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ABSTRACT 

Introduction: Typhoid fever continues to have a substantial impact on human health, 
especially in Asia and sub-Saharan Africa. Access to safe water, and adequate sanitation and 
hygiene remain the cornerstone of prevention, but these are not widely available in many 
impoverished settings. The emergence of antibiotic resistance affects typhoid treatment 
and adds urgency to typhoid control efforts. Vaccines provide opportunities to prevent and 
control typhoid fever in endemic settings.  
Areas covered: Literature search was performed looking for evidence concerning the global 
burden of typhoid and strategies for prevention and treatment of typhoid fever. Cost of 
illness, available typhoid and paratyphoid vaccines and cost effectiveness were also 
reviewed. The objective was to provide a critical overview of typhoid fever, in order to 
assess the current understanding and potential future directions for typhoid treatment and 
control. 
Expert Opinion: Our understanding of typhoid burden and methods of prevention has 
grown over recent years. However, typhoid fever still has a significant impact on health in 
low and middle income countries. Introduction of typhoid conjugate vaccines to the 
immunization schedule is expected to make a major contribution to control of typhoid fever 
in endemic countries, although vaccination alone is unlikely to eliminate the disease. 
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Article Highlights 

• Globally, overall rates of typhoid fever are reported to be falling, however there 
are between 11.9 – 26.9 million cases of typhoid fever each year with 129,000 – 
135,900 deaths. 

• Several countries across Asia and sub-Saharan Africa have high reported 
incidences of typhoid fever. The Global Burden of Disease Study 2017 reported 
that the South Asia super-region had the highest incidence of typhoid fever 
globally.  

• Provision of clean drinking water, adequate sanitation and safe food handling 
practices are integral to the prevention of typhoid, along with appropriate 
antibiotic use and vaccination. 

• Emerging antibiotic resistant and extensively drug resistant strains of Salmonella 
Typhi are making treatment of typhoid more complicated and expensive. 

• Several new typhoid vaccines are in various stages of development with 
particular interest in the typhoid conjugate vaccines (TCVs). One TCV has 
received WHO prequalification (Typbar TCV™) and the results of ongoing large 
field trials of this vaccine will inform implementation. 

• Recent studies have shown an increase in rates of paratyphoid fever which may 
increase further with more widespread use of TCVs. Currently there is no 
licensed vaccine for paratyphoid fever. 

• Together with improvements in water and sanitation, widespread use of TCVs 
should improve control of typhoid fever in the coming years. 
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1. Introduction 
Typhoid fever is caused by Salmonella enterica serovar Typhi (S. Typhi) and paratyphoid 
fever is caused by Salmonella enterica serovars Paratyphi A, B and C (S. Paratyphi). 
Collectively termed enteric fever, they are predominant in low resource settings and cause 
clinically indistinguishable symptoms of fever, flu-like symptoms with chills, dull frontal 
headache, malaise, anorexia, nausea and abdominal discomfort, and in severe cases 
intestinal perforation and neurological complications. Blood culture is the gold standard for 
diagnosis, but has limited sensitivity [1]. The mainstay of treatment is antibiotic therapy and 
is usually prescribed empirically but with increasing antimicrobial resistance and a limited 
pool of treatment options, effective treatment is becoming increasingly challenging [2]. 
Vaccination can be an effective measure to prevent disease, coupled with ongoing efforts to 
improve water, sanitation and hygiene. The World Health Organization (WHO) 
recommended programmatic use of typhoid vaccines in 2008, but due to lack of funding to 
support vaccination, this was not implemented at country level [3]. The importance of 
vaccination as a preventive measure has regained attention with increasing antimicrobial 
resistance. More recently, in 2018, the WHO has recommended the use of the new 
generation of typhoid conjugate vaccines [4]. 
 
In this review, we summarize the recent advances in our understanding of enteric fever, 
primarily focusing on epidemiology, water, sanitation and hygiene efforts, cost of illness, 
treatment and antimicrobial resistance (AMR), as well as vaccination and vaccine 
developments.  
 
2. Epidemiology 
The global burden of typhoid fever, in the year 2000, was estimated to be around 21 million 
with 200,000 deaths [5]. Age-standardized incidences have decreased by 54.9% (53.4 – 56.5) 
from 1990 to 2017 likely due to improvements in economy, infrastructure, food handling 
practices and increased access to antibiotics [6]. Nonetheless, typhoid fever continues to 
pose a considerable problem. More recent estimates show that typhoid fever may cause 
between 11.9 – 26.9 million cases and 129 – 135.9 thousand deaths each year (Table 1) [6, 
7, 8, 9].  
 
