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Typhoid fever remains an underestimated important health problem in many developing countries, caus-
ing more than 600 000 deaths annually in the world. Because of the reactogenicity of the parenteral,
killed whole-cell vaccine, research has been oriented towards vaccination orally using live organisms
and purified antigen. Live vaccine Ty2la, given by the oral route, has been extensively tested in several
studies in developing countries. Its liquid formulation was the most effective, providing more than 60%
protection after 7years of follow-up. A Vi polysaccharide vaccine has been elaborated and provided
more than 65% protection; after 3 years of follow-up the Vi antibody level was still at a high level.

These two vaccines are therefore candidates for use in public health control programmes. Before
such use, however, they need further evaluation for safety and protective efficacy when administered to
the EPI-targeted age groups. The question of whether typhoid fever vaccines interfere with the
response to simultaneously administered measles vaccine must also be studied.

New live vaccines, given by the oral route in one dose, have been constructed through genetic
engineering. The first results are promising, but they must be improved before use in a large-scale
study. These strains could be used as live vector to deliver foreign antigens to the intestinal mucosa.

Historical overview
Typhoid fever (TF) remains an important public
health problem in many developing countries. It has
been estimated that about 16 millions cases occur
annually in the world, with more than 600 000 deaths.
Human beings are the only reservoir and host for this
enteric fever which is caused by Salmonella typhi,
formerly called Bacillus typhosus, Eberthella typho-
sa and Salmonella typhosa. Paratyphoid fever is
different from TF and is due to S. paratyphi A or
S. paratyphi B.

In 1829 C. A. Louis (25) in Paris described
typhoid, clearly separating it from other fevers, and
related the clinical features to lesions in the intes-
tines, mesenteric lymph nodes and spleen. Breton-
neau in France and Smith in the USA recognized the
spread of the disease by contagion and the immunity
conferred by illness. In 1873 Budd (2) in England
provided evidence that bowel discharges were the
main, waterbome, mechanism of infection, and in
1880 Eberth (5) discovered the etiologic agent in tis-
sues from a patient infected with TF.
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In 1884 Gaffky (10) first cultivated and isolated
S. typhi in pure culture from the spleens of infected
patients. In 1896, Pfeiffer & Kolle (33) in Germany
and Wright (49) in England prepared the first vac-
cine for human use with heat-killed organisms, and
demonstrated that antibodies could passively protect
guinea pigs against experimental infection. That
same year Widal (46) reported that convalescent-
phase serum mixed with S. typhi led to the sticking
together of organisms in clumps and losing their
motility. Thus was bom the term "agglutinins" and
the classic serological test for diagnosis of infection
by S. typhi.

Epidemiology and clinical aspects
Epidemiology
Typhoid fever continues to be a global health prob-
lem. It is difficult to estimate its worldwide impact
because the clinical picture resembles many other
febrile infections, and because of the limited capaci-
ty for bacteriological diagnosis in most areas of the
developing countries owing to lack of funds. How-
ever, it has been possible to estimate the prevalence
of TF in the world (Table 1) (6, 16). For example,
in Indonesia there were a mean of 900 000 cases per
year and more than 20 000 deaths; 3-19-year-olds
accounted for 91% of typhoid cases, with an attack
rate of blood-culture positive TF of 1026 per
100 000 per year.
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Table 1. Estimated number of typhoid cases and deaths
in the world

Population Incidence/ Total No. of
Countries in: (x 106) 105/yr cases deaths
Africa 531 500 2 655 000 130 000
Asia 2 662 500 13 310 000 440 000
Latin America 397 150 595 500 10 000
Oceania 5 150 7 500 124
Developed world 1 131 2 22 620 74

Total 4 726 16 590 620 580 198

In the endemic areas of South America the age-
specific incidence was:
- low in under-3-year-olds. However, an epidemi-

ological study in Chile (7), based on the system-
atic collection of a single blood culture from all
children younger than 24 months of age who
were presented to health centres with fever,
regardless of their other clinical symptoms,
showed that 3.5% had an unrecognized bacter-
aemic infection due to S. typhi or S. paratyphi (in
none was enteric fever suspected on clinical
grounds);

- high, with a peak among schoolchildren aged 5
to 19 years;

- low in adults over 35 years of age.

Humans are the only natural hosts and reservoir.
The infection is transmitted by ingestion of faecally
contaminated food, vegetables or water, the highest
incidence occurring where contaminated water sup-
plies serve a large population. Epidemiological data
suggest that waterbome transmission of S. typhi is
usually a result of small inocula, whereas foodbome
transmission is associated with large inocula and
high attack rates.

The hypothesis that vegetables (irrigated with
untreated waste waters) and fruit (freshened with
contaminated river water) represent important vehi-
cles of transmission in Chile explains the following
epidemiological observations:
- the seasonal appearance of TF (in the summer

when there is no rain and irrigation is used);
- the low reported incidence of TF in young chil-

dren (since raw vegetables are not an important
food for them);

- the high incidence of TF in high socioeconomic
neighbourhoods (where salads are eaten in res-
taurants and at home);

- the low incidence of TF in areas (e.g., the lakes
region) with all-year-round rain so that irrigation
is not needed.

Levine et al. (20) studied the role of chronic TF
carriers in Santiago, Chile, and found a crude rate of
694 carriers per 100 000 inhabitants. From the preva-
lence of cholelithiasis in Santiago and the presence
of S. typhi in bile from patients undergoing cholecys-
tectomy, they calculated that 29 594 women and
4 575 men were chronic carriers. These authors con-
ducted family studies because they were interested in
determining whether chronic carriers were present in
the households where there were children with TF,
and whether risk factors could be identified for per-
sons with typhoid, as compared with persons in unin-
fected households. Their conclusion suggests that
chronic carriers within the household do not play an
important role in transmission of typhoid in Santiago.

In contrast, typhoid in developed countries is
transmitted when chronic carriers contaminate food
vehicles through absence of hygiene.

Clinical aspects
S. typhi and S. paratyphi A and B are invasive bacte-
ria that reach the reticuloendothelial system where,
usually after 10-14 days of incubation, they lead to
systemic illness. TF is an acute infection leading
sometimes to severe forms. Two complications,
intestinal perforation and haemorrhage, occur in
0.5-1% of cases. In Indonesia, a severe form of TF
has been described with cerebral dysfunction, deli-
rium and shock. For a long time TF was often con-
fused with other prolonged febrile syndromes, parti-
cularly typhus fever of rickettsial origin. The classic
clinical description of TF usually begins with mal-
aise, anorexia, myalgia, fever of 39-40°C, abdomin-
al discomfort, headache, and hepatosplenomegaly. A
bronchitic cough is common in the early stage of the
illness. During the period of fever 25% of white
patients show exanthem (rose spots) on the chest,
abdomen and back. Constipation is typical in older
children and adults, while diarrhoea may occur in
younger children. The leukocyte count is often below
4500/mm3. Paratyphoid fever is similar to TF but
usually a milder disease clinically. In most countries
in which these diseases have been studied, the ratio
of disease caused by S. typhi to that caused by
S. paratyphi is about 10 to 1.

