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Abstract
Salmonella typhi is the causal organism for the typhoid fever.
Typhoid disease is a problem in those developing countries where
lack of sanitation, poor water supplies and exposure to unhygienic
and polluted environment is a part of routine life of majority of
population. Salmonella typhi expresses various virulence antigens like
H-antigens, O-antigens and Vi antigens which plays vital role in the
infection and pathogenesis of the bacteria. Salmonella typhi causes
fever, nausea, headache, body fatigue and bowel related complications
in the patients. This disease had been diagnosed by culture method,
Widal test for past several decades. These diagnostic techniques
are being replaced by the modern assays like ELISA, Dot blot ELISA,
DipStick Assays, RT-PCR and other molecular assays. The evolution
in diagnostic assays had occurred as the antibiotic resistance in the
Salmonella typhi had shown an increase. The Salmonella typhi had been
evolved into a multidrug resistant bacteria which need to be timely
diagnosed to start the appropriate and correct treatment of typhoid
to prevent further complications. This article imparts a brief glimpse
on Salmonella typhi, typhoid fever and diagnostic assays available at
clinical laboratories. There is a need to focus on the correct and rapid
diagnostic methods which should be modified and made accessible to
the clinical diagnostic laboratories.
Keywords: Salmonella typhi; Virulence Antigens; Typhoid;
Vaccines; Diagnosis

Abbreviations

ELISA:Enzyme Linked Immunosorbent Assay; RTPCR:Reverse Transcriptase Polymerase Chain Reaction; S.
typhi:Salmonella typhi; DNA:Deoxyribo Nucleic Acid; NTS:Nontyphoidal Salmonella; LPS: Lipo Polysaccharide

Introduction

Enteric fever causes substantial illness and deaths in
many parts of world, especially in poorer nations. ‘Enteric fever’
term is used to refer the typhoid and paratyphoid fever. Typhoid
fever is one of the major bacterial infections worldwide especially
in countries located south of the globe, which is caused by the
infection of Salmonella typhi.
Typhoid fever is an acute generalized infection of the
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reticulo-endothelial system, intestinal lymphoid tissue and gall
bladder caused by Salmonella enteric serovar typhi. Salmonellae
are the member of the family Enterobacteriaceae. Salmonella
enteric serovar typhi (S. typhi) is a facultative intracellular
pathogen that causes typhoid fever in humans [1]. The organisms
are non-capsulated, non-sporulating, Gram-negative anaerobic
bacilli, which have characteristic flagellar, somatic, and outer coat
antigens [2]. Typhoid is restricted to human hosts and humans
constitute the reservoir of infection. A broad spectrum of clinical
illness can follow ingestion of Salmonella typhi with more severe
forms being characterized by persisting high fever, abdominal
discomfort, malaise and headache. Prior to the availability
of antibiotics, the disease ran its course over several weeks,
resulting in fatality [2].

The true burden of enteric fever in developing
countries is difficult to estimate due to atypical clinical symptoms
and subclinical infection similar to other febrile illnesses,
making typhoid fever in endemic areas common, serious and
increasingly difficult to treat as it remains unrecognized often
[3,4]. In developing countries the improper medical facilities,
ineffectiveness of diagnostics and lack of high standards in
diagnostic laboratories had evolved typhoid as one of the
complicated a health threats [5]. If the disease go undiagnosed
in context to unavailability of definitive diagnostic procedures
than it can lead toward the fatal complications like intestinal
perforations [6]. Therefore, diagnosis based on clinical signs
and symptoms alone is difficult. The emergence of multidrugresistant S. typhi strains and development of the typhoid carrier
state have further complicated the management of typhoid fever.
Delay in diagnosis and initiation of antibiotic treatment can cause
serious clinical complications and fatality. Thus, early and correct
laboratory diagnosis of typhoid fever is critical to reduce the
morbidity and mortality, as well as restrain transmission of the
disease [7,8,9,17].
Current widely used methods for the diagnosis
of individuals with enteric fever include bacterial culture,
microscopy and serological assays, specifically the Widal test,
which have been recently reviewed by Bhan et al. (2005), Bhutta
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(2006), Kundu et al. (2006), Wain &Hosoglu (2008) and Parry
et al. (2011) [10,11,12,13,14]. Molecular diagnostics of enteric
fever, in particular nucleic acid amplification by Polymerase
Chain Reaction (PCR), have been growing rapidly in last decade
although they are confined within the research setting.

The typhoid bacilli was first observed by Eberth in 1880
in mesenteric nodes and spleen of fatal cases of typhoid fever and
was isolated by Graffky, hence named as Eberth-Gaffky bacillus
[15]. Historical records teach us a great deal about typhoid feverthe high disease burden and deadly consequences of the disease;
and major routes of transmission. As early as 430 BC, a pernicious
plague annihilated half the population of Athens, bringing to an
end the “Golden Age of Athens,” and is now believed to have been
typhoid fever based on DNA examination of dental pulp. “Typhoid
Mary” has become synonymous with the spread of the disease
for more than a century, and William Budd, an English physician,
demonstrated that typhoid fever could be transmitted through
water sources in the 1870s. Thus, the person-to-person spread of
the disease through food handling or via contaminated water has
been documented for >100 years [16].
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Classification
Ewing (1963) proposed a system of classification
of the Enterobacteriaceae based on comparative studies of
the biochemical reactions given by relatively large number of
cultures of each genus and species within the family. The work of
Fitts et al. (1983) confirms at the gene level that the salmonellae
constitute a distinct group. Using one strain of S. typhimurium,
10 unique sequences of DNA were isolated that appeared to
specifically hybridize with all the Salmonellae examined by the
DNA-DNA hybridization technique [20].
The classification of Salmonella has been controversial
for many years. Historically, the Salmonellae have received
species rank based on their antigenic structure, more specifically
on their Flagellar (H) and Somatic (O) antigen components. On
this basis, Kelterborn gives a comprehensive account of the first
isolation and geographical distribution of nearly 2,000 Salmonella
serotypes. This compilation was based on the terminology
introduced by Kauffmann and White. To date, there are more than
2,600 serotypes identified within the Salmonella enterica species
[17,18,19]. A brief description of Salmonella species was given by
Achtman M, et al. (2012) described as in (Figure 1).

Figure 1: Details of classification and differentiating characteristics of Salmonella

Antigens

Salmonellae are Gram-negative, flagellated, Facultative
anaerobic bacilli possessing three major antigens: H or flagellar
antigen; O or somatic antigen and Vi antigen.

H antigen: Flagella confer motility to Salmonella and have been

employed as one of the main antigenic determinants used for
serotyping Salmonella isolates. The external body of the flagellum
is mainly constituted by a homopolymer of flagellin, organized
in a helicoidal distribution, presenting an exposed central
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domain that is highly variable among the different serovars and
conserved N and C-terminal regions that are responsible for
the polymerization of flagellin to form the flagellum [21]. The
variability of the central domain of flagellin is reflected in the high
number of serovars described for the Salmonella genus.