2.1 Regional Variation 
Earlier global estimates showed Asia to have high burden of disease (>100 cases/100,000), 
and Africa, Oceania and Latin America/Caribbean to have medium burden of disease (10 – 
100 cases/100,000) [5]. Estimates were largely based on vaccine trials and by the nature of 
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these studies, sites were more likely to be chosen due to the high burden of the disease and 
thus likely to overestimate the burden. In recent years, there has been an increase in the 
number of incidence studies and a better representation of the different geographic 
regions. In the Global Burden of Disease Study (GBD 2017), South Asia super-region showed 
a remarkably high standardized incidence rate of 549 (481-625) cases per 100,000 person-
years and the largest number of cases, accounting for 71.8% of the global burden [6]. The 
Southeast Asia, East Asia and Oceania super-region and sub-Saharan Africa also showed high 
burden accounting for 14.1% and 12.1% of the global typhoid cases. The GBD 2017 high 
income super-region is estimated to have the lowest burden of the disease. In contrast with 
the earlier estimates, recent data show a high incidence of typhoid fever in Africa. The 
Typhoid Surveillance in Africa Program established 13 surveillance sites in 10 countries in 
Africa and found that typhoid fever and invasive non-typhoidal salmonella (iNTS) were a 
major cause of invasive bacterial disease [10]. Antillon and colleagues also predicted Central 
Africa to have the highest incidence of typhoid globally [9]. Studies by Mogasale and 
colleagues [7] and by Kim and colleagues [11], on the other hand, suggest that central and 
eastern sub-Saharan Africa, and South Asia have the highest incidence of disease globally. 
However, countries still lack quality surveillance data. Data from only a few countries in a 
region may overestimate the burden and the uncertainly around estimates is also greater. 
Nonetheless, these studies help identify the regions and countries at risk of typhoid and can 
help countries in decision making regarding prevention and control of typhoid fever. 
 
There is marked variation in the typhoid burden between countries in a region and even 
within a country. For examples, the Diseases of Most Impoverished Program described the 
annual typhoid incidence ranging from 24.2 in Vietnam to 493.5 per 100,000 in India [12], 
and in the Typhoid Surveillance in Africa Program, the adjusted incidence rate ranged from 0 
in Sudan to 383 per 100,000 person years in Burkina Faso [10]. Most burden data represent 
certain regions within a country and may not represent the entire country. 
 
2.2 Incidence in Children 
Children have the highest incidence of typhoid fever. GBD 2017 noted that the highest 
incidence was in the 5-9 year age group [6]. Antillon and colleagues estimated a high 
incidence rate among children aged 2–4 years and a relatively lower incidence rate among 
those under-2 years of age or over-15 years [9]. Similarly, Marks and colleagues also 
observed the highest incidence rates of typhoid fever in the 15 year and younger age group 
with peaks at 2-4 years of age or 5-14 years varying across the study sites [10]. Typhoid 
fever incidence has been described to follow a sigmoid curve with low incidence in the 
neonatal/infant period and rising with age, with a plateau in older adults [13]. This 
represents the low exposure to typhoid in the early infant period and increasing 
environmental exposure with age before it plateaus. Some studies have shown differences 
in typhoid burden within the different age groups depending on the overall burden of the 
region. The GBD 2017 study found that the incidence of typhoid fever was concentrated in 

ACCEPTED M
ANUSCRIP

T



 

 

children in the high incidence regions and that the incidence was more broadly distributed 
across the age groups in the low-incidence regions [6]. Antillon and colleagues, on the other 
hand, associated a peak incidence at 2-4 years of age with high overall incidence of typhoid 
and a slight peak among those aged 5-14 years was associated with overall low incidence 
[9]. In a systematic review and meta-analysis of pediatric enteric fever in Africa, the 
youngest age group contributed to the lowest proportion of cases of enteric fever, while in 
Asia there was marked heterogenicity between the different pediatric age groups across 
different studies [14]. The overall burden of typhoid fever in children is still, however, likely 
underestimated. The clinical suspicion of the disease is generally low in young children and 
diagnostic testing is not sought routinely [14]. Further, difficulties in drawing adequate 
volumes of blood and low sensitivity of the diagnostic blood culture add to difficulties in 
accurate diagnosis. 
 
2.3 Incidence of Paratyphoid Fever 
A systematic analysis of results from the GBD 2017 study highlighted a lack of reliable data 
regarding rates of paratyphoid fever. A paucity of national-level reporting of paratyphoid 
fever rates and the failure of individual studies to differentiate between S. Paratyphi A, B 
and C leaves potential gaps in understanding and estimation of paratyphoid fever incidence. 
There were an estimated 3.4 million (2.7 – 4.2) cases of paratyphoid fever and 19,000 
deaths attributed to paratyphoid fever in 2017 [6]. Most cases are caused by S. Paratyphi A, 
and disease caused by S. Paratyphi B or C is rarely reported. Studies published in the past 20 
years have shown an increase in paratyphoid fever. Ochiai and colleagues reported a higher 
incidence of Salmonella Paratyphi A (64%) than Salmonella Typhi in China [15]. An 
increasing incidence of S. Paratyphi A has also been documented in studies from India [16, 
17] and Nepal [18].  Salmonella Typhi accounts for an estimated 76.3% (71.8 – 80.5) of cases 
of enteric fever and the majority of the remaining cases currently attributed to S. Paratyphi 
A [6]. Growing rates of paratyphoid fever are of concern. Little is known about the probable 
cause for this increase. Currently, available vaccines do not protect against infection caused 
by S. Paratyphi A. With the current drive towards vaccination against S. Typhi, it will be 
important to monitor the incidence of paratyphoid fever because of theoretical risk of 
replacement. 
 