Patients who are positive for HIV are at signifi-
cantly increased risk for infection with S. typhi and
S. paratyphi (12).

Pathogenesis of the etiological agent
Usually human hosts ingest the causative organisms
in contaminated water or food. The inoculum size
and the type of vehicle in which the organisms are
ingested greatly influence both the attack rate and
the incubation period. Clinical illness appeared in
98% and 89% of volunteers who had ingested res-
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pectively 109 and 108 pathogenic S. typhi in 45 ml of
skimmed milk. Doses of 105 caused TF in 28% to
55% of volunteers, whereas none of 14 persons who
ingested 103 organisms developed clinical illness.

After ingestion, the typhoid organisms pass
through the pylorus to the small intestine, rapidly
penetrating the mucosal epithelium to reach the lam-
ina propria where an influx of macrophages ingest
the bacilli but generally do not kill them. Some
bacilli remain within the macrophages of the small
intestine lymphoid tissue. Other typhoid bacilli are
drained into the mesenteric lymph nodes where fur-
ther multiplication and ingestion by macrophages
take place. It is believed that the main route by
which typhoid bacilli reach the blood stream is by
lymph drainage from the mesenteric nodes, after
which they enter the thoracic duct and then the gen-
eral circulation. As a result of this primary bacterae-
mia, the pathogens reach an intracellular haven
(24 hours after ingestion) through the organs of the
reticuloendothelial system where they reside during
the incubation period (usually 10-14 days, but vary-
ing with the size of the inoculum from 3 days to 3
months). Clinical illness is accompanied by a fairly
sustained secondary bacteraemia.

S. typhi, the causative agent of TF, is in group D
Salmonella according to the classification by Kauff-
man & White. Its antigenic formula, established on
the basis of its somatic (0) and flagellar (H) anti-
gens, is [O 9, 12, (Vi), d]. It is motile, with a peritri-
chous flagella (H - d antigen), which is also encoun-
tered in approximately 80 other bioserotypes of
Salmonella. Strains, freshly isolated from patients,
possess on their surface a polysaccharide capsule Vi
antigen (related to virulence), which prevents 0 anti-
bodies from binding to the 0 antigen. Boiling
removes the Vi antigen (thermolabile), which is also
present in Citrobacter, S. dublin and S. paratyphi C.

Immunology
The circulating, secretory and cell-mediated immune
response is stronger overall after natural infection
than after vaccination (27, 29) and includes both
prominent serum and cell-mediated components,
Parenteral, killed whole-cell (WC) vaccines elicit a
serum response equal to a natural infection, but not a
comparable cell-mediated response. With the live
oral vaccines the opposite is true. Described below
are the immune responses after vaccination and the
so-called "herd immunity".

Immune response after vaccination
Because of the complex nature of the pathogenesis
of S. typhi clinical infection, a protective role is
probably played:

- by the secretory intestinal antibody in preventing
mucosal invasion;

- by the circulating antibody against bacteraemic
organisms; and
by cell-mediated immunity in eliminating intra-
cellular bacilli.
The immune response depends on the nature of

the vaccine. With parenteral vaccines the circulating
antibody response is substantial and presumably pro-
vides the predominant protective effect. In contrast,
with live oral vaccines the circulating antibody
response is modest, but a vigorous cell-mediated
immune response occurs, increasing the protection
conferred by the vaccine.

With parenteral whole-cell vaccine, elicitation of
serum H antibodies and sometime Vi antibodies (47)
correlates with protection, whereas 0 antibodies do
not. In contrast, with live oral vaccines, the cell-medi-
ated immune response seems to be directed towards
the 0 and H antigen and not towards the Vi antigen.

Circulating antibodies. With parenteral, acetone or
heat phenol inactivated vaccines the 0 antibodies are
IgM (LPS (lipopolysaccharide antigen) is T indepen-
dent), while the H antibody response is initially IgM
and then becomes IgG. With purified Vi polysaccha-
ride vaccine the response depends on the preparation
of the antigen (41). Oral, killed WC vaccine stimu-
lates meagre serum 0, H, or Vi antibody responses.
Attenuated strains elicit relatively weak serum anti-
body responses that are intermediate between those
after parenteral killed and oral killed vaccines.

The serum antibody response has been most
extensively studied with vaccine strain Ty21a. Furer
and Germanier (11) noted that Ty2la grown in the
presence of galactose, which leads to bacilli bearing
smooth LPS, was highly protective, whereas vaccine
grown in the absence of galactose, which leads to
rough bacilli, was not. He noted a significantly great-
er seroconversion of 0 antibody in recipients of vac-
cine grown in the presence of galactose. Serum lev-
els of IgG and IgA antibodies to S. typhi 0 antigen
have been measured before and after the vaccination
of healthy Chileans who received Ty2la in one of
two formulations, and in various immunization
schedules (enteric-coated and gelatin + NaHCO3
vaccines). An ELISA method showed, among recip-
ients of enteric-coated capsules, a strong correlation
between the seroconversion rate of IgG 0 antibody
and vaccine efficacy in the field. Thus, while serum
O antibody is not believed to be the operative mech-
anism of immunity elicited by attenuated strains, it
clearly correlates, in this case, with protection.

Secretory antibody response. The intestinal secreto-
ry antibody response of any of the vaccines (paren-
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teral, killed oral, live oral) has not been studied in a
large number of recipients. However, several studies
have shown that local antibody (IgAs) to 0 antigen
was stimulated following oral vaccination with live
oral vaccines, particularly in individuals from
endemic areas.

Mucosal tissues contain their own local immune
system, working in separation from the generalized
immune system (14), but activated lymphocytes from
the gut can disseminate immunity to other mucosal
and glandular tissues. An important basis for local
immunity is the migration of specific, antigen-
activated B and T cells from Peyer's patches (PP) to
the intestinal lamina propria and epithelium. Antigen
(or bacteria administered orally) is taken up in the
PP by modified epithelial cells, called "M" cells, and
then transported to the lymphoid tissue of the PP
which contain B and T cells as well as antigen-
presenting cells (APC = macrophages or dendritic
cells). After antigen-induced proliferation and partial
differentiation, both B and T cells enter the regional
mesenteric lymph nodes, and then after further dif-
ferentiation they are transported through the thoracic
duct into the circulation.

As these cells have surface determinants - so-
called adressins, which are specific for lymphocyte
homing receptors on endothelial cells - in mucosal
and glandular tissues, they will return to and extrava-
sate into these tissues. Most of the B and T cells acti-
vated in the intestine migrate to the lamina propria of
the intestine while another population of T cells
moves to the intestinal epithelium, but a substantial
proportion (10-25%) end up in mucosal tissues out-
side the intestine.