The H or flagellar antigens, are heat-labile proteins
located in the flagella. The H antigens in salmonellae have the
almost unique character of biphasic variation. H antigens may
occur in either or both of two forms, called phase 1 and phase
2 the organisms tend to change from one phase to the other.
The H antigen of Salmonella comprise a large number of factors
arranged in different combinations in the different serotypes
[22]. Traditionally, Salmonella has been classified in serovars
using defined procedures of agglutination, based on the different
antigenic varieties of O and H surface antigens that correspond to
LPS and flagellin molecules [23]. In most salmonellae the flagellar
antigens exists in two alternative phases to identify a serotype
completely it is necessary to determine the antigenic factors
present in both phases.
Traditionally, serotyping was conducted using polyclonal
antisera that were generated by inoculation with the desired
strain and adsorbed with a set of related strains to increase
the specificity of the resulting antiserum [24]. In the case of H
antigen, preparation of specific antiserum was facilitated by the
use of purified flagellin for immunization, although the presence
of conserved regions in the molecule among different serovars
originated possible cross-reactions depending on the procedure
used for antiserum generation [25,26]. Upon the widespread use
of techniques for Monoclonal Antibody (MAb) generation, several
MAbs for strain serotyping have been described [27,28]. The
availability of strain-specific MAbs for serotyping provides many
advantages, such as using a molecularly defined homogeneous
reagent that can be produced in high scale and basically without
restrictions of quantity [29].

O antigen: Lipo Polysaccharide (LPS) is composed of a

lipid a tail, which anchors the LPS into the membrane; a core
oligosaccharide; and an O-antigen side chain. The O antigen is
not a single factor but a mosaic of two or more antigenic factors.
Salmonella is classified into a number of groups based on the
presence of characteristic O antigen on the bacterial surface [15].
The O polysaccharide have a core structure that is common to
all enterobacteria and side chains of sugars attached to the core
determine O specificity [22]. The O-antigen side chain of the lipo
polysaccharide is an immunodominant antigen, can define hostpathogen interactions [30].

The O antigen is a heat-stable polysaccharide part of
the cell wall LPS. O antigens occur on the surface of the outer
membrane and are determined by specific sugar sequences
on the cell surface [31]. The surface-exposed O-antigen side
chain protects the bacterial cell from the actions of the innate
immune system [32]. The O-antigen is immunogenic and may
be a functional target for novel vaccines [33,34]. The S. enterica
subspecies is comprised of over 2,600 serovars, which are
based on differences in the antigenic properties of the O- and H
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(flagellar)-antigens and form the basis of the Kauffman-White
serotyping system [18,30].

Salmonellae may be classified into ‘chemotypes’ each
of which contains organisms with the same sugars in their side
chains. Chemotypes may include salmonellae with different O
antigens and are serologically distinct because of difference
in the sequence of sugars in the side chains, particularly at the
distal end [22]. During natural infection, antibodies are raised
against LPS and the detection of S. typhi O-antigen antibodies
forms the basis of the diagnostic Widal test for typhoid [36]. The
composition of the O-antigen can be modified by the activity of
Glycosyltransferase (gtr) operons acquired by horizontal gene
transfer [30].

Vi antigen: The Vi capsular polysaccharide (Vi) is a component

of several members of the family Enterobacteriaceae, including
Salmonella typhi, Salmonella paratyphi C the Vi polysaccharide
acts as a virulence factor by inhibiting phagocytosis, resisting
compliment activation and bacterial lysis by alternative pathway
and peroxidase mediated killing [18,30,37,38,15].
Vi antigen is a superficial antigen overlying the O
antigen; surface polysaccharides that inhibit the agglutinability
of the organisms by homologous O antisera [22]. Bacterial
surface antigens play a key role in determining the interaction
between the pathogen and the host. Studies of the Vi-Ag capsule
have greatly increased our understanding of the pathogenic
mechanisms of S. typhi and continue to yield promising options for
vaccine candidates. The Vi-Ag capsule is important for systemic
dissemination of S. typhi and although the polysaccharide is
absent from the surface of Non-typhoidal Salmonella, NTS are
known to result in extra intestinal infection in up to 5% of cases
[39,40,41].

Transmittance and Host Range

The epidemiology of typhoid fever are human host–
restricted and primarily involves person-to-person spread
because these organisms lack a significant animal reservoir.
Contamination with human feces is the major mode of spread,
and the usual vehicle is contaminated water, food, raw fruits,
vegetables, ice-creams, juices and contact with infected patients
or carrier of the diseases [42]. It has been observed that in
developed countries the source of outbreak is food while in
developing countries the disease spread mostly by contaminated
water [43,44]. Travelers, children, the elderly and immunecompromised individuals are especially at risk. The children
aging 2-10 years and young population up to 25 years of age
irrespective of their sexes suffer from enteric fever and are
admitted to the hospitals in the endemic regions [45,86].

Symptoms and Signs

The genus Salmonella consist of bacilli that are
parasites in the intestine of large number of vertebrae species
and infects human beings leading to enteric fever, septicemia,
with or without focal suppuration and the carrier state [17].
Recent human challenge studies have also demonstrated that
a proportion of patients develop a subclinical or asymptomatic
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Complications
Typhoid has a high prevalence in tropical countries. The
typical symptoms may not be seen in all patients and the disease
may have unusual manifestations. Typhoid fever may either
be a primary or secondary event leading to acute acalculous
cholecystitis. Routes of gallbladder infection by typhoid bacilli
may be either through blood stream, biliary system or contiguous
infected organs or lymphatics from gastrointestinal tract [61,62].

Figure 2: Transmittance and host range

bacteremia and that fecal shedding can occur in the period
before symptom development, during primary infection [57].
As symptomatic disease develops, the predominant symptom is
the fever [46,48,58]. The temperature rises gradually during the
first week of the illness and reaches a high range of 39 to 40°C
the following week. There is little diurnal variation, although the
pattern may be modified by anti-pyretic medications. Patients
can have influenza like symptoms, a dull frontal headache,
malaise, anorexia, a dry cough, sore throat, and occasionally
epistaxis. Constipation is a frequent early symptom although
many patients will experience diarrhoea at some point. Patients
may have abdominal pain that is diffused and poorly localized.
Nausea is common, and vomiting occurs in more severe cases.
It is unusual for a patient hospitalized with typhoid to have no
abdominal symptoms and normal bowel movements [59].
In case of milder disease, self-medication, or treatment
in health stations, clinics, or as hospital outpatients patients do
not require admission to hospital [49–51]. These improperly
managed cases may be of nonspecific illness that is not recognized
clinically as enteric fever, especially among children under 5
years of age [52–54]. After ingestion of Salmonella serovar typhi
or Paratyphi A, an asymptomatic period follows that usually lasts
1-2 weeks. A higher infecting dose leads to a higher attack rate
and a shorter interval to bacteremia but has no influence on the
time to symptom development or disease severity [55,56].
Clinical syndromes caused by Salmonella infection in
humans are broadly divided into two groups. The first is systemic
infection is characterized by septicemia and ultimate localization
in extra-intestinal sites [101]. The gastrointestinal form is
often referred to as the ‘food poisoning syndrome,’ although
this is a misnomer, as the disease is an infection rather than an
intoxication. The systemic disease is referred to as enteric fever,
it is transmitted by contaminated water or food, and is caused
mainly by Salmonella enterica serovar typhi (typhoid fever) or
Salmonella enterica serovar Paratyphi A, B or C (paratyphoid
fever) [31,60,97].