3. Transmission of Enteric Fever 
Typhoid fever is a systemic illness transmitted by the fecal-oral route through contaminated 
food or water. Contaminated water contributes to the frequent outbreaks of typhoid fever 
throughout the world [19].  In Southeast Asia and sub-Saharan Africa, where there is limited 
access to clean water, and poor sanitation and hygiene infrastructure, more cases of typhoid 
and typhoid related deaths are seen [20]. 
 
S. Typhi and S. Paratyphi are exclusively human pathogens.  Chronically infected hosts, 
although asymptomatic can serve as a reservoir for typhoid by shedding the bacteria in their 
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feces [21]. Household level hygiene practices, food and water handling practices along with 
close contact with the index case play an important role in transmission [22]. Contamination 
of the broader environment, such as pollution of the water supply, is defined as long cycle 
transmission whereas contamination of food and water in the immediate environment is 
short cycle transmission, both of which play an important role in increasing the burden of 
the disease [23]. 
 
3.1 Water, Sanitation and Hygiene 
In sub-Saharan Africa and Asia, nine out of ten of the 785 million people still used 
unimproved sources of water or surface water in 2017. Open defecation was practiced by 
18% of the rural population and 1% of the urban population in these regions. Thirty nine 
countries, mostly from sub-Saharan Africa have recorded an increase in open defecation, 
accounting for total 49 million people. Two billion people, mostly from sub-Saharan Africa 
and Asia lacked access to basic sanitation services in 2017. Eighteen per cent of the global 
population (1.4 billion people) had no hand washing facilities at all [24]. 
 
An intermittent water supply poses a greater risk to the contamination of water as 
compared with continuous supply of water. When pressure in a municipal water supply 
drops, material surrounding the pipes, contaminated with sewage, can enter the clean 
water supply [25]. Kumpel and colleagues found that, when there was low pressure in water 
pipes (<10 psi), elevated bacterial contamination of the water was detected. Households 
which received a continuous water supply were less likely to have Escherichia coli (0.7%) 
detected compared with households which received an intermittent supply (31.7%). Three 
years after provision of continuous water supply, these households were 42% less likely to 
report at least one case of typhoid fever [25, 26]. 
 
Provision of clean drinking water, adequate sanitation and safe food handling practices, 
along with vaccination, is integral for the prevention of typhoid. Water, sanitation and 
hygiene practices (WASH) are the critical components of prevention of typhoid fever, 
especially in the low and middle economic countries where the burden of typhoid is very 
high [27]. Improved sanitation and availability of safe drinking water has been achieved in 
developed countries but still remains a challenge in most low and lower middle income 
countries. In the late 19th and early 20th centuries implementation of strategies to improve 
the quality of drinking water helped in reduction of typhoid related mortality by a mean of 
78%. According to Cutler and colleagues, filtration combined with chlorination of water 
helped in reducing total typhoid fever mortality by 25%, and total mortality by 13% [28]. 
 
Household measures including hand washing with soap, safe food handling, treatment of 
drinking water with chlorination or filtration and safe water storage are recommended for 
prevention of transmission of enteric infections. Similarly, discouraging open defecation, 
construction of proper toilets and education on hygiene practices also helps in decreasing 
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the burden of the disease [29]. One of the aims of the United Nations Sustainable 
Development Goals is to reduce inequality related to WASH. The goals set out to achieve 
this by providing safe and clean drinking water universally, adequate access to sanitation 
and hygiene and to end open defecation by 2030 [24]. Availability of clean drinking water 
and hygiene practices can reduce outbreaks of typhoid [19]. Introduction of clean water and 
sewage management can lead to decreases in the morbidity and mortality related to various 
fecal-oral infections including typhoid [20] 
 
4. Treatment and Antimicrobial Resistance 
After the introduction of first line antimicrobials (chloramphenicol, ampicillin and 
trimethoprim/sulfamethoxazole), the mortality due to typhoid fever reduced to around 1%, 
from 10-30% in the pre-antibiotic era. Resistance to the first line antibiotics (known as multi-
drug resistant or MDR typhoid) emerged in South and South-east Asia in the 1900s. 
Fluoroquinolones and broad spectrum cephalosporins were recommended as alternative 
second-line treatment options and formally advocated by the WHO in 2003 [5, 8, 30]. Figure 
1 summarizes the global trends in resistance to antimicrobials used to treat typhoid. 
 
Recently, the proportion of MDR typhoid cases has decreased in certain regions and in Asia 
it is approaching zero, likely due to the disuse of the first line antibiotics.  The Surveillance of 
Enteric fever in Asia Project (SEAP) found only a small proportion of MDR strains in India, 
Nepal and Bangladesh, while a majority in Pakistan still showed multidrug resistance [31]. 
The scenario in Africa has been different. MDR typhoid is still prevalent and has been 
associated with typhoid epidemics in the region [32, 33]. Results from the Typhoid Fever 
Surveillance in Africa Program showed that 47% of S. Typhi isolates were resistant to the 
first line antibiotics [10].  
 