B cells in the lamina propria synthesize the IgAs
molecule as a dimer. This dimeric IgA is then trans-
ported into the gut lumen by a "lock and key" inter-
action between the J chain on the IgA dimer and the
secretory component (SC) receptor present on the
basolateral membrane of the enterocyte. At the apical
surface, the IgAs molecule is exocytosed, and the SC
is cleaved to deliver the classical IgAs molecule with
a small piece of SC remaining in the membrane.

Kantele (17) studied the human immune
response (in persons vaccinated 2 years previously
by oral Ty2la vaccine) to a secondary immunization
by the same oral vaccine by enumerating the specific
antibody-secreting cells (ASC) in the peripheral
blood. This study shows the presence of immunolog-
ic memory in respect of the human ASC response,
and confirms the separate nature of ASC and serum
responses. Serum antibody responses were not seen
in any of the vaccinees after secondary immuniza-
tion, whereas after primary immunization 60% of
these subjects responded.

T-cell response. Cell-mediated responses have been
measured, following vaccination with parenteral,
killed, WC vaccines or live oral vaccines (9, 31).
The assays utilized have included lymphocyte repli-
cation, inhibition of mononuclear cell migration in
the presence of soluble antigen, or inhibition of
growth of S. typhi by mononuclear cells. Live oral
vaccines stimulate the more potent T-cell immune
response (40), which appears to be largely directed
against the 0 antigen. Following oral immunization
with S. typhi Ty2la (39), or 0901 (27), or 54lTy
(24), the appearance of a potent plasma-dependent
mononuclear cell inhibition of the growth of S. typhi
has been observed. Preliminary evidence showed that
the necessary component in plasma is immunoglobu-
lin and that IgA is most effective.

Herd immunity
An indirect protective effect has been observed in
control groups during field trial studies of Ty2la. In
fact, analysis of the incidence rate of typhoid fever in
the placebo control group in the first field trial of
Ty21a in Area Norte, Santiago, Chile, provided some
interesting data on what might possibly occur follow-
ing a systematic wide-scale application of Ty2la live
oral vaccine in TF control programmes (21).

The incidence rate in the randomized control
group in the first year of surveillance was 227 cases
per 100 000 schoolchildren. Surveillance of the sec-
ond typhoid season in Area Norte took place after
most of the children in the adjacent area, Occidente,
had been given vaccines as part of the second field
trial of Ty2la. The incidence fell to 139 cases per
100 000, a decrease of 39%. Shortly before the third
typhoid season of surveillance began in Area Norte,
almost 200 000 children in Areas Sur and Central
were given 2, 3 or 4 doses of vaccine. In this third
year of surveillance the incidence in the placebo
group fell again by 50% (70 cases). A rate so low
has not been encountered in Area Norte for decades.
The fourth year of surveillance in Area Norte field
occurred during a year when no further trials were
carried out in Santiago. The incidence of TF in the
placebo group did not fall further; in fact, it
increased by 30%. Shortly before the fifth year of
surveillance in Area Norte, 90 000 additional Santia-
go children were entered into a trial, 88% of whom
received three doses of vaccine, the others receiving
placebo. Approximately 80% of these children were
in Area Sur Oriente, the rest were young children in
Area Norte who entered school after initiation of the
1982 vaccine trial in Area Norte. During this fifth
year of surveillance, the incidence of TF in the pla-
cebo group again showed a decrease, dropping by
40% from the incidence recorded in the previous
year.
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The trial in Area Occidente began one year after
the trial in Area Norte. A similar, but less pro-
nounced, change in incidence was seen in the pla-
cebo group during four years of surveillance in the
same period.

Vaccines
Despite effective treatment for typhoid fever (26), it
has been reported that some Salmonella strains
presented resistance to several antibiotics (35). It is
therefore necessary to prepare vaccines which could
be used as a public health tool in developing coun-
tries. The various vaccines that have been utilized to
prevent TF can be divided according to their mode
of administration and their composition.

Vaccines given by parenteral and aerosol
routes

Killed organisms or subunit immunizing antigens
have been used.

(1) Vaccines composed of killed organisms
Parental, killed WC vaccine inactivated by heat, phe-
nol, or acetone has been used since 1896. Between
1960 and 1970 WHO sponsored a series of field
trials. The first, held in Yugoslavia showed that a
fluid, heat-inactived, phenol-preserved parenteral
vaccine was superior in protective efficacy when
compared with an alcohol-inactivated and preserved
vaccine. After this trial the Walter Reed Army Insti-
tute of Research prepared for WHO two lyophilized
vaccines for use in other field trials (45). These
included a heat phenol-inactivated vaccine (L) and
an acetone-inactivated vaccine (K) tested in random-
ized, controlled, double-blind trials in Yugoslavia
(50) and Guyana. In addition, the K vaccine was
evaluated for efficacy in Poland and the L in Russia.

Results are presented in Table 2. The K vaccine was
found to provide significantly more protection than
the L vaccine.

Although protective, killed WC vaccines are
rarely used in systematic TF control programmes
because of adverse reactions.

(2) Vaccines composed of chemically defined sub-
units
Many attempts have been made to prepare extracts
and sonicates of S. typhi. The various subunit im-
munizing agents, which were called "chemical"
vaccines include the following:
- freeze and thaw extract vaccines;
- trypsinized extract vaccines;
- purified Vi polysaccharide (PS) vaccines; the

technique of extraction denatures the PS. Rob-
bins et al. (34) utilized a non-denaturing tech-
nique of extraction to prepare an effective vac-
cine.
Some chemical vaccines have been used by

either the parenteral or aerosol route.

(3) Vaccine composed of Vi polysaccharide
History. The Vi polysaccharide of S. typhi is a homo-
polymer of N-acetyl-galacturonic acid which covers
the bacteria as a capsular antigen and correlates with
its virulence. A poor serological response to Vi anti-
gen has been shown in acute TF which contrasts with
the very high response in most chronic carriers. Vi
protected the 0 antigen of S. typhi from agglutina-
tion by 0 antibodies, and it was proposed that Vi
antibodies played an important role in protection
against TF.

Landy (19) proposed to assess the role of Vi as a
protective antigen in injecting it in a very highly pur-
ified form. But the technique employed was denatur-
ing and the vaccine failed to protect volunteers.

Table 2. Field trials of two doses of Iyophilized acetone (K) and heat phenol (L) inactivated
vaccines

No. of Duration of Incidence/
Sites and dates Age in years Vaccines vaccinees survey (years) 1 05/yr Efficacy (%)
Yugoslavia 2 to 50 K 5 028 2.5 318 79
1960-63 L 5 068 2.5 727 51

Control 5 039 2.5 1488

Guyana 5 to 15 K 24 046 7 67 88
1960-67 L 23 431 7 209 65

Control 24 241 7 602

Poland 5 to 14 K 81 534 3 7 88
1961-64 Control 83 734 3 47

Russia 7 to 15 L 36 112 2.5 55 66
1962-65 Control 36 999 2.5 162
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Wong (48) purified the Vi polysaccharide by a non-
denaturing technique with hexadecyltrimethylammo-
nium bromide, which he used as a parenteral vac-
cine. More recently this work was extended by
Robbins who prepared with Merieux the "Thyphim
Vi" vaccine.