The disease is characterized by prolonged fever,
and constitutional symptoms including headache, anorexia
and abdominal pain [58]. The systemic involvement in
typhoid fever can result in extra-intestinal complications
such as encephalopathy, meningitis, hepatitis, myocarditis
and pneumonia, while the most common gastro-intestinal
complication is haemorrhage. Neurological complications are
not uncommon. In children, known and reported neurological
complications are encephalopathy, meningism, spastic paralysiscerebral origin, convulsions, meningitis, parkinsonian syndrome,
sensory motor neuropathy, cerebellar involvement, and
schizophrenic psychosis [64,65].
Surgical complications of typhoid usually involve the
small gut rather than the gall bladder and Salmonella typhi is
more common than S. paratyphi. In the gut, it commonly causes
intestinal perforation, resulting in high morbidity and mortality.
It rarely causes acute cholecystitis, gangrene or perforation of
the gall bladder. When these two complications coexist mortality
rate is increased [66]. Intestinal perforation is a potentially fatal
complication of typhoid fever secondary to the inflammation
and necrosis of Peyer’s patches when not treated early and
appropriately. Generally, perforation is a late complication
occurring in the third week of illness, though it is reported earlier
in second week in developing countries for reasons that are not
completely understood [64,67,68].

Pathogenesis

Salmonella pathogenicity is mediated mainly by
horizontally transferred chromosomal regions, encoding sets of
virulence factors enabling the pathogen to successfully infect and
colonize its host [69].

Specialized epithelial cells overlaying Peyer’s patches
known as M cells, are probably the site of internalization of
Salmonella and its transport to underlying lymphoid tissue.
During the bacterimic phase, the organism disseminated widely
and the most common sites of secondary infection are the
liver, spleen, bone marrow, gall-bladder and Peyer’s patches
of the terminal ileum [58]. After penetration, the invading
microorganisms translocate to the intestinal lymphoid follicles
and the drained mesenteric lymph nodes and some can pass onto
the reticulo-endothelial cells of the liver and spleen [71,72]. The
incubation period is usually 7 to 14 days. In the bacteremic phase,
the organism is widely disseminated. The most common sites
of secondary infection are the liver, spleen, bone marrow, gall
bladder and Peyer’s patches of the terminal ileum. Gall bladder
invasion occurs directly from blood or by retrograde spread from
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the bile. Typhoid induces local and systemic humoral and cellular
immune responses, but these do not confer complete protection
against reinfection and relapse [73,74].

Multidrug-Resistance

Multidrug-Resistant (MDR) Salmonella typhi strains
are spreading in various countries of world. Studies have been
conducted to define the antibiogram pattern of Salmonella typhi
and S. paratyphi A and these shows that the multiple antibiotic
resistance is emerging in India [75,76,77]. Multidrug resistant
typhoid and paratyphoid infections are more severe with higher
rates of toxicity, complication and mortality than infections with
sensitive strains. This may be related to the increased virulence
of multidrug resistant Salmonella as well as a higher number of
circulating bacteria [78].

The emergence of drug resistant typhoid has been
another worrying development. After sporadic outbreaks of
chloramphenicol resistant typhoid between 1970 and 1985,
many strains of S typhi developed plasmid mediated multidrug
resistance to the three primary antimicrobials used (ampicillin,
chloramphenicol, and Co-trimoxazole). This was countered by the
advent of oral quinolones, but chromosomally acquired quinolone
resistance in S typhi and S paratyphi has been recently described
in various parts of Asia, possibly related to the widespread and
indiscriminate use of quinolones.
Since the late 1980s, Multidrug-Resistant (MDR) strains
of S. typhi that exhibit resistance to chloramphenicol, ampicillin
and trimethoprim have increased and spread in Southeast Asia,
Central Asia, South America and Africa [79,80]. In recent decades,
~10,000–20,000 typhoid cases have been reported annually in
China, and outbreaks are not uncommon. The emergence of MDR
S. typhi results in the excessive use of ciprofloxacin for typhoid
fever treatment. In the 1980s, ciprofloxacin became the first-line
drug to treat S. typhi infections after most of the conventional
drugs became ineffective. However, resistance to ciprofloxacin
was observed in the early 1990s, and treatment failure with this
antibiotic was reported by the late 1990s [81].

The emergence and spread of Salmonella isolates
presenting resistance to several antibiotics is matter of
concern because these medicines are crucial to the successful
treatment of invasive infections. Since resistance to older
antibiotics (e.g. ampicillin, chloramphenicol and trimethoprimsulfamethoxazole) has been increasing for many years,
recommended treatment options for salmonellosis included
fluoroquinolones (ciprofloxacin) and extended-spectrum
cephalosporins [82,83]. However, resistance to those ‘critically
important antibiotics for human health’ is emerging, leading to
increased severity, morbidity and mortality of diseases and the
need for the use of last-line antimicrobials in therapy [84].
For several decades, the contribution of the food-animal
as a reservoir of antimicrobial resistance with impacts on human
health has been controversial, but accumulating evidence linking
particularly poultry production with human disease have been
reported, namely involving Non-typhoidal Salmonella. In middle-

Copyright:
Copyright: © 2017
© 2017 Arti.B, et.al.
Olsen et al.

income countries such as in the Asiatic continent, resistance to
ciprofloxacin and extended-spectrum cephalosporins is currently
a growing problem, with poultry products playing a potential role
in its emergence [83,84].