4.1 Fluoroquinolones 
Fluoroquinolones such as ciprofloxacin and ofloxacin were successful in the treatment of 
MDR typhoid, but with their widespread use, reduced susceptibility and resistance to 
fluoroquinolones has ensued [34, 35].  Fluoroquinolone resistance in S. Typhi is most 
commonly associated with single nucleotide polymorphisms (SNPs) in gyrA [36]. SNPs have 
also been reported in gyrB, parC and parE. Triple mutations with SNPs in gyrA and parC are 
associated with high levels of ciprofloxacin resistance and are particularly seen in the H58 
clonal population [36]. Resistance to fluoroquinolones has been reported from multiple 
countries across the globe [37, 38, 39, 40, 41, 42]. In South Asia, over 80 percent of S. Typhi 
were non-susceptible to fluoroquinolones [31]. A recent study from Nepal reported high-
level fluoroquinolone resistance even to fourth generation fluoroquinolones associated with 
a new subclade of S. Typhi-H58 [42, 43]. The H58 subclade is predominant in Asia and has 
spread across Africa and Oceania displacing other lineages [44]. And although 
fluoroquinolone non-susceptibility is currently low in Africa, it is on the rise. In 2017, the 
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WHO also listed fluoroquinolone resistant Salmonella species as a priority pathogen that 
poses a substantial threat to morbidity and mortality [45]. 
 
4.2 Cephalosporins 
Third generation cephalosporins such as oral cefixime and parenteral 
ceftriaxone/cefotaxime are commonly used empirically for the treatment of enteric fever, 
especially since the emergence of fluoroquinolone non-susceptible S. Typhi. Sporadic cases 
of S. Typhi resistant to the third generation cephalosporins have been reported. Resistance 
is mediated by extended-spectrum beta-lactamases and is usually plasmid-borne [46]. 
Recently, the emergence and spread of an extensively drug resistant (XDR) S. Typhi clone 
has been reported from Sindh Province, Pakistan. XDR S. Typhi is resistant to first-line 
antimicrobials as well as fluoroquinolones and third-generation cephalosporins. The XDR 
isolates were of H58 lineage with an additional IncY plasmid containing blaCTX-M15 and 
qnrS genes, in addition to the multiple resistant genes including blaTEM-1 (ampicillin 
resistance), dfrA7, sul1, sul2 (trimethoprim-sulfamethoxazole resistance), catA1 
(chloramphenicol resistance), strAB (streptomycin resistance) genes and DNA gyrase (gyrA 
and gyrB) and topoisomerase IV (parC and parE) genes (fluoroquinolone resistance) [2].  
 
4.3 Azithromycin 
Azithromycin is an effective drug for the treatment of enteric fever and is still effective 
against the cephalosporin non-susceptible strains of S. Typhi. There have been sporadic 
reports of resistance to azithromycin [47, 48], and this is of concern given its widespread use 
in the outpatient management of typhoid fever and other systemic infections. Azithromycin 
treatment produces higher intracellular concentrations than serum levels of the antibiotic 
and it is thus difficult to interpret laboratory azithromycin sensitivity for S. Typhi [49]. 
Resistance to azithromycin is associated with ereA, msrD, and msrA genes [23]. 
 
4.4 Advances in Antibiotic Therapy 
Newer antimicrobials, carbapenems (e.g. meropenem or faropenem) or tigecycline, are 
effective against S. Typhi, and should be reserved for infections with XDR strains of the 
bacteria [50]. Aztreonam has been effective in small clinical trials, and can also be used as 
potential third line treatment for typhoid [51]. 
 
Researchers are exploring dual antibiotic therapy as a potential strategy to help control 
emerging antimicrobial resistance. Interventional studies have been conducted examining 
the efficacy of combined antibiotic therapies for the treatment of typhoid. A three-way 
comparison was studied between azithromycin, ofloxacin and a combination of 
azithromycin and ofloxacin in Vietnam. The combination therapy did not prove superior to 
monotherapy [52]. In a comparative trial conducted in Nepal, the combination of third 
generation cephalosporin and azithromycin was found to be superior to monotherapy [53]. 
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These findings do not provide conclusive evidence to support dual therapy to improve 
effectiveness or reduce emergence of resistance. 
 