Safety and Immunogenicity studies with purified Vi
antigen. Tacket (41) evaluated immunogenicity of
two nondenatured Vi lkts prepared at NIH Bethesda
(USA) or at the Merieux Institute (France). The for-
mer contained 5% and the latter 0.2% of contaminat-
ing LPS. Both lots elicited high titres of Vi antibody
in about 90% of recipients. However, the less pure
lot also stimulated 0 antibody in more than 80% of
vaccinees. In contrast, the 99.8% pure preparation
was well tolerated and stimulated 0 antibody in
fewer than 20% of vaccinees. Moreover, Tacket
(42) showed that the Vi antibodies generated in the
vaccinees persisted at least three years.

Field trials with purified Vi vaccine. Two random-
ized controlled field trials were initiated in Nepal (1)
and in South Africa (18) to assess the safety and effi-
cacy of the candidate Vi vaccine produced by the
Merieux Institute. Control groups received anti-
meningococcal vaccine in South Africa and anti-
pneumococcal vaccine in Nepal. In both trials the
vaccine was well tolerated. In Nepal (1), a single
25mg intramuscular dose provided 72% protection
for at least 17 months against culture-confirmed TF
in subjects aged 5 to 44 years (incidence in control,
655/100 000 per year). Similar results were obtained
in a field trial in South African schoolchildren (6 to
14 years old) in whom a single 25 mg dose conferred
64% protection (16) against culture-confirmed TF
for at least 21 months (see Table 3). The study in
Nepal utilized active surveillance methods in which
health workers visited the households of participants
every two days to detect typhoid cases. The African
trial used a combination of active and passive sur-
veillance methods.

Table 3. Culture-confirmed TF in persons immunized
with Vi or control (pneumo or meningo) polysaccharlde
antigens
Site and No. of No. of Incidence/ Efficacy
vaccine vaccinees typhoid cases 105/yr (%)

Nepal:
Vi 3457 9 260 72
Pneumo 3450 32 930

South Africa:
Vi 5692 16 280 64
Meningo 5692 44 850

The results of these two trials, where surveil-
lance is being continued to determine the duration of
immunity, clearly establish the efficacy of typhoid
vaccines based on humoral immunity to the Vi anti-
gen.

A safety and immunogenicity study has been
conducted in 158 children aged 2 to 10 years old.
The first results, by age group, demonstrated a clear
augmentation in the production of Vi antibodies by
age; only two children did not seroconvert. Indonesian
children less than two years of age have been inocu-
lated with one dose of pure Vi polysaccharride; results
from this study are currently being investigated.

It is known that highly significant protection
against S. typhi can be exhibited in the absence of Vi
antibody, since the protective oral vaccine Ty21a
lacks Vi antigen and therefore does not stimulate Vi
antibody. This raises the question of whether maxi-
mal protection against TF might be obtained by com-
bining a vaccine that stimulates Vi immunity with a
live oral vaccine, such as Ty21 a, which elicits humo-
ral and cell-mediated immunity against non-Vi anti-
gens (21).

Vi vaccine is currently licensed by Merieux
Institute ("Thyphim Vi") in Chile, Congo, Cote
d'Ivoire, France, Republic of Korea, Netherlands,
Peru, Philippines, Togo and the United Kingdom.

Vi polysaccharide conjugate vaccines. In an
attempt to increase the immunogenicity of Vi as a
parenteral vaccine, Szu et al. (37, 38) conjugated Vi
polysaccharide to tetanus toxoid, diphtheria toxoid
and cholera toxin, conferring T-dependent properties
on the polysaccharide. The candidate conjugate vac-
cine elicited higher levels of serum antibodies than
purified Vi alone in two animal species, mice and
rhesus monkeys. Immunized animals responded to a
booster dose with conjugate vaccine, by exhibiting
further increases in Vi antibody titre. In contrast,
booster doses of purified Vi polysaccharide failed to
increase the level of Vi antibody.

Potential characteristics of the Vi conjugate vac-
cine are:

- they are more immunogenic in young animals,
but require multiple doses to achieve maximal
antibody titres;

- they will most probably require a cold chain to
maintain their stability, probably more than with
purified Vi; and

- the cost will be substantially higher than that of a
simple polysaccharide.

Clinical studies with such conjugates are in
progress.
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Vaccines given by the oral route
(1) Oral, killed whole-cell vaccines
It has been known already for some time that killed
WC S. typhi can be given safely by the oral route
without eliciting adverse reactions, in contrast to
when administered parenterally. However, it has pro-
vided little protective efficacy in field trial studies.

(2) Oral, live attenuated vaccines
Attenuated S. typhi strains that have been studied are
described below.

Streptomycin-dependent S. typhi. This strain was
obtained by repeated cultivation in the presence of
streptomycin, and was therefore unable to proliferate
in the absence of streptomycin. It was shown to be
safe and effective as a live oral vaccine in studies on
volunteers. However, in subsequent studies, protec-
tion was not conferred when the vaccine was admin-
istered with reconstituted lyophilized organisms.
Although these studies were abandoned, experience
with the streptomycin-dependent strains paved the
way for other attenuated S. typhi strains to be used as
safe and effective live oral vaccines.

galE mutant Ty2la. In 1975, Germanier & Furer
(11) described strain Ty2la, a mutant of S. typhi Ty2
which carries a mutation in the galE gene, resulting
in the absence of activity of the enzyme uridine
diphosphate (UDP) galactose-4-epimerase (Fig. 1).
Derived by chemical mutagenic activity of nitroso-
guanidine it is entirely deficient in activity of the galE
gene product, UDP-galactose-4-epimerase which is
responsible for the interconversion of UDP-galactose
and UDP-glucose. But the nonspecific action of
nitrosoguanidine produced other changes in addition
to the galE mutation, e.g., inability to produce
H2S, several nutritional auxotrophies (growth rate
approximately half that of the parent Ty2), and lack of
Vi antigen.

Galactose residues are an important component
of the smooth LPS 0 antigen in wild type S. typhi.
They come from the action of UDP galactose-4-
epimerase. When grown in the absence of galactose,
Ty21a does not express smooth 0 antigen and is not
immunogenic. In the absence of UDP galactose-4-
epimerase, the galactose residues can be obtained
through the exogenous pathway which leads to an
accumulation of galactose- 1-phosphate and UDP
galactose. In the absence of UDP galactose-4-
epimerase activity, this accumulation of intermediate
metabolites leads to bacterial death by lysis, which
has been presumed to account for the failure to
recover vaccine organisms from coprocultures of
persons who ingested the usual dose of I to 5 x 109
organisms.