Non-typhoidal Salmonellae

Salmonella enterica serovars typhi, Paratyphi A,
Paratyphi B, and Paratyphi C may be referred to collectively as
typhoidal Salmonella, whereas other serovars are grouped as
Non-typhoidal Salmonella (NTS). The Salmonella that induce
human diseases are divided into typhoidal serotypes (S. Typhi and
S. Paratyphi A and B) and thousands of non-typhoidal serotypes
[85]. Salmonellosis is caused by Non-typhoidal Salmonella
enterica serotypes and is typically characterized by a self-limiting
gastroenteritis syndrome, diarrhoea, fever and abdominal pain,
with an incubation period between 4 and 72 hour and mortality
being rare [84]. NTS strains may be host generalists, infecting or
colonizing a broad range of vertebrate animals, or may be adapted
or restricted to particular nonhuman animal species [86].
Transmission of the infection is through the fecal-oral
route via contaminated water and foods. This is the reason
of endemicity in underdeveloped and developing countries
where the sewage systems can mix with drinking water as the
infrastructure are inadequate [87,88]. The Salmonella infection
most commonly presents itself as gastroenteritis, also called
as minor salmonellosis, and usually lasts 3-7 days. Temporary
bacteraemia can be seen in a small number of patients (1-4%) and
some of the patients need to be hospitalized due to dehydration.
A mild increase in C-Reactive Protein (CRP), the Erythrocyte
Sedimentation Rate (ESR) and leukocytosis can be seen [89].

Non-typhoidal Salmonella infection causes 155.000
deaths with 93.8 million diarrhoea cases per year [6]. Among
the gastroenteritis patients in various parts of the world, the
detection of Salmonella is between 2.66 and 15.2% [90]. The rate
of Salmonella detection was 5.2%. In other publications from our
country, this ratio is between 1 and 2.5% [91]. Different rates
of detection are not only dependent on local epidemiological
dynamics but may also relate to the analytical and diagnostic
performances of microbiological methods used for diagnosis
[89]. Recent estimates of typhoidal Salmonella incidence have
varied substantially and NTS estimates are sparse in large part
due to poor access to reliable diagnostics, particularly in low
resource outpatient settings where patients with these illnesses
typically present for medical care [92,93,94,95].
Invasive Salmonellosis is perhaps the most important
infectious disease cluster for which rapid and reliable diagnostics
do not exist. Essentially all enteric fever diagnosis begins with
evaluation of clinical signs and symptoms. For perhaps the
majority of patients with suspected enteric fever worldwide, who
live in settings where diagnostic microbiology is unavailable [95].

Burden of Disease

Typhoid fever is an exclusively human enterically
transmitted systemic disease caused by infection with the
bacterium Salmonella enterica serovar typhi. Worldwide, typhoid
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fever causes 269,000 deaths from 26.9 million new cases each year
[94]. In relation to typhoid fever, it has been widely assumed that
the incidence and mortality is low; that disease principally occurs
in older children and adults; that multidrug resistance, although a
pressure on resources, has little effect on epidemiology; and that
Salmonella typhi within households is due to a common source
rather than multiple sources [44].

Typhoid and S. paratyphoid fevers were included in the
Global Burden of Disease 2010 project, when they were together
estimated to account for 12.2 million disability-adjusted life years
and 190,200 deaths [86,96]. An estimate found that 22 million
new typhoid cases occur each year in the world with some 200,000
of these resulting in death [97]. Although largely controlled in
Europe and North America, typhoid remains endemic in many
parts of the world. Typhoid fever incidence varies substantially
high areas of endemicity include South-central Asia, Southeast
Asia, and Southern Africa [98,99].

The highest number of cases (100 per 100,000 persons/
year) and consequent fatalities are believed to occur in South
Central and Southeast Asia. Typhoid burden suggests that most
of sub-Saharan Africa now experiences typhoid fever incidence
>100 per 100 000 persons per year, with 33 490 deaths, 26.0%
of global typhoid deaths, occurring in Africa [44,97]. On the
Indian subcontinent, Pakistan has the highest incidence (451.7
per 100,000 persons/year) of typhoid fever followed by India
(214.2 per 100,000 persons/year). In the United States, 200–300
new cases are reported annually, most of which occur in travelers
returning from endemic countries [76,97,100].

Prevention and Control

Life Style and Community
The infection by Salmonella typhi can be prevented by
hygienic life style, clean water and fresh food supplies. This simple
method is nearly impossible to achieve in Asian countries due to
unavailability of clean water and hygienic conditions. Typhoid
has been controlled all over the world with the use of various
vaccines and mass vaccination programs in various countries.
As humans are the only reservoir of this faeco-orally
transmitted disease, preventive measures include improvement
of water supply and sanitation facilities. However, instituting
these measures requires a huge investment, making it an almost
unachievable task, especially in resource-poor countries where
they are needed most. For comprehensive control measures, cases
need to be diagnosed early followed by provision of prompt and
appropriate treatment. Carriers need to be identified efficiently
and early treatment instituted [101].

Vaccines

The first vaccines against typhoid fever consisting of
heat-inactivated typhoid bacilli preserved in phenol administered
parenterally, were developed in the late 19th century. Experiences
with implementation of typhoid vaccines in the British and
US military in the early 20th century and subsequent largescale controlled field trials sponsored by the World Health
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Organization documented that the inactivated whole cell vaccines
were efficacious but were highly reactogenic. Whole-cell vaccines
against Salmonella enterica serovars paratyphi A and B were also
developed in the early 20th century and used by the U.S. military
as a trivalent vaccine against enteric fever [102,103]. However,
these whole-cell vaccines lost favor due to their propensity to
produce high fever, severe headache and malaise and gave way
to the development of better tolerated Salmonella vaccines
using other approaches such as parenteral polysaccharide and
polysaccharide-protein conjugate vaccines and live attenuated
oral vaccines [104].
Three types of Salmonella vaccines are licensed: the oral
live attenuated Salmonella typhi Ty21a vaccine and the parenteral
Vi capsular polysaccharide antigen, either unconjugated or
conjugated to tetanus toxin [105–106]. Vi capsular Polysaccharide
(Vi-PS) vaccines confer protection approximately 7 days post
immunization. As is typical for polysaccharide vaccines, they do
not induce protective immune responses in children <2 years of
age [107,108].

Live Attenuated Vaccines

The live oral vaccine is a stable mutant of S. typhi
stain Ty21a, lacking the enzyme UDP-galactose-4-epimease. On
ingestion, it initiates the infection but ‘self-destructs’ after four
or five cell divisions, and therefore cannot induce any illness. The
vaccine is developed in two formulations: enteric-coated capsules
and a liquid presentation. The commercially available entericcoated capsules are intended for use in children >5 years of age
and adults [15,107]. The vaccine is an enteric coated capsule
containing 109 viable lyophilized mutant bacilli. The course
consists of one capsule orally, taken an hour before food, with the
glass of water or milk, on day 1, 3 and 5. No antibiotics should be
taken during this period [15].