5. Typhoid Vaccines 
5.1 Why Typhoid Vaccination is Necessary 
As discussed above, many low and middle income countries have inadequate water and 
sanitation systems, allowing the spread of typhoid and it may be generations before these 
systems have improved sufficiently to eliminate endemic enteric fever. While antibiotics 
have significantly decreased the disease burden and mortality, antimicrobial resistance has 
emerged as a serious problem in controlling disease. Vaccination may be a way to reduce 
reliance on antibiotics and protect from increasing resistance going forward. Peaks in 
interest in typhoid vaccination have coincided with worries over antibiotic resistance. The 
chloramphenicol-resistant typhoid outbreak in Mexico in the early 1970’s resulted in 
renewed focus on vaccine research, this was followed shortly by development of the live 
oral vaccine, Ty21a, and non-denatured Vi polysaccharide vaccine [54]. Recently interest in 
deployment of vaccine programmes has aligned with spread of resistant disease since the 
1990’s and the emergence of the XDR S. Typhi strain causing the ongoing outbreak in 
Pakistan [2, 40]. 
 
5.2 Early Typhoid Vaccine Attempts 
Typhoid vaccines have been in existence for over 100 years. In 1886, Wright in England and 
Pfeiffer and Kolle in Germany developed a typhoid vaccine at about the same time, but 
independently of one another. These first vaccines were made using heat-killed whole cell 
Salmonella Typhi and significant side effects were noted in the first subjects [55]. Carroll and 
Vedder trialed an oral, heat-inactivated typhoid vaccine in 1904. Initially their heat-
inactivation technique was flawed and several study volunteers developed typhoid fever 
including one of the study supervisors [56]. Wright believed that a vaccine for typhoid could 
save thousands of lives and he pressed the British government to vaccinate soldiers in 
World War One. Despite some public reservations about typhoid vaccination it was offered 
to British WWI soldiers. Initially a typhoid only whole cell vaccine was given to soldiers and 
in 1916 a combination vaccine (TAB) against S. Paratyphi A and S. Paratyphi B as well as S. 
Typhi was introduced [57]. This was the first war when more soldiers died from combat than 
from disease [58]. However it was not until the 1960’s that large field studies proved the 
efficacy of the typhoid whole cell vaccine [55]. 
 
5.3 Inactivated Whole Cell Typhoid Vaccine 
Several preparations of inactivated whole cell typhoid vaccine have been developed since 
the initial 1886 heat-inactivated vaccine. In field studies the whole cell vaccine showed 
efficacy of 65% against enteric fever [59]. However it has fallen out of use due to its high 
rate of side effects, with up to 34% reporting side effects including fever and disease-like 

ACCEPTED M
ANUSCRIP

T



 

 

symptoms [60]. The other available vaccines offer at least similar levels of protection 
without the significant side effect profile. 
 
5.4 Current Vaccines 
Presently there are three types of typhoid vaccines available for use, the live oral Ty21a 
vaccine, parenteral Vi polysaccharide vaccine and parenteral typhoid conjugate vaccine 
(TCV). Since 2008 WHO has recommended the use of Ty21A and Vi polysaccharide vaccines 
to control typhoid fever but only Vi polysaccharide vaccine (from a single manufacturer) is 
WHO prequalified [3]. The 2018 WHO position paper states that TCV is now preferred at all 
ages, however Vi polysaccharide vaccine and Ty21a can still be considered. Figure 2 presents 
the efficacy of current typhoid vaccines based on results from large-scale field trials that 
used culture positive typhoid fever as the primary end-point. WHO recommends that a 
typhoid vaccine be included in the primary vaccination schedule in endemic countries with a 
high burden of disease and that typhoid vaccines can be considered to control outbreaks 
and in humanitarian emergencies (Table 2) [4]. 
 
5.5 Live-Attenuated Ty21a Vaccine 
Ty21a live-attenuated oral vaccine was first licensed for use in the 1980’s. It is a live vaccine 
which contains a mutated strain of Salmonella Typhi (Ty21a). When Ty21a is exposed to 
galactose, the resulting cell wall lysis produces an avirulent strain of S. Typhi [61]. Given the 
pathophysiology of typhoid fever, an oral vaccine which could target the local, cell-mediated 
and systemic antibody immunity systems was thought to be more beneficial than a 
parenteral vaccine which lacked a local response [62]. Ty21a vaccine has the advantage of 
being given orally in three or four doses over 5 days. The major drawback is that it is not 
recommended for use in children under 6 years of age, and even at this age, there are few 
children who will swallow the capsules. In endemic countries, repeat vaccination is advised 
every three years [63]. 
 
Human challenge studies were used to show safety and efficacy of the Ty21a vaccine prior 
to field studies [64]. A randomized placebo-controlled trial involving 109,000 children in 
Chile showed 67% efficacy of the enteric capsule vaccine. Another randomized, double-blind 
trial in Indonesia showed efficacy of 53% with a liquid formulation which would be suitable 
for younger children (no longer available) and 42% with the enteric capsules (Figure 3) [65, 
66]. The 2018 Cochrane review reported efficacy of 45% one year post Ty21a vaccination 
and 59% at two years. This increase in efficacy is presumed to be the result of a natural 
boosting effect in endemic areas [67]. 
 
While efficacy rates for Ty21a may be similar to the whole-cell vaccine the major advantage 
of Ty21a is the side effect profile. Ty21a is much better tolerated, with similar levels of side 
effects, including fever, seen among the vaccine and control groups in an Indonesian study 
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[66]. Levine et al showed that there was no increase in fever or intestinal illness among 
those given the vaccine versus controls [65]. 
 