In preliminary safety and immunogenicity stud-
ies in adult North Americans, Ty2la (grown in a low
concentration of galactose) was well tolerated, even
with oral doses as high as 1011 organisms and was
immunogenic (23).

Field trial in Egypt

The first field trial of efficacy was conducted from
1978 to 1980 in Alexandria, where approximately
32 000 schoolchildren aged 6 to 7 years were ran-
domized to receive three doses (109 organisms) of
vaccine or placebo administered every other day.
Each dose of lyophilized vaccine was reconstituted in
the field with a diluent to create a liquid suspension
and was ingested by the child 1 minute after chew-
ing a 1.0 g tablet of NaHCO3. During three years of
passive surveillance, 22 bacteriologically confirmed
cases of TF were observed in the control group but
only 1 case in the vaccinated group (96% efficacy).

After these encouraging results the Swiss Serum
and Vaccine Institute in 1981 prepared a commercial
formulation of Ty2la in gelatin capsules containing
a dose of lyophilized vaccine together with two addi-
tional gelatin capsules, each containing 0.4 g of
NaHCO3. Later they produced enteric-coated cap-
sules (using hydroxy-propylmethyl-cellulose phtha-
late) to make the capsules acid-resistant. The latter
resist gastric acid for at least two hours, but dissolve
within 10 minutes in artificial intestinal fluid of pH 6
or more.

Field trial in Chile

Despite the efficacy demonstrated in volunteers and
in Egypt, several practical points still needed to be
resolved before Ty21a could be considered for wide-
spread use in public health, such as:

- What was the efficacy of Ty2la when adminis-
tered as enteric-coated capsules without pre-treat-
ment with NaHCO3?

- Could fewer doses than those used in Alexandria
provide a satisfactory level of protection?

- What level of protection would Ty21a provide in
areas where the incidence of TF is much higher
than the 44 to 50 cases per 100 000 population
per year observed in Alexandria?

- What was the efficacy of the commercial formu-
lation (gelatin capsules containing NaHCO3)
compared with the lyophilized vaccine which
was marketed after the Egyptian trial?

Could a longer interval between the doses
enhance the immunogenicity of the vaccine?
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Fig. 1. Schema of the incorporation of exogenous galactose by the gatE mutant. In the
absence of UDP-galactose-4-epimerase, there is an accumulation of galactose-1-phosphate and
UDP-galactose (from the exogenous pathway).
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-Could an immunological assay be identified that
would correlate with levels of vaccine efficacy in
a field trial, which could be used to predict the
effect of changes in formulation and immuniza-
tion schedules?

Many of these points were successfully investi-
gated in a series of four field trials of vaccine effica-
cy carried out in Chile with Ty2la vaccine (22).

Three of the four studies were conducted with
placebo groups. The first two field trials were initiat-
ed in the Northem and Westem administrative areas
of Santiago in 1982 and 1983. The third began in the
Southem and Central administrative area of Santiago
in 1984. The last was conducted in the South Eastem
and Northem administrative area of the town. Santia-
go was selected because of the combination of high
endemicity of TF (annual incidence exceeded 150
per 100 000), an excellent health care infrastructure,
and a long history of school-based vaccination pro-
grammes.

Only bacteriologically confirmed cases (i.e.,
where S. typhi was isolated from blood, bone mar-
row, or bile-stained duodenal fluid) were used in
reckoning vaccine efficacy.
Area Occidente (western) field trial (1983-86). More
than 140 000 children were randomized to one of
five groups that received vaccine or placebo as fol-
lows:
- Group 1: three doses of vaccine in enteric-coated

capsules with two days' interval.
- Group 2: three doses of vaccine with NaHCO3,

gelatin formulation, with two days' interval.
- Group 3: three doses of vaccine in enteric-coated

capsules, with an interval of 21 days between the
doses.

- Group 4: three doses of vaccine with NaHCO3,
gelatin formulation, with an interval of 21 days
between the doses.

- Group 5: three doses of placebo with 2 days'
interval.

The vaccine contained 1 to 3 x 109 viable organ-
isms per dose. Since TF exhibits marked activity in
the summer months (November to April), the vacci-
nations were carried out from May to October.

The mains points of the results obtained after 36
months of follow-up (Table 4) can be summarized as
follows:
- the enteric-coated formulation was significantly

superior to the gelatin NaHCO3 capsules;
- increasing the interval between doses to 21 days

offered no advantage over administering all three
doses within a week; and

- the level of protection (over 60% vaccine effica-
cy) conferred by the best regimen, given two
days apart, persisted for at least seven years (cur-
rent surveillance time).

Area Norte (northern) field trial (1982-86). A total
of 92 356 schoolchildren were randomized in three
groups as follows:
- Group 1: two doses of Ty21a vaccine in enteric-

coated capsules (1 to 3 x 109 organisms per
dose).

- Group 2: one dose of vaccine and 1 dose of pla-
cebo identical in appearance.

- Group 3: two doses of placebo.
The doses of vaccine were given to the children

1 week apart.
The main points are as follows:

WHO Bulletin OMS. Vol 72 1994964



Vaccination against typhoid fever

Table 4. Comparison of the efficacy of two different formulations administered in different
immunization schedules in Santiago

Enteric-coated capsules Gelatine capsules + NaHCO3

Long intervala Short interval, Placebo Long intervala Short intervala
(n= 21 598) (n= 22170) (n= 21 906) (n= 21 541) (n= 22 379)

No. of cases 34 23 68 46 56
Incidenceb 157.4 103.7 310.4 213.5 250.2
Efficacy (%) 49.3 66.6 31.2 19.4

a Long interval = 3 doses, 21 days apart; short interval = 3 doses, 2 days apart.
b Incidence per 100 000 population.

- two doses of enteric-coated vaccine provided
protection (52% to 71%) for a period of two
years, which then dropped to 22% in the third
year and was nonexistent in the fourth year of
surveillance; and

- a single dose of vaccine in enteric-coated cap-
sules provided low levels of protection for two
years, which dropped in the third year of surveil-
lance.
Thus, Ty2la (in enteric-coated formulation) in

one or two doses provides insufficient levels of pro-
tection.
Area Sur and Area Central field trial (1984-87).
This field trial was mainly set up to assess the fea-
sibility of using Ty21a as a public health tool in
large-scale school-based immunization programmes,
and also to determine if administration of four doses
of vaccine within an 8-day vaccination period could
enhance protection. Some 190 000 children were ran-
domized to receive two, three or four doses of Ty21a
vaccine in enteric-coated capsules (1 to 3 x 109
organisms per dose), within a period of eight days
(8). The results of three years of surveillance show
that the incidence of TF in recipients of three doses
of vaccine was only slightly lower than that in chil-
dren who received two doses. In contrast, the inci-
dence of TF after four doses was significantly lower
than the rates in children who received 2 or 3 doses.
At the request of one of the ethical groups that
reviewed this field trial proposal, a placebo control
group was removed.
Area Sur Oriente field trial (1986). In 1986 a fourth
field trial was initiated in the Area Sur Oriente where
90000 children received three doses of Ty2la or
placebo within one week in either enteric-coated
capsules or a liquid formulation. The results show
that the liquid formulation of Ty2la, similar to that
which was used in Egypt, is superior to enteric-coat-
ed capsules. A similar field trial has been conducted
in Indonesia where the liquid formulation conferred
slightly greater protection than the enteric-coated
formulation.