There are several advantages of live oral attenuated
vaccines over other vaccine formulations: 1) they can induce
local immune responses at mucosal surfaces; 2) they are
economical to produce; 3) they induce Salmonella-specific B and
T cell immunity; 4) they are practical to administer to a large
population [109,110]. However, there are several limitations to
live attenuated vaccines. First, one needs to balance immunity
and reactogenicity, particularly if the vaccine is to be used as a
live vaccine vector. The vaccine may also need to be formulated
differently for infants. For example, Ty21a at times has been
available in both a sachet formulation for use in young children
as well as enteric-coated capsules for use in older children and
adults [106–111]. Finally, safety of live attenuated vaccines needs
to be determined in immuno compromised subjects and also the
very young prior to wide spread use.

Vi-Polysaccharide Vaccine

Vi vaccine is based on the Salmonella serovar typhi Vi
capsular polysaccharide antigen. It is licensed for children aged
under 2 years. The effectiveness of the parenteral Vi vaccine has
recently been confirmed in young children [112,86]. There are
mainly two types of Vi polysaccharide vaccine: unconjugated and

Citation:
Bharmoria,
Annpurna
Shukla, Kanika
(2017)
Typhoid
as a Challenge
Developing
Countries
and suis
Citation: Arti
Olsen
SC, Boggiatto
P, Wilson-Welder
J, NolSharma.
P, Rhyan
J, et al.
(2017)Fever
Immunogenicity
andfor
Efficacy
of a Rough
Brucella
Elusive
Available for
the Enteric
Int J Vaccine
Res 16.
2(2):1-16.
VaccineDiagnostic
Delivered Approaches
Orally or Parenterally
to Feral
Swine.Fever.
Int J Vaccine
Res 2(1):
DOI: http://dx.doi.org/10.15226/2473-2176/2/2/00118

Page 6 of 16

Typhoid Fever as
a Challenge
Developing
Countries
and Delivered Orally or
Immunogenicity
and
Efficacy offor
a Rough
Brucella
suis Vaccine
Elusive
Diagnostic
Approaches
Available
for
the
Enteric
Fever
Parenterally to Feral Swine
conjugated.

Injectable Vi Polysaccharide (Unconjugated)
Vaccine is a subunit vaccine, first licensed in the United
States in 1994. It contains purified Vi capsular polysaccharide
from the Ty2 S. typhi strain. It is injected intramuscularly. It
is given as a single dose to children older than 2 years with
subsequent shots at every 3 year interval or at least one booster
dose after 3 years.

Vi Polysaccharide Conjugate

Vaccine is a Vi capsular polysaccharide linked to a
conjugate. Vi conjugate vaccine provides longer lasting immunity
as it has the ability to stimulate specialized cells in the human
body called T cells, which the Vi polysaccharide alone cannot do.
Vi conjugate vaccines are the only vaccines advisable for kids
below 2 years of age [114]. Subunit vaccines can be given to
people with weakened immune systems. These vaccines appear
to give long-lived immunity. Since only parts of the virus are used
for these vaccines, the risks of reactions are very low. Several
doses must be given for proper life-long immunity.

Salmonella Paratyphi A Vaccines

Currently the emergence of Salmonella paratyphi A is
getting prevalent, so the vaccine for Salmonella paratyphi A had
become a matter of concern as there are no currently licensed
vaccine against S. paratyphi A. There for new vaccination
strategies need to be followed to develop novel vaccines for
paratyphoid to overcome the burden of enteric fever caused by
the Salmonella paratyphi A infections.

Many attempts have been made by various workers
to develop a suitable vaccine against S. paratyphi A. Two
recombinant antigen SpaO and unique flagellin subunit H1a of
Salmonella paratyphi A were developed and were used to test the
immunogenicity in mice [115]. Studies of different Salmonella
paratyphi A strains has been to develop a live attenuated
paratyphoid vaccine [116]. Outer membrane proteins of S.
paratyphi A CMCC50973 strain induced imuno-protection in a
challenge experiment on vaccinated mice [117]. Role of flagella
of S. paratyphi A as a potential protective antigen was studied
as a rationally attenuated S. paratyphi A live vaccine which had
induced the immune responses for the flagellar protein [118].
The immunogenic properties of Salmonella typhi capsular
polysaccharide- diphtheria toxoid conjugates has been checked in
mice [119]. A Salmonella paratyphi A vaccine has been developed
by the NIH, Bethesda and is being studied in field trials in
Vietnam. It consists of the detoxified O-specific polysaccharides
of S. paratyphi A that have been conjugated with tetanus toxoid.
It has been shown to be safe and able to elicit IgG antibodies with
bactericidal activity in the serum of adults, teenagers and 2 to 4
year old children [120].

Diagnosis

Widal Test
The first typhoid diagnostic, the Widal test, was
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developed in 1896; it is a visual test that monitors agglutinating
antibodies that react with S. typhi. In 1896, Widal reported that
sera from patients with clinical typhoid ‘clumped’ the bacteria
isolated from the host and this agglutination method formed the
basis of serodiagnostic tests for typhoid for over 100 years [121].
Traditionally, the Widal assay involved an agglutination assay
using formalin-fixed bacteria expressing the LPS and flagellar
antigens, with antibodies to the Vi capsule being detected using
a strain of S. typhi expressing a Vi capsule but lacking LPS and
flagella antigens. The Widal agglutination assays were refined
and standardized by many researchers. Over the following years,
the assay was modified in both the test and the interpretation of
the results [122].

Bacterial Culture

Salmonella are aerobic and facultative anaerobic,
growing rapidly on simple media over a range of pH 6-8 and
optimum temperature of 37⁰ C. It may be cultured on a variety of
solid media; on selective media for primary isolation (Blood Agar),
Selective or differential agar (e.g.: MacConkey Agar, Hektoen
Enteric Agar) and Enrichment broths (e.g.: Selenite broth). S.
typhi produce non-hemolytic smooth white colonies on blood
agar, non-lactose fermenting smooth colonies i.e. pale colonies
on MacConkey agar and on Hektoen enteric agar, salmonellae
produce transparent green colonies with black centers [16].
Salmonella is characterized by their ability to metabolize citrate
as a sole carbon source and lysine as a nitrogen source, as well as
their ability to produce hydrogen sulfide [1]. Salmonella ferment
glucose, mannitol and maltose, forming acid and gas. They do not
ferment lactose, sucrose and salicin. Indole is not produced, are
VP negative and methyl red positive [15].
Bacterial culture is clearly the method of choice in
situations where laboratory facilities to perform the assay and the
required typing procedure are available. The culture of S. typhi
can be done from many body fluids such as blood, bone marrow,
stool, rose spot extracts, duodenal aspirates and urine, while
the blood culture remains the mainstay of definitive diagnosis
[123,124].