5.6 Vi Polysaccharide Vaccine  
Salmonella Typhi is usually encapsulated in a polysaccharide layer, the Vi capsular antigen. 
This Vi polysaccharide acts both as a virulence factor and a protective antigen. Vi-deficient 
strains of S. Typhi are far more susceptible to host immune responses. Vi-specific antibody 
also acts as a protective antigen and can direct and activate complement on the S. Typhi cell 
surface [68, 69]. 
 
A subunit vaccine was developed in the 1980’s consisting of purified Vi antigen. The Vi 
polysaccharide vaccine is available as a single-dose, injectable vaccine. It is not licensed for 
children under two years of age. Because of the relatively short-lived immune response 
repeat doses are recommended every 2-3 years. One formulation of Vi vaccine has received 
WHO prequalification and it is licensed in over 90 countries [20]. Vi polysaccharide vaccine 
has been used in routine vaccination programs in endemic areas and also has been shown 
to be effective as part of vaccination campaigns following natural disasters [20, 70, 71]. 
 
The Vi polysaccharide vaccine has been tested in several large field studies. Efficacy rates 
vary from 64% to 72%. Over 11,000 children were involved in a randomized double-blind 
trial in South Africa which showed efficacy of 64% following 21 months of surveillance [72]. 
Efficacy of 69% was reported in a study of 131,271 children and adults in China [73]. In 
Nepal efficacy of 72% in preventing culture-positive typhoid fever was reported in a study of 
over 6000 participants from 5 to 44 years of age [74]. A large cluster-randomized trial in 
India reported effectiveness of 61% in adults and children over two years of age. Mass 
vaccination with Vi vaccine also offers some protection to unvaccinated members of the 
community with 44% effectiveness reported among non-vaccinated people living in areas of 
vaccination. Eighty per cent protection was reported in children between 2 and 5 years of 
age [75]. Khan et al reported 57% effectiveness in Pakistani children aged 5-16 years. Unlike 
the Indian study they showed that there was no significant protection provided to 2-5 year 
old children who were given the Vi polysaccharide vaccine versus controls (Figure 4) [76]. 
 
The Vi vaccine is generally well tolerated, with no significant side effects reported in any of 
the above studies. Local erythema and swelling were reported as the most common side 
effects with significant fever reported in less than 1% of cases [72, 73, 77]. The side effect 
profile and the ease of administration, just one injection, are the main advantages of Vi 
vaccine over the previously available vaccines.  
 
The two main drawbacks to the Vi vaccine are that it is not licensed for children under two 
years of age and it does not induce a booster response. The Vi vaccine, like most 
polysaccharide vaccines, are T-lymphocyte independent antigens which induce an 
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inadequate immune response in young children and fail to induce B cell memory. For this 
reason it is advised that the vaccine is repeated every two to three years to maintain 
adequate immunity among those at ongoing risk [78, 79]. This has been shown in practice 
with the French Armed Forces changing their Vi vaccination frequency from five to three 
years after an outbreak of typhoid. The risk of typhoid was twice as high in the army 
personnel who were vaccinated longer than three years before the outbreak [80]. Vi 
antibody falls slowly after an initial peak post vaccine, one study reported that almost two 
thirds of participants had antibody levels below their estimated protective cut-off 27 
months after vaccination [81]. These findings have led the WHO to recommend re-
vaccination every three years in endemic areas [3]. 
 
A new synthetic Vi polysaccharide vaccine has been developed. The polygalacturonic acid 
base of this synthetic vaccine shares the same backbone as the Vi polysaccharide antigen. 
Studies in mice have shown higher immunogenicity than seen with the standard Vi vaccine. 
The synthetic vaccine demonstrated a booster response when a second dose was given, 
which the authors hope will make the vaccine effective in children under two years of age 
[82]. 
 
5.7 Typhoid Conjugate Vaccines 
In 1987, studies in animal models showed improved immunogenicity with conjugation of the 
Vi polysaccharide to a protein carrier [83]. Currently there are several typhoid conjugate 
vaccines (TCVs) in various stages of development. WHO recommends the use of TCVs in 
endemic areas and it is the preferred vaccine in children from 6 months of age [4]. 
 