Regarding laboratory correlates of protection, it
has been shown that the seroconversion rate of IgG
ELISA S. typhi 0 antibody increases with each addi-
tional dose (from one to four) of Ty2la ingested
within eight days and that the seroconversion rate
roughly correlates with the level of protection
encountered in field trials. This antibody production
is not believed to mediate protection per se but it
serves as a useful correlate to compare dosage regi-
mens.

Comparison of the Egyptian and Chilean field trials.
Data from the two sites are compared in Table 5.
Surveillance was conducted during a period of 36
months in Alexandria and 60 months in Santiago.
The 66% protection for at least five years conferred
by three doses of Ty21a in enteric-coated capsules
given within one week in the Area Occidente field
trial contrasts with the 96% efficacy recorded in
Alexandria. The following explanations can be pro-
posed:

(1) Human genetic differences. The immune
response to Haemophilus influenzae type b purified
polysaccharide exhibits genetic restriction. It is pos-
sible that the Egyptian children mount better immune
responses to Ty2la than Chilean children, based on
genetic differences (13).

(2) Antigenic differences in circulating S. typhi strains.
It is theoretically possible that antigenic differences
exist among S. typhi strains, and that Ty21a provided
better protection against the strains prevalent in
Alexandria than against those in Santiago.

(3) Epidemiological factors. Epidemiological data
suggest that water-borne transmission of S. typhi is
usually a result of small inocula, whereas food-borne
transmission is associated with large inocula and
high attack rates. Typhoid is presumed to be water-
borne in Alexandria, and is usually food-borne in
Santiago. The lower efficacy of Ty2la in Santiago
might be explained by exposure to larger inocula
than in Alexandria.
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Table 5. Efficacy of three doses in liquid formulation or in enteric-coated capsules given
within a week In Egypt (Alexandria) and Chile (Santiago)

Egypt: liquid formulation Chile: enteric-coated capsules

Vaccinees Placebo Vaccinees Placebo
(n = 16 486) (n= 15 902) (n = 22 170) (n = 21 906)

No. of cases 1 22 35 101
Incidence 6 138 158 461
Efficacy (%) 95.6 66

(77-99)a (50Q77)a
P-value <0.001 <0.0000001
a 95% confidence interval.

(4) Formulation. In Alexandria, children ingested a
freshly reconstituted liquid suspension from a lyoph-
ilate, whereas in Santiago the children ingested lyo-
philized organisms contained within enteric-coated
capsules. Vaccine organisms may be more viable
when reconstituted in vitro before feeding than if
they must emerge from the lyophilized state in the
intestinal environment, where they are exposed to
bile acids, enzymes, and degraded food. Moreover a
liquid suspension allowed the vaccine organisms to
be in contact with the tonsils, a lymphoid organ.
Field trial in Indonesia
This study (36) was designed to determine the pro-
tective efficacy of Ty2la under the conditions of
intense transmission found in Indonesia and to com-
pare, under these conditions, the protective efficacy
of Ty2 1 a given in solution with NaHCO3 with that of
Ty2la given in enteric-coated capsules. A total of
20 543 subjects (aged 3 to 44 years) were random-
ized to receive either three doses of enteric-coated
capsules containing placebo or live Ty21a, or three
doses of lyophilized placebo or live Ty2la reconsti-
tuted with phosphate buffer. During 30 months of
follow-up, the rate of blood-culture-positive TF among
the controls was 810 per 100 000 per year, 379 per
100 000 per year for recipients of liquid formulation,
and 468 per 100 000 per year for those who received
enteric-coated capsules. The liquid formulation was
found to be most effective (Table 6). The protective
efficacy was 53% for the liquid formulation and 42%
for the enteric-coated capsules in subjects aged be-
tween 3 and 19 years, who accounted for 91% of
the TF cases and had an attack rate of blood-culture-
positive TF of 1206 per 100 000 per year. One ex-
planation for the lower protective efficacy of the
vaccine in Indonesia than in Chile is that immunity
was overcome by more frequent inoculations of
greater numbers of bacteria with intense transmis-
sion of TF. Field studies suggest that protective
efficacy could fluctuate with the attack rate.

As regards paratyphoid fever, neither formula-
tion protected against infection with S. paratyphi A.
In the Santiago field trial, one dose of Ty2la vaccine
resulted in 22% efficacy against S. paratyphi B and
two doses resulted in 54% efficacy.a

Mutant prepared by genetic engineering. Although
Ty2la has proved to be safe and efficacious, it suf-
fers from some drawbacks, including the requirement
for multiple doses to stimulate protection, the fragil-
ity of the vaccine strain in the fermentation and lyo-
philization processes of large-scale manufacture, and
the fact that a nonspecific method of mutagenesis
resulted in multiple genetic changes in Ty2la. Bio-
technology is being applied to develop new attenuat-
ed strains of S. typhi that might serve as oral vac-
cines. It is hoped to obtain successful immunization
with just a single oral dose.

Mutation affecting regulatory pathways
Investigators at Washington University, led by Cur-
tiss, have constructed candidate vaccines based pri-
marily on inactivating the cya (adenylate cyclase),
and crp (cAMP receptor protein) genes which form a
global regulatory system in Salmonella. In phase I
studies a strain (X3927) with these mutations in cya
and crp caused febrile adverse reactions. Curtiss and
colleagues thereupon introduced an additional puta-
tively attenuating mutation into the gene encoding a
deep tissue invasion factor (cdt) in strain X3927,
resulting in strain X4073. The latter mutation was
intended to diminish or prevent invasion of the vac-
cine strain beyond the intestinal lymphoid tissue to
deeper organs of the reticuloendothelial system.
When fed to volunteers at dosages of lOs and 106
organisms, this vaccine was found to be non-reacto-

a Ty2la vaccine is licensed by Berna and other laboratories
("Vivotif") and by Sclavo ("Neotif") in 28 countries. Three enteric-
coated capsules are given on day 1, day 3, and day 5.

966 WHO Bulletin OMS. Vol 72 1994



Vaccination against typhoid fever

Table 6. Comparison of protective efficacy of Ty2la oral vaccine in different formulations
(liquid, enteric-coated capsules (ECC), and gelatin capsules), compared with placebo, in
Egypt, Chile and Indonesia.