Blood Culture: In developing countries like India sensitivity of

blood culture is lowered due to irrational use of antibiotics. Blood
culture is generally considered the standard method for diagnosis
of typhoid bacteremia but has been shown to detect only 40 to
70% of typhoid patients [125]. Culturing is an accurate method
for the diagnosis of typhoid fever for blood samples drawn early
in the disease. More than 70% of the cases will be confirmed
when multiple blood samples are tested [126,127]. The detection
rate of the culture was 65.9% for single blood samples drawn an
average of six days after the onset of fever [128,129]. Tryptone
soy broths are among the most commonly used blood culture
media today, with automated systems used in settings with
sufficient resources. The majority of positive cultures are evident
within 48 hours, and nearly all are positive by five days [130].
Febrile patients often take antibiotics; selfadministered, prescribed or un-prescribed, which reduces the
possibility of bacterial growth because antibiotics may inhibit

Citation:
Bharmoria,
Annpurna
Shukla, Kanika
(2017)
Typhoid
as a Challenge
Developing
Countries
and suis
Citation: Arti
Olsen
SC, Boggiatto
P, Wilson-Welder
J, NolSharma.
P, Rhyan
J, et al.
(2017)Fever
Immunogenicity
andfor
Efficacy
of a Rough
Brucella
Elusive
Available for
the Enteric
Int J Vaccine
Res 16.
2(2):1-16.
VaccineDiagnostic
Delivered Approaches
Orally or Parenterally
to Feral
Swine.Fever.
Int J Vaccine
Res 2(1):
DOI: http://dx.doi.org/10.15226/2473-2176/2/2/00118

Page 7 of 16

Typhoid
Fever asand
a Challenge
Countries
and Delivered Orally or
Immunogenicity
Efficacy offor
a Developing
Rough Brucella
suis Vaccine
Elusive
Diagnostic
Approaches
Available
for
the
Enteric
Fever
Parenterally to Feral Swine

Copyright:
Copyright: © 2017
© 2017 Arti.B, et.al.
Olsen et al.

the growth of S. typhi. In a quantitative study of bacteremia in
typhoid fever patients, 50% of patients identified by positive
blood culture had less than 1 CFU/ml of blood, illustrating the
need for highly sensitive methods of detection [131]. However in
untreated patients with enteric fever, the blood culture is positive
in 80% of patients or more. The optimum period for detecting
organisms circulating in the bloodstream is considered to be in
the first or second week of the illness, although cultures can still
remain positive in the third week in the absence of antimicrobial
exposure [132,133]. Quantitative bacteriology studies have
shown declining counts with an increasing duration of disease
[131]. Specimen collection, storage and transportation condition
is likely to affect blood culture yield besides the culture media
used.

PCR and real-time PCR, have been developed for the detection of
both Salmonella serovar S. typhi and Paratyphi A, mainly in blood.
Nucleic acid amplification methods have the potential to amplify
small numbers of organisms and non culturable bacteria, as well
as dead organisms. Targets for Salmonella serovar typhi PCR-based
assays have included the Hd flagellin gene fliC-d, the Vi capsular
gene viaB, the Tyvelose epimerase gene (tyv) (previously rfbE),
the paratose synthase gene (prt) (previously rfbS), groEL, the
16sRNA gene, hilA (a regulatory gene in Salmonella pathogenicity
island 1 [SPI-1], the gene encoding the 50-kDa outer membrane
protein ST50 O antigen somatic genes (tyv and prt), and the
hypothetical protein gene rat A [63,70,11335,134,137,138].

Fecal Culture: Salmonella enterica may be isolated from feces

Due to the lack of specificity of these target genes, a
combination of different pairs of primers using multiplex PCR or
nested PCR are needed to increase the sensitivity and specificity
of the PCR diagnostic test. Nested primers have been used in
some studies to improve sensitivity, although this may lead to
unspecific amplification and contamination. This, however, will
increase the cost, time, and complexity of the laboratory diagnosis
[17].

Bone Marrow Culture: Bone marrow cultures have the

highest sensitivity (>80%) and are relatively unaffected by
antibiotics [131,135]. The increased sensitivity of bone marrow
culture compared with blood culture relates to the higher
bacterial concentration in bone marrow. Bone marrow culture is
more frequently positive in patients with severe and complicated
disease [131,136].
in up to 30% of patients with typhoid fever and in 1% of urine
samples, with the number of organisms recoverable from feces
increasing throughout an untreated illness. The sensitivity of
fecal culture increases from about 10% in a single sample to about
30% by testing multiple samples. Sensitivity is also improved by
using whole feces rather than rectal swabs and by using a Selenite
F enrichment step and selective media. Culture of bile obtained
from an overnight duodenal string capsule provides a sensitivity
similar to that for blood culture and offers an additional means
to isolate typhoidal Salmonella from patients or carriers [131].

Disadvantages of culture are that it can be done only by
few specialized laboratories, it requires a relatively large volume
of blood collected by venipuncture, and the result is obtained only
after 2–3 days. A further disadvantage is that multi blood cultures
must be performed to ensure a high sensitivity and to exclude
contamination. However, the use of antibiotics, low amount of
bacteria, amount of blood used to inoculate the culture may affect
the detection rate of culture. Culture is expensive method which
takes 2–3 days for results, requires lab facilities and trained staff
to perform the culture. All these issues cumulatively contributed
to the relatively low sensitivity of the culture procedure [128,129].

Molecular Assays

Rapid molecular detection methods, such as nucleic
acid-based amplification, such as PCR assay, is critically needed
to help diagnose this contagious disease. Development of this
test requires diagnostic markers that are sensitive and specific
[17]. DNA-based detection methods, such as Polymerase Chain
Reaction (PCR), have proven to be sensitive, specific, and rapid
compared to conventional culture-based methods for the
diagnosis of many infectious diseases.
Nucleic acid amplification tests, including conventional

However, these genes cannot stand alone as single S
.typhi specific diagnostic marker since they are not specific to S.
typhi and are also found in other Salmonella serotypes. Thus, these
markers provide provisional rather than differential diagnosis of
typhoid fever. For example, the fliC-d gene of S. typhi shares the
same nucleic acid sequence as S. muenchen the protease gene is
present in S. typhi, S. Paratyphi A, and S. enteritidis; and the via B
gene is found not only in S. typhi but also in S. Dublin, a few strains
of S. Paratyphi C and Citrobacter freundii [139,144,148].

Diagnostic markers which can detect pathogens at
single gene target resolution could lead to a simpler, cost-effective,
and more functional DNA-based detection method since less
primers are needed for target detection. Many approaches, such
as subtractive hybridization, next generation sequencing, and
microarray techniques, have been used to identify genes that are
specific or unique to a pathogen [17]. A nested polymerase chain
reaction using H1-d primers has been used to amplify specific
genes of S. typhi in the blood of patients and is a promising means
of making a rapid diagnosis [149].
Five S. typhi-specific genes, namely, STY0307,
STY0322, STY0326, STY2020, and STY2021, were found to be
highly conserved among S. typhi strains and showed sequence
homology to proteins of known function using protein BLAST
(BLASTp) programs. Genes STY0307, STY0322 and STY0326
encode for hypothetical proteins, while genes STY2020 and
STY2021 encode for putative bacteriophage proteins. The genes
STY0307, STY0322 and STY0326 are located in the Salmonella
Pathogenicity Island 6(SPI-6) [17].

