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ABSTRACT

This review of literature was conducted to explore the various aspects of typhoid fever in Nepal
and to identify the factors concerned in the possible use of the Vi polysaccharide typhoid fever
vaccine in Nepal as the tool for prevention and control. There are hotspots of Typhoid fever
in developing countries, urban areas and slums, where poor conditions of safe drinking water
and sanitation prevail. The use of currently available typhoid fever vaccines, especially the Vi
polysaccharide vaccine has been recommended by World Health Organization to control typhoid
fever in endemic areas. However, factors like, the burden and the changing epidemiological
pattern of the disease, efficacy of the vaccines, ease for intervention, cost effectiveness, financing,
and programmatic issues should be considered in local settings before the introduction of
vaccines as a public health tool for prevention. We concluded that the possible use of currently
available Vi polysaccharide vaccine to control endemic typhoid fever in Nepal might not have
the same positive impact as reported in trials from different Asian countries. The major issues
to be considered are emergence of Salmonella Paratyphi A as a major cause of enteric fever,
no difference in prevalence of typhoid fever in preschool and school children, similar clinical
profiles and severity of typhoid and paratyphoid fever. So, an ideal vaccine that can provide the
protection both to typhoid and paratyphoid fever, and the vaccination programs that also includes
preschool children would be the best option for Nepal.

1. Introduction

Typhoid fever is caused by Salmonella enterica(S.
enterica) Serovar Typhi, a Gram—negative bacteria of family
Enterobacteriaceae. Salmonella paratyphi (S. paratyphi)
A and B can cause paratyphoid fever, which is a similar
but somewhat less serious illness. The term enteric fever
includes both typhoid fever and paratyphoid fever. There
are hotspots of typhoid fever in developing countries, urban
areas and slums, where poor conditions of safe drinking
water and sanitation prevail. Prevention and control of
typhoid fever in endemic areas can significantly reduce the
morbidity, mortality, costs of hospitalization, treatment and
other associated costs. The provision of safe drinking water,
sanitation and use of preventive vaccines has been often
discussed as effective prevention and control strategy for
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typhoid fever in endemic areas. The former two interventions
require high political will, economic resources, and
often take much longer period of time in resource poor
countries. The use of currently available typhoid fever
vaccines, especially the Vi polysaccharide vaccine has
been recommended by World Health Organization to control
typhoid fever in endemic areas. However, factors like the
burden and the changing epidemiological pattern of the
disease, efficacy of the vaccines, ease for intervention, cost
effectiveness, financing, and programmatic issues should
be considered in local settings before the introduction of
vaccines as a public health tool for prevention. This paper
discusses about the issues regarding the possible use of Vi
polysaccharide typhoid fever vaccines in control of endemic
typhoid fever in Nepal.

The global estimation of typhoid fever in 1986 showed a
total of 16 million cases with 600 000 deaths each yearill.
Recently, Crump et all2] estimated 21 million illnesses and
216 510 deaths in 2004 due to typhoid fever, and a total of
5.4 million cases of paratyphoid fever. Asia, particularly
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South Asia has been described as the hotspot of typhoid
fever. A multicenter study including five Asian countries
viz. China, India, Pakistan, Vietnam and Indonesia reported
highest burden in Pakistan with the incidence of 451.7/100000
population/year and China had the lowest burden with
incidence of 15.3/100 000 population/yeari3l.

2. Enteric fever in Nepal

Enteric fever is one of the major public health problems
in Nepal and the incidence of typhoid fever is estimated to
be more than 100/100 000 cases per yeari2l. Murdoch et all4]
has reported enteric fever as one of the common causes for
adults to visit health facilities in Nepal. Many outbreaks of
enteric fever occur in urban areas, during rainy seasons,
probably due to contamination of drinking water system with
sewerage. A bacteriologic analysis of urban water supply
of Kathmandu valley reported that 14% of samples from
different sampling points were contaminated with S. enterica,
of which Salmonella typhi (S. typhi) and S. paratyphi
contributed to more than 50% isolatesl5l. A massive outbreak
of multi—drug resistant S. typhi with total cases of 5 963
within in a 7 weeks period was recorded during the summer
of 2002, in Bharatpur, Nepall6l. The emergence of multi-drug
resistance in S. typht as well as in S. paratyphi might be a
big problem in the future, both in terms of case fatalities
and cost for treatment, if effective prevention and control
strategies are not implemented in a timely manner. There
have been reports of complete resistance to Ciprofloxacin
from Pakistan and India, otherwise previously considered
as a very effective antibioticl7l. In Nepal, Pokharel et all8]
reported 5% prevalence of MDR (resistance to two or more
antibiotics) among isolates S. enterica. Similarly, the largest
single point source outbreak of multi—drug resistant typhoid
fever outbreak with crude attack rate of 64.9/1000 population
has been described from Bharatpurl6l, Nepal indicating
toward a possible disastrous morbidity, and mortality from
the outbreaks that might occur in future.