Vaccine formulation Efficacy Efficacy compared Placeboa

Egypt Liquid + NaHCO3 96% - 50
Chile (Occidente) ECC/gelat. caps 66% ECC, 19% gelat. ECC > gelatin 110
Chile (Oriente) Liquid/ECC 35% ECC, 76% liquid Liquid > ECC 100
Indonesia Liquid/ECC 42% ECC, 53% liquid Liquid > ECC 810
a Figures are the incidence of TF, among those using placebo, per 100 000 per year.

genic and to induce serum anti-O antibodies and
antibody-secreting cell (ASC) responses to the 0 and
H antigens that were somewhat better that those seen
after administration of Ty21a. Moreover, the vaccine
organism could not be recovered in blood cultures.
However, febrile adverse reactions (accompanied by
bacteraemia) and loose stools were observed in some
individuals who received this vaccine strain used as
a live vector carrying a plasmid encoding a hepatitis
B virus antigen.

Miller (28) from Boston constructed a mutant
strain PhoP. It is a derivative of S. typhimurium with
mutation on the virulence regulon which is com-
posed of the PhoP (transcriptional regulator) and
PhoQ (environmental sensor) proteins, and the
genetic loci which they regulate positively (pags for
activated genes) and negatively (prgs for PhoP
repressed genes). Three regulated loci (pagC, pagD
and prgH), when singly mutated, affect the virulence
of S. typhimurium for mice. The phoP, phoQ, pagC
and pagD genes are highly conserved between
S. typhimurium and S. typhi.

Mutation affecting biosynthetic pathways
Another approach involves mutations in genes
affecting biosynthetic pathways that render the strain
dependent for growth on substrates that are unavail-
able in mammalian tissues. The deletion mutation of
gene Aro creates a requirement for several aromatic
compounds including p-amino-benzoic acid (PABA)
for synthesis of folates, and dihydroxy benzoic acid
(DHB) for synthesis of iron chelator enterochelin,
which are not mammalian metabolites. A second
deletion mutation, at gene pur A, causes a specific
requirement for adenine (or an assimilable com-
pound such as adenosine). These nutritional require-
ments render the strain unable to sustain growth in
mammalian tissues.

This approach was chosen by Levine and co-
workers (23) at the Center for Vaccine Development
in Baltimore to construct strain 541Ty (Aro-, pur-,
Vi+) and a Vi-negative variant strain 543 Ty (Aro-,
pur-, Vi-). In a clinical evaluation for safety and

immunogenicity, these two strains caused no adverse
reactions in 37 adult American volunteers who
ingested doses as high as 1010 vaccine organisms
with buffer. A good cellular immune response was
obtained (24). However, only meager humoral
responses were induced in a small percentage of vol-
unteers. The mutation in two separate biosynthetic
pathways in strains 54lTy and 543Ty apparently
resulted in overattenuation. On the basis of these
observations new constructs have been prepared that
involved mutations in only a single biosynthetic
pathway.

Levine, Hone and co-workers then created an
attenuated S. typhi vaccine candidate, CVD 906 (15),
by introducing precise deletion mutations in two
genes aroC and aroD involved in the amino acid
biosynthesis pathway. These mutations render the
S. typhi nutritionally dependent on substrates PABA
and DHB, which are lacking or available in only low
concentrations in human tissues. CVD 906 is a deriv-
ative of wild type S. typhi, ISP 1820. When given in
one dose of 5 x 107 CFU it elicited a good humoral
and mucosal immune response in 80% of U.S. volun-
teers; no Vi antibodies have been recovered in sera
and 2 out of 9 volunteers got diarrhoea. Because of
its reactogenicity, another candidate vaccine, CVD
908, has been constructed on a similar model from a
less invasive strain (44). CVD 908, based on aroC
and aroD mutations of the parent strain Ty2, has
been tested in human volunteers at the University of
Maryland. First results showed no side-effects at a
single dose of 5 x 104 to 5 x 108 organisms and a
good response in IgA anti-LPS antibody-secreting
cells. However, systematic daily culturing of blood
from vaccinees during the first 12 days following
ingestion of CVD 908 vaccine resulted in isolation
of the vaccine strain from the majority of volunteers
(50% at 106 to 100% at 108) on one or more days
from the fourth to the tenth day after vaccination.
None of these vaccinees manifested adverse reac-
tions. CVD 908 was also well tolerated by 24 sub-
jects when it was utilized in a dose of 107 organisms
as a live vector expressing foreign antigens of Plas-
modium falciparum or of pathogenic bacteria.
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As CVD 908 vaccine enters phase II clinical
trials to assess its safety and immunogenicity in larg-
er numbers of subjects, attention will be paid to deter-
mine if there is any clinical significance associated
with the isolation of vaccine organisms from blood
cultures during the 4-10 days after vaccination. Fur-
ther studies are planned to examine whether such a
bacteraemia constitutes a major safety concern.

Typhoid fever control
Potential role of vaccination
Many questions should be posed by public health
authorities before deciding to vaccinate a large num-
ber of people. Which groups should be vaccinated?
Which immunization schedules should be used?
What is the conservation time of the vaccine and the
duration of protection? What kind of recommenda-
tions should be given?
Groups to be vaccinated. Of the new typhoid vac-
cines previously described, only Ty2la and Vi vac-
cines are currently available for practical use. Ty21a
in enteric-coated capsules and purified Vi polysac-
charide are already licensed in many countries. Little
is known about the safety and immunogenicity of
both these vaccines in infants. Murphy (30), in a pre-
liminary study in Chile, has shown that Ty21a is not
always well tolerated in infants and toddlers, particu-
larly those aged 6 to 24 months, and elicits a much
smaller serum antibody response compared with that
in older children. However, Murphy used a particular
formulation of Ty21a, i.e., by opening the coated
capsules and diluting the powder in distilled water
(dilution in milk was impossible). Olanratmanee (32)
and Cryz (4) studied the safety and immunogenicity
of Ty2la in a liquid formulation in Thai children
aged 4 to 6 years of age. The immune response to Vi
vaccine is currently being studied in children aged
6 months to 4 years, the first results showing a
good immune response in all children during the
first 3 months of follow-up, with a slight decrease
in the level of antibodies in the youngest children.

If these two vaccines are to be incorporated into
national programmes their use may be focused on
school-age children who account for the highest inci-
dence of TF and are amenable to school-based
immunization programmes; both vaccines are protec-
tive in this age group. However, in some countries
this age group may not be well represented in the
school population. In industrialized countries, Ty21a
or Vi vaccines may be recommended to prevent TF
among clinical microbiologists and to protect travel-
lers above 5 years of age.

Cold chain. Ty2 1 a must be kept refrigerated and
requires a cold chain; freezing will not harm the vac-

cine. In contrast, the Vi PS vaccine is not adversely
affected by elevated temperatures in tropical areas
and probably requires no cold chain.