Moreover the gene STY0201 has been also used as a
PCR target, and the PCR assays that were developed based on
this gene were reported to be 100% sensitivity and specificity
[160]. However, this study found that this gene was only 97.2%
specific and cross-reacted with S Oslo and S. Kissi. The incorrect
bioinformatic prediction of the specificity of gene STY0201 may
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be due to the incomplete genome sequence available for the 2
bacteria in the NCBI database that limit the matching accuracy of
the BLASTn search [161].

Rapid Serologic Tests

The need for a rapid, inexpensive and user friendly
laboratory test for early and accurate diagnosis of patients
with typhoid fever has prompted the exploration of a variety
of serologic and antigen detection methods, including counter
immuno-electrophoresis, Enzyme-Linked Immunosorbent Assay
(ELISA), dot immunoassay, hemagglutination and coagglutination.
However, these assays are not very easy to perform, not rapid,
require special equipment or skills, or depend on electricity and
on refrigeration for storage of components. None of these assays
has yet reached widespread use.

Countercurrent Immuno electophoresistest is based
on the appearance of the precipitation band of antigen-antibody
complexes that form on electrophoresis. The sensitivity is similar
to that of the Widal test and the procedure may be quicker if
tests are batched (about one hour for a gel), but bands are often
difficult to see, the cost is higher than that of the Widal [140].
Mochammad et al, 2002 developed a simple dipstick
assay for the detection of Salmonella typhi-Specific IgM antibodies
and the evolution of the immune response in typhoid patients
[141]. The study indicated a sensitivity of 65.3% for the dipstick
assay for samples collected at the time of hospital admission from
the S. typhi and S. Paratyphi culture-positive patients.

ELISAs can be performed with a number of modifications
to the basic procedure. The key step, immobilization of the
antigen of interest can be accomplished by direct adsorption to
the assay plate or indirectly via a capture antibody that has been
attached to the plate. Antigens from the sample are attached to a
surface. A further specific antibody is applied over the surface. So
it can bind to the antigen. This antibody is linked to an enzyme.
In the final step a substance containing the enzyme substrate is
added. The subsequent reaction can produce a detectable signal,
most commonly a color change in the substrate [142,143,144].

New Diagnostic Approaches

Newer diagnostic tests have been developed—such
as the Typhidot or Tubex which directly detect IgM antibodies
against a host of specific S. typhi antigens—but these have not
proved to be sufficiently robust in large scale evaluations in
community settings [142,143].

Other than culture and tube agglutination test, a dot
blot assay detecting IgM and IgG antibodies against Salmonella
enterica serovar typhi can help in early diagnosis using a composite
reference [4]. Newer diagnostic tests have been developed—such
as the Typhidot or Tubex which directly detect IgM antibodies
against a host of specific S. typhi antigens—but these have not
proved to be sufficiently robust in large scale evaluations in
community settings.
Attempts have been made to develop simple, accurate,
rapid and inexpensive methods to detect salmonella infection.
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Among them, the most favorable method is enzyme immunoassay
because it is sensitive and rapid, permits multi sample analysis
at one time, and requires only a minimum of equipment. Castro
NC and Fmrex PA 1998 had worked of dot-blot ELISA for typhoid
fever detection [145]. They used the crude LPS and the flagellar
antigen as blotting antigens on Nitrocellulose membrane. The
serum samples were treated with goat antihuman anti-IgG or
anti-IgM and diaminobenzidine was used as the substrate. The
membrane after getting dry gave the brown colour visualization
in the positive samples and pink colour in the negative samples.
The dot-blot test detecting IgM against flagellar antigen had
a lower sensitivity (12.1%) than the Widal test but a higher
specificity (97%).
The dot-blot sensitivity and specificity obtained by Choo
et al, 1994 using a 50-kDa outer-membrane protein of S. typhi to
detect IgG antibodies were 95% and 75% respectively [146]. In
a similar study by Chaicumpa et al, 1995 modified a monoclonal
antibody based dot blot assay to be used for the detection of
Salmonella in food items [147].

Antibody Detection

Culturing the bacteria from body fluids is the definitive
test for the diagnosis of typhoid fever although inconclusive
serological methods such as Widal test are commonly employed
in many health care settings [65].

The Widal Test: Measures agglutinating antibodies against

LPS (O) and flagellar (H) antigens of Salmonella serovar typhi
in the sera of individuals with suspected enteric fever [107].
Although usually discouraged due to inaccuracy, it is simple and
inexpensive to perform and is still widely used in some countries
[150]. The performance of the method has been hampered by
a lack of standardization of reagents and inappropriate result
interpretation [151]. The Widal test ideally requires both acuteand convalescent-phase serum samples taken approximately 10
days apart; a positive result is determined by a 4-fold increase in
antibody titer [60].

Tubex: TF is based on an inhibition reaction between patient

antibodies (IgM) and monoclonal antibodies included in the test
that bind to a Salmonella typhi specific O9 lipopolysaccharide. A
macroscopically visible de-colorization of patient serum in test
reagent solution through magnetic particle separation indicates a
positive result [163]. The test is a semi-quantitative competitive
agglutination test for the detection of anti-O9 antibodies [164].
In contrast the typhidot is based on a qualitative dotblot enzyme-linked immunosorbent assay that separately detects
the presence of IgM and IgG in patient sera against a Salmonella
Typhi specific 50 kD outer membrane protein. This test is further
modified by using the cassettes of combined antigens or by using
it in a dipstick assay [165].

Enzyme-Linked Immunosorbent Assays: ELISA have been

considered an alternative approach for the diagnosis of typhoid
fever. The IgM response to successfully treated bacterial infections
generally persists for only a few weeks or months. Demonstration
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of IgM antibodies to Salmonella antigen might therefore be of
more diagnostic significance in an endemic population than
detection of IgG. However, there are theoretical limitations to the
indirect ELISA for IgM. If the concentration of specific IgG in a
sample is substantially greater than the concentration of IgM, it
can produce false negative results by competing for the antigen
determinants on the plate. On the other hand, an IgM-class
rheumatoid factor that may be present in the sample can react
with antigen-IgG complexes and produce a false-positive result
[166].

The ELISAs are quantitative, samples do not need preassay handling, sample purity is not required and the overall
running costs are lower. Further more, the results of an ELISA can
also be easily interpreted using simple relation to a standard curve.
ELISAs can confirm infection in all phases of the disease and will
additionally identify carriage of the bacterium in asymptomatic
humans, particularly relevant for research purposes.
A summary of various antibody detection tests available
in global market are summarized in (Table 01).