5.7.1 Vi-rEPA Typhoid Conjugate Vaccine 
The Vi polysaccharide was bound to a recombinant protein derived from Pseudomonas 
aeruginosa exotoxin A (Vi-rEPA). This produced a typhoid conjugate vaccine which has 
shown greater immunogenicity in animal studies than Vi alone [84]. A study published in 
1999 evaluated two Vi-rEPA vaccination preparations in Vietnam. It showed these vaccines 
were well tolerated with no significant side effects. This study compared the two Vi-rEPA 
vaccines with a Vi polysaccharide vaccine. All three vaccines showed a significant rise in IgG 
Vi antibody which persisted at 26 weeks post vaccination. In 5-14 year old children, one Vi-
rEPA formulation showed a significantly higher IgG level 26 weeks after two injections 
compared with one injection of the Vi polysaccharide vaccine. This study also showed that 
the Vi-rEPA vaccines elicited significant antibody responses in younger children. At 26 weeks 
post vaccination, one Vi-rEPA preparation produced higher antibody responses in the 2-4 
year old group when compared with 5-14 year old children who were given the Vi 
polysaccharide vaccine [85]. In 2004, a placebo-controlled randomized trial reported the 
efficacy of Vi-rEPA to be 89% among 2-5 year old children over a 46 month period [86]. A 
second RCT showed efficacy of 91% and also that anti-Vi IgG increased by a factor of 10 
following a second dose of Vi-rEPA in all children (Figure 5) [87]. 
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Thiem et al showed that Vi-rEPA was safe in infants over 6 months of age.  It was given 
alongside the routine vaccination schedule without any significant side effects and no 
interference with other vaccine responses were seen. Ninety percent of infants who were 
given Vi-rEPA had anti-Vi IgG levels above the estimated level of protection [88]. Despite the 
promising clinical data, Vi-rEPA has not been licensed and other conjugate vaccines have 
achieved licensure instead. 
 
5.7.2 Vi-Tetanus Toxoid Conjugate Vaccine 
Conjugation of Vi antigen with tetanus toxoid carrier protein has also produced effective 
vaccines. Prior to the December 2019 publication from Shakya et al, see section 5.7.4 below, 
there were no published data on efficacy of Vi-tetanus toxoid (Vi-TT) TCVs in endemic areas 
[89]. A 2018 Cochrane review of typhoid vaccines highlighted the need for further data on 
efficacy of Vi-TT in field trials [90]. 
 
5.7.3 PedaTyph™ 
A Vi-tetanus toxoid conjugate vaccine (PedaTyph™) has been licensed for use in India. This 
vaccine demonstrated 100% efficacy in preventing typhoid in a study involving 1,765 Indian 
children over 6 months of age. No typhoid fever cases were found in the vaccine group over 
12 month follow up compared with a typhoid rate of 1.27% in the control group. Significant 
antibody responses (4 fold rise from baseline) were found in 83% of vaccinated children at 
12 months post vaccination [91]. PedaTyph™ is licensed and marketed only in India (Figure 
6) [4]. The WHO Strategic Advisory Group of Experts (SAGE) working group on typhoid 
vaccines reported “the limited publically available pre-licensure data.” The working group 
stated that the “quality of evidence for this vaccine was assessed as very low due to 
apparent methodological weaknesses in the trials and lack of additional data for in-depth 
review." The SAGE group stated that “no conclusions can therefore be made about the 
potential use of this vaccine” [92]. 
 
5.7.4 Typbar TCV™ 
Another Vi-tetanus toxoid TCV (Typbar TCV™) was licensed in India in 2013. Typbar-TCV™ 
was the first TCV to receive WHO prequalification [93, 94]. Mohan et al enrolled 654 
participants from 2-45 years of age into a phase III RCT comparing Vi-TT with Vi 
polysaccharide vaccine. This study aimed to assess the safety and immunogenicity of Typbar 
TCV™. Higher Vi-IgG antibody responses were shown in the Vi-TT group across all age 
groups and these persisted at two year follow up. There were also 327 children from 6-23 
months who were enrolled in an open-label add-on study without the Vi polysaccharide 
comparator. Ninety eight percent of children 6-23 months showed seroconversion (four-fold 
rise from baseline) 42 days post-vaccine, this decreased to 59% at two years. Overall the 
vaccine was well tolerated and induced strong booster responses in all ages [90]. Using data 
from this RCT, a novel approach was employed to estimate the efficacy of Typbar TCV™. 
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Voysey et al utilized the immunogenicity and demographic data from Mohan et al’s RCT to 
estimate the incidence of typhoid infection using serological data (seroincidence) rather 
than blood culture results. Generally after vaccination antibody levels rise to a peak at 4-6 
weeks, following this they decline sharply and then plateau. If infection occurs following 
vaccination this pattern is interrupted, antibody levels will rise when they are expected to 
fall. Voysey et al looked for interruptions in the expected antibody levels to find those who 
had serological evidence of infection. Using this information and a mixed modelling system 
Voysey et al classified those who had serological evidence of infection. They used this to 
calculate serological efficacy of vaccination (seroefficacy). They reported seroefficacy of 
Typbar TCV™ at 85% [95]. 
 