Immunization schedules. Oral vaccine Ty2Ja: three
oral doses of Ty21a in enteric-coated capsules are
given on day 1, day and day 5. The level of protec-
tion can be increased by administration of a fourth
dose of enteric-coated vaccine or by using a liquid
formulation on day 7. The oral route is usually well
accepted and facilitates mass administration by non-
professionals.
Parenteral Vi vaccine: A single parenteral inocula-
tion with purified Vi vaccine gave similar levels of
protection for at least 2-3 years after vaccination
(efficacy, 65-70%). It acts as a T-cell independent
antigen and did not develop increased titres of Vi
antibody after a booster dose.

Durability of protection. According to the results of
field trials, three doses of Ty2la in enteric-coated
capsules provided the same level of protection
(>60%) for at least seven years. No large follow-up
report has been published on the level of protection
of the Vi vaccine; however, a good anti-Vi antibody
level was recovered three years after vaccination
(42).

Recommendations. A meeting (in Geneva, October
1993) of the Task Force (J. Sadoff, J. Clemens, J.
Holmgren, M.M. Levine and J. Mekalanos) from the
WHO/UNDP Programme for Vaccine Development
evaluated the currently available anti-typhoid vac-
cines, defined their use in public health, and made
the following recommendations:
(1) The reactogenicity of the current heat-phenol
killed typhoid vaccine negates its usefulness as a
public health tool. Countries wishing to incorporate
vaccination against typhoid as a routine control
measure should strongly consider use of either Vi
polysaccharide or Ty21a vaccines. Current evidence
overwhelmingly supports use of the liquid formula-
tion rather than enteric-coated capsules of the Ty21a
vaccine.

(2) For foutine vaccination programmes, school-
based vaccination may be appropriate in some areas;
where there is limited school attendance the incorpo-
ration of typhoid vaccination into the current EPI
schedule may be preferred. Unfortunately, the latter
strategy cannot be pursued until a suitable, safe and
protective vaccine is found for administration to the
EPI-targeted age groups.

(3) The decision to incorporate vaccination against
typhoid into a country's immunization programme
should ideally be based on careful consideration of
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the local epidemiology of typhoid, including age-
specific incidence and subpopulations at particularly
high risk, as well as quantitative analysis of the costs
and benefits of the typhoid vaccine to be included.
(4) Further research, supported by WHO, is required
for both Ty2la and Vi vaccines on the following
issues:

(a) More information is required about the
immunogenicity and safety of these vaccines when
administered to infants at the age scheduled for
measles vaccine (9 or 12 months in most typhoid-
endemic areas). Such studies should not only eval-
uate immune responses to each vaccine at this age,
when compared with administration at an older age
(e.g. 24 months), but also assess whether the typhoid
vaccine interferes with responses to simultaneously
administered measles vaccine.

(b) If studies outlined in (a) yield encouraging
results, the efficacy of the typhoid vaccines, co-
administered with measles vaccine, should be for-
mally evaluated in a population with endemic
typhoid.

(c) Because the duration of protection conferred
by Vi vaccine is uncertain, information about this
parameter is needed from field trials conducted in all
age groups.

(d) Because epidemiological idiosyncrasies of
different field sites, such as the intensity of S.
typhi infections, may modify the level of protection
for any given vaccine, the efficacy of Ty2la and Vi
vaccines from different field trials should be com-
pared when administered contemporaneously to the
same population.

(e) Because Ty21a and Vi vaccines appear to
protect via different immunological mechanisms and
because each vaccine confers only moderate protec-
tion, it is of great interest to assess whether com-
bined administration of the vaccines improves pro-
tection. This assessment should ideally be
undertaken with a formal field trial.

(f) For countries deciding to incorporate Ty2la
or Vi vaccine in public health control programmes,
phase-4 evaluations of safety and efficacy, using
observational designs such as case-control studies,
should be strongly encouraged.
(5) Commercial producers of Vi and Ty2la typhoid
vaccines should be encouraged to work with typhoid
endemic countries to enable local production of the
vaccine with suitable quality control procedures.

Conclusion
Because of the reactogenicity of the parenteral,
killed whole-cell typhoid vaccine, research was

directed towards oral vaccination using live organ-
isms, which have been effective in public health pro-
grammes. The widespread application of Ty2la, one
such oral vaccine, can result in a "herd immunity"
effect.

Some new vaccine strains prepared by genetic
engineering could improve the currently obtained
results. For example, it would be interesting to get an
immunizing regimen that could elicit Vi antibody
besides the non-Vi humoral and cellular immune
response stimulated by an attenuated S. typhi. A Vi-
positive mutant of Ty2la (3, 43), when given by the
oral route, was built for that purpose, but was unable
to elicit Vi serum antibodies as in naturally infected
patients with S. typhi (26% of them developing Vi
seroconversion). However, protective efficacy (pro-
vided either by Ty2la vaccine or by Vi vaccine) sug-
gests combined immunization using oral Ty21a and
parenteral purified Vi.

Resume

La vaccination antityphoidique: situation
La fievre typhoTde, important probleme de sant6
publique pour de nombreux pays en developpe-
ment, a toujours ete sous-estimee. Elle est res-
ponsable de plus de 600 000 d6ces par an. A
cause des r6actions secondaires entrain6es par le
vaccin tu6 administre par voie parenterale, les
recherches ont ete orientees vers la vaccination
par voie orale a I'aide d'antigenes purifies ou de
bact6ries entieres. Le vaccin Ty2la, donne par
voie orale, a 6t6 largement utilis6 au cours de plu-
sieurs 6tudes dans les pays en d6veloppement.
Sa presentation sous forme liquide s'est r6v6l6e
la plus efficace: il confere une protection sup6rieu-
re a 60% apres 7 ann6es de suivi. Un vaccin
polysaccharidique Vi a 6te mis au point et la pro-
tection est superieure a 65% apres 2 annees de
suivi. Trois ans apres vaccination, les anticorps
anti-Vi atteignent toujours un niveau elev6.

Ces deux vaccins sont candidats a un usage
en sant6 publique. Cependant, avant d'etre utilises
dans ce but, leur innocuite et leur immunogenicite
devront etre 6valu6es a l'age auquel les vaccins
du PEV sont donnes. De plus, il faudra egalement
v6rifier que l'administration du vaccin antityphoi-
dique n'interfere pas avec la reponse immunitaire
stimul6e par le vaccin antirougeoleux.

De nouveaux vaccins vivants administrables
par voie orale ont ete mis au point par genie
genetique. Les premiers resultats sont tres pro-
metteurs, mais il faut encore les ameliorer avant
qu'ils puissent etre utilises a grande echelle. Is
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pourront 6galement servir de vecteurs vivants
pour produire des antigenes au niveau de la
muqueuse intestinale, entrainant ainsi une repon-
se immunitaire de cette muqueuse.
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