Studies from Nepal suggest a similar burden of typhoid
fever in preschool children and school children, and a
relatively higher proportion of S. paratyphi as a causative
agent of enteric fever. Most importantly in Nepal, there is
no difference in clinical symptoms as well as in severity of
illness in typhoid and paratyphoid fever, and the proportion
of patients with typhoid and paratyphoid fever is similar{9.10].
So, any of the program targeting only for typhoid fever
would not be a real solution to the problem of enteric fever
in Nepal. One of the largest studies conducted in a hospital
of Kathmandu valley reported that among the total enteric
fever cases, 70.7% were due to S. typhi and 29.3% were
due to S. paratyphi A. The study also reported that the
isolation rate of S. typhi and S. paratyphi A in the period of
2001-2003 was more than double compared to three years
period earlier(11]. Similarly, a recent study from a Periurban
area of Kathmandu reported that among the total cases of
enteric fever, only 34.6% were caused by S. typhi and 65.4%

caused by S. paratyphi A, with most of the cases in the age
group of 1—15 yearsl12]. The global estimation of typhoid
fever burden showed that children of age group 5-15 years
were the mostly affected onesl2l. However, a hospital based
study among children presenting with febrile illnesses in
Kathmandu showed that there was no significant difference
in occurrence of enteric fever in the age group of 1-5 and
6—10 years[13l. According to another hospital based study
outside Kathmandu Valley, more than 50% of positive blood
cultures from patients presenting with febrile illnesses were
due to S. typhi and S. paratyphill4l. Tt is very difficult to
estimate the incidence of enteric fever from hospital based
surveys in Nepal, as most of the febrile illnesses are treated
as outpatients, and many of the patients get the antibiotics
from the private pharmacies without any type of diagnosis.
There is no representative population based and age
stratified data describing the incidence of typhoid fever in
Nepal. Most of the published papers related to epidemiology
of typhoid fever do not provide reliable data to inform and
guide the policy makers to plan effective interventions.
However, most of the studies indicate towards a high burden
of enteric fever in Nepal.

3. Vi polysaccharide typhoid fever vaccine

Currently, two types of typhoid vaccines have been
licensed. One is capsular polysaccharide based subunit
vaccine, the Vi vaccine, which is administered parenterally
(intramuscular or subcutaneous) and another is live
attenuated oral vaccine, the Ty2la vaccine, which is
administered orally. The use of Ty2la vaccine for public
health programs is not favored much, possibly because
it should be administered in 3 doses every other day, as
well as due to other programmatic issues. The inactivated
whole cell vaccine against Typhoid fever is also available,
but its usefulness is mainly limited by its high rate of
reactogenicityl1sl.

The Vi polysaccharide vaccine is much studied and
mostly advocated vaccine to control typhoid fever in
endemic areas. The protection by Vi vaccine starts after
7th day of vaccination whereas the peak level of antibody
protection rises on 28th day. The vaccine can only be given
to individuals older than 2 years. Revaccination is essential
in every three years to maintain the effectiveness(l6l.
The efficacy of Vi vaccine has been proved in various
randomized trials. One of the earliest trials was conducted
in Nepal among 6 907 individuals aged 5-44 years. The
study showed 75% efficacy up to 17 months of follow upl!71.
Similarly, another efficacy trial in South Africa showed that
the protective efficacy was 64% in follow up period of first
21 months, which decreased to 55% after 3 years(18]. The
public health impact of Vi polysaccharide vaccine has been
demonstrated in China by a mass vaccination program.
The program was implemented to vaccinate school aged
children, student and food handlers in 1995, with repetition
of vaccination in every 3 years and evaluated in 2006. After
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10 years, there was tremendous decrease in incidence from
prevaccination average of 47/100 000 in general population
and 61/100 000 in students to 0.2—4.5/100 000 in all study
groupsl15l. The efficacy trials conducted earlier had focus
only on the efficacy above the age group 5 years. However,
a recent randomized control trial from the urban slum of
Kolkata has demonstrated 80% protection in age group of 2—5
years, and has demonstrated herd immunity with 44% level
of protection in spite of only 61% coverage. The study also
reported an overall efficacy in all age groups and efficacy in
all residents of the Vi vaccine cluster was found to be 57%[191.
However, the Vi vaccine has some important drawbacks.
The Vi polysaccharide vaccine relies on T—cell independent
production of antibodies which lacks the immunological
memory, and the second dose of vaccine would not have
booster effect, so should be repeated on every three years.
However, the Vi conjugated vaccines with recombinant
Pseudomonas aeruginosa Exotoxin A (rEPA) has potentiality
to overcome the problem. The field trial of such conjugated
Vi vaccine in Vietnam showed a more than 90% of efficacy in
children aged 2-5 years[20l. However, the Vi vaccine can not
induce the mucosal immunity, which means it can not target
the pathogen early during the route of infection. The mass
vaceination programs requires huge amount of needles and
syringe, so safe disposal of large amount of biohazardous
waste is another problem in resource poor settings like
Nepal. The Vi vaccine does not show any cross protection
against S. paratyphi related enteric fever as S. paratyphi
lack the Vi antigen. So, in a country like Nepal where there
is increasing trends of S. paratyphi related enteric fever,
the possibility to use Vi vaccine as a tool for prevention and
control of only typhoid fever should be judged critically.