Table 1: Tabular comparison of various antibody detection tests available in market.
S. No.

Test Name

1.

Multi-Test-Dip-

2.
3.

Sticks

Tubex TF
Typhidot

4.

Typhidot M

5.

Typhi Rapid IgM and

6.

Widal test

IgG IgM (Combo)
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Principle

Dipstick detecting anti-LPS IgG and IgM

Detects antibody against Salmonella typhi LPS with an
inhibition assay format and a visual result readout

Measures IgM and IgG antibodies against a 50-kDa outer

membrane protein of Salmonella typhi in an immunodot test
format.

Features
Sensitivity, 89%; specificity, 53%

Sensitivity, 56–100%; specificity,58–100%
Sensitivity, 67–98%; specificity,58–100%

Measures IgM antibodies, after removal of IgG antibodies,

Sensitivity, 47–98%; specificity,65–93%

Measures IgM antibodies, after removal of IgG antibodies,

Sensitivity, 89–100%; specificity,85-89%

Measures agglutinating antibodies against O and H antigens

Very variable sensitivity and specificity;

against a 50-kDa outer membrane protein of Salmonella

typhi in a dot blot format.

against a 50-kDa outer membrane protein of Salmonella

typhi in an ICT LFA a cassette format.

of Salmonella typhi and Salmonella Paratyphi A; uses a tube
or slide format.

Currently the best available test for the diagnosis is
typhidot which is based on the detection of the IgM antibodies
detection in the serum of the patient. It is easy to perform and
provides the clear results for the recent infection with the
bacteria moreover by IgG detection the carrier stage of the
bacteria can also be described. This test had been validated on
clinical parameters in various developing countries including
India.
Blood serum is a better sample for the diagnostic
purposes as it helps in the qualitative as well as quantitative
estimation of the various antibodies developed due to the
infection.

Available Diagnostic Approaches for NTS

For culture-based and molecular diagnostics, similar
challenges present with typhoidal Salmonella—low bacterial
burden (1CFU/ml) in blood—may confound sensitive diagnosis
of NTS [152]. PCR assays have been clinically validated for
diagnosis of enterocolitis or for use on cultured isolates, but not
for direct diagnosis of invasive infections [153,154].

In contrast with typhoidal Salmonella, there is more
limited experience with serologic assays for NTS. Despite

lack of standardized reagents

similarity between the O antigens of S. typhi and S. enteritidis,
the Widal agglutination test performs poorly [155]. Kuhn et al.
recently reviewed ELISAs for non-typhoidal Salmonella infections,
which were based on S. enteritidis and S. typhimurium LPS, and
found most sensitivities in the 70–95% range, with specificities
>90%, though most studies were small and many did not report
specificity [156].

Conclusion

Typhoid fever is having a past of several sporadic
outbreaks and is found to be endemic in several nations. Due
to better sanitation facilities, hygienic life style, clean food and
water resources and mass vaccination for Salmonella typhi, the
typhoid has been almost eradicated from developed countries.
But in developing countries like India, these facilities cannot be
availed by a major part of population so enteric fever has been a
constant problem.

None of the currently available typhoid vaccines are ideal
for enteric fever. The first line of parenteral whole cell vaccines
has been associated with fever and systemic reactions. Although
licensed, it is considered unsuitable for mass immunization
and no longer in use [157]. Consequently two vaccines have
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been developed. The first is a live oral vaccine based on Ty21a
(an attenuated strain of S. typhi) that is well-tolerated and the
other is Vi-based parenteral subunit vaccine (based on the
purified capsular polysaccharide S. typhi Vi antigen). Both these
vaccines are well tolerated but are only moderately protective
[158]. Controlled, double blind, randomized field trials of the
Vi typhoid polysaccharides had demonstrated the protection
against the typhoid fever in areas with higher endemicity. The Vi
vaccine has been targeted for accelerated introduction into public
health programs, due to several advantages it has over Ty21a,
including consistent efficacy results (64-77%) even in areas of
high typhoid incidence; a single-dose regimen; the lack of patent
protection; and less strict cold chain requirements [101]. The
typhoid Vi-conjugate vaccine can be used for the immunization of
the children, adult and travellers from non endemic areas and for
people living in endemic countries.
Laboratory diagnosis of enteric fever in developing
countries is primarily achieved either by blood culture or bone
marrow aspirate culture which are gold standard for diagnosis.
The diagnosis of typhoid fever based on clinical signs and
symptoms is often ambiguous, while phenotypic detection of
S. typhi bacteria based on biochemical and serotyping methods
is laborious and time consuming [17]. Due to invasiveness and
technical difficulty of the procedure, one has to rely on serological
diagnosis. Unfortunately, neither the Widal test, nor any of
the serodiagnostic tests that have since been developed have
proven sufficiently sensitive, specific and practical to be of value
in areas where this disease is endemic [4]. For the detection of
convalescent and chronic fecal carriage of typhoidal Salmonella,
and to estimate the burden of disease for public health assessment.
Different tests and biological samples may be required for each
situation. It may be important to be able to detect both Salmonella
serovar typhi and Salmonella serovar Paratyphi A infections, as
they cannot be distinguished from each other clinically. Microbial
culture is the mainstay of diagnosis [86]. The challenge in any
diagnostic studies is to reach to a correct final diagnosis in all
participants. Usually a single error-free reference test, known
as a gold standard, is used to determine the final diagnosis and
estimate the accuracy of the test under evaluation. In disease
where there is no failsafe method for diagnosis, a Composite
Reference Standard (CRS) is used to make a final diagnosis
based on the results of two or more diagnostic tests known as
component tests. Patients are subjected to same component tests
which are combined and interpreted in a fixed way for all patients
which reflects the presence or absence of the target disease.

Antigen based rapid diagnostic test kits in particular
could potentially save lives, time and money. Rapid detection
methods, including multiplex PCR and stool dipstick tests as well
as a fast blood culture PCR method, are being developed to aid
early diagnosis. Newer assays are rarely available in developing
countries [159].
Although Tubex and Typhidot M tests are being
available and widely used in the clinical laboratories, there is a
need for a rapid and in expensive laboratory test for early and
accurate diagnosis of patients with typhoid fever has prompted
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the exploration of a variety of serologic and antigen detection
methods. The assays like counter immuno-electrophoresis,
Enzyme-Linked Immunosorbent assay (ELISA), dot immunoassay,
hemagglutination and coagglutination are not very easy to
perform, not rapid, require special equipment or skills, or depend
on electricity and on refrigeration for storage of components.
None of these assays has yet reached widespread use.
Because of the lack of the availability of good diagnostic
tools, particularly that are field based, correct diagnosis of typhoid
fevers remains a grey area. So the researchers in the developing
countries should emphasis the research on the development
of newer and easy diagnostic assays using various antigens of
Salmonella typhi.
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