4. Challenges

The implementation of mass vaccination programs for
typhoid fever is challenging, since the vaccines do not fit in
expanded program on immunization (EPI) schedule as well
as the efficacy in clinical trials is not so higher. However,
the diseases of most impoverished (DOMI) program funded
by Gates foundation is conducting researches to provide
sufficient information on epidemiology, and economic
analysis to guide for the introduction of typhoid Vi vaccine in
targeted Asian Countries(2ll. A recently published Vi typhoid
vaccine cost effectiveness study in four urban areas of Asia
has shown that Vi vaccine is cost effective in vaccinating
children in slums of Kolkata, Karachi and North Jakarta,
according to the WHO definition of cost effectiveness, but
not in Hue (Vietnam)22]. The study also showed that the
vaccination cost per children in Indian slum of Kolkata
constitutes about one fourth of per capita total public
investing in health(22l. So, for low income countries like
Nepal the government has difficulty in managing sufficient
resources to spend for the public programs in vaccinating
with typhoid vaccines. The way of financing through the
donor agencies, also remains unclear as the vaccine itself is

not fitted to the EPI schedule, less duration of protection and
there is need for revaccination. The need for introduction of
an effective vaccine is more or less justified in the endemic
area of Asian countries, as indicated by the higher incidence
of disease, emergence of drug resistance. However, there
is no clear cut plan for financing the program, neither from
the national governments nor from the donor agencies.
A contingent valuation survey from Kolkata, India has
demonstrated the possibility of introducing user fees in
typhoid vaccination programs and they anticipate sufficient
private demands of the vaccinel23]. The Global Alliance
for Vaccine and immunization (GAVI) on its working group
meeting on vaccine investment strategy on 2008, decided
that the currently licensed typhoid vaccines are not ideal
to implement in GAVI eligible countries, mainly because of
its small duration of protection and need for revaccination
after three years. The working group showed preference
to conjugated Vi vaccine, however it decided that it is not
suitable for GAVI market as there is only a single producer
of vaccine for the time being241.

The target areas for the typhoid fever vaccination
campaigns should be the high risk population of the high
endemic areasl!sl. A study from North Jakarta, Indonesia
has demonstrated the feasibility of primary school based
Vi typhoid fever vaccination program with coverage of 91%,
however, the project used the already existing school based
vaccination platformi(25l. Another study in Hue city, central
Vietnam has also reported the feasibility of school based
Vi vaccination campaign in terms of safety, logistics, and
coverage, however the coverage was only 57.5%I26]. Recently
the Vi conjugate typhoid vaccine (Vi-rEPA), evaluated
among infants has shown to be safe and able to elicit the
protective levels of TgGI271. Similarly, in an effort to develop
an affordable and broadly protective vaccine against enteric
fever, Novartis vaccine institute for global health has started
its first program on developing a multivalent vaccine
protecting against S. Typhi and S.paratyphi Al28]. In Nepal,
the available data suggests that the urban areas with poor
supply of unsafe drinking water, and sanitation have the
high burden of typhoid fever, and should be the target area
for prevention. However, there have been no recent research
to discuss, the feasibility, acceptance, coverage, primary
school based mass vaccination programs in the urban areas
of Nepal, with high population density, as for example
Kathmandu Valley.

In conclusion, the possible use of currently available Vi
polysaccharide vaccine to control endemic typhoid fever in
Nepal might not have the same positive impact as reported
in trials from different Asian countries. The major issues
to be considered are emergence of S. paratyphi A as a
major cause of enteric fever, no difference in prevalence
of enteric fever in preschool and school children, similar
clinical profiles and severity of typhoid and paratyphoid
fever. So, an ideal vaccine that can provide the protection
both to typhoid and paratyphoid fever, and the vaccination
programs that also includes preschool children would be
the best option for Nepal. Further good quality researches
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describing the epidemiology of enteric fever and economic
analysis for interventions are essential to inform health
policy makers and guide them for appropriate decision
making in controlling endemic enteric fever in Nepal.
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