Given the cost and time involved in large-scale field studies, other methods have been used 
to prove the efficacy of Vi-TT TCV. A randomized, control trial of healthy adult volunteers in 
a non-endemic area was used to evaluate efficacy. This study used the previously 
established human-challenge model to estimate vaccine efficacy [96]. Participants were 
randomly assigned to receive Vi-TT, Vi polysaccharide or a control vaccine. One month post-
vaccination participants were given sodium bicarbonate solution and then challenged with 
wild-type oral S. Typhi (1-4 x104 colony forming units). Participants were monitored for 
symptoms of enteric fever for 21 days post-challenge. The primary endpoint was the 
proportion of participants diagnosed with typhoid fever using clinical and/or microbiological 
criteria (attack-rate). One hundred and four participants were challenged, Vi-TT significantly 
reduced the attack-rate for typhoid fever versus controls (35% vs 77%). The calculated 
vaccine efficacy for Vi-TT was 54.6%. Seroconversion in the Vi-TT group was 100% after 28 
days. The vaccine efficacy was thought to be an underestimate as the population were 
typhoid-naïve adults, infection risk was increased by neutralization of gastric acid and the 
presumed high dose of challenge, and frequent sampling meant that self-limiting infections 
would be detected. The efficacy in the field is expected to be higher considering that the Vi 
polysaccharide vaccine efficacy in the human challenge study was 52%, which is significantly 
lower than that seen in field studies, supporting the impression that the challenge model is 
rather stringent. In post-hoc analysis, using a definition which would fit more closely to the 
field setting (fever followed by microbiological confirmation of typhoid) the efficacy of Vi-TT 
increased to 87% [97]. This Vi-TT vaccine has been shown to be safe when given with the 
measles vaccine and can be co-administered at 9 months [94]. 
 
Studies so far have shown Vi-TT conjugate vaccines to be safe and well tolerated, they can 
generate an immune response in children under two years of age and they have the 
potential for immunological memory. Currently three large studies are underway in 
Bangladesh, Malawi and Nepal, a cluster-randomized control trial and two individually-
randomized control trials respectively. These studies compare Vi-TT with a geographically 
appropriate control vaccine and include vaccination of children from 9 months to 16 years 
of age, followed for 2 years. These are the first large-scale randomized control trials 
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evaluating Vi-TT in endemic settings [98, 99, 100]. In December 2019 Shakya et al reported 
results from the planned interim analysis of a study involving over 20,000 Nepali children. 
Typbar TCV™ showed protective vaccine efficacy of 81.6% during 15 months of follow up, 
this study is continuing to complete 2 full years of follow-up for these children [89].  
 
6. Cost of Illness and Cost effectiveness 
6.1 Cost of Typhoid 
In addition to improvements in sanitation and food hygiene, along with the provision of 
clean drinking water, vaccines can help reduce the burden of typhoid fever [101]. In order to 
support policy decisions on implementation of typhoid vaccines, data regarding the burden 
of typhoid, cost of illness of the disease and cost effectiveness of vaccination are required. 
However, there are limited data on the economic burden of typhoid and economic benefits 
of typhoid vaccination. There is also a great variability in cost estimates due to the 
differences in the sample population case definitions, data sources etc. [102]..Total cost of 
illness of typhoid is a combination of direct medical costs, direct non-medical costs including 
travel, food and accommodation for the accompanying person and the indirect costs 
including loss of wages due to absence from work [101]. Bahl et al, studied the incidence 
and cost of illness in an urban slum, in Delhi, India and found that mean cost per episode of 
blood culture-confirmed typhoid fever was around $100 per case and hospitalization 
increased the costs by several fold. They also found that the cost for patients who did not 
respond quickly to antibiotics was five times higher than those who did respond [102]. 
 
Across various studies examining economic issues in typhoid cases, inpatient costs were 
higher than outpatient costs. In India, costs per outpatient case ranged from $16 to $74 and 
inpatient costs from $159 to $636.  In Nepal, the average cost per hospitalized case was 
found to be $233 and the outpatient cost to be $39 [103]. An incidence-based cost of illness 
evaluation done by Riewpaiboon et al at Pemba, Zanzibar showed that the cost of treatment 
for a typhoid fever episode was US$ 21.97. Overall mean costs per episode, including the 
direct costs before, during, and after hospitalization and productivity costs from lost wages 
was US$ 154.47. The majority of the total cost of typhoid infection arises from productivity 
costs due to lost wages (83%) [104]. 
 
A community-based study of the private and public costs, paid by the households and the 
government respectively, in five Asian countries (by Poulos et al) found that private costs of 
treatment were higher than public costs, posing a burden on the household. The average 
private cost of a non-hospitalized case was 13% of the average monthly household income 
in Kolkata, 23% in North Jakarta, and 55% in Hechi. The average private cost of a 
hospitalized case was 35% of monthly-income in Kolkata and over 100% in North Jakarta 
and Hechi [104]. 
 
6.2 Cost Effectiveness of Vaccine 
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Antillon and colleagues evaluated the cost effectiveness of typhoid conjugate vaccines in 
three urban settings and two rural settings by simulating TCV delivery by five strategies, 
using a dynamic model of typhoid transmission. They found that routine vaccination with 
TCV would be cost effective in most settings, and together with a catch up campaign this 
strategy would avert the most disability-adjusted life years (DALYs) [105]. Another study 
performed by Bilcke and colleagues evaluated three TCV delivery strategies, with routine 
vaccination at 9 months of age alone or in combination with catch up vaccination to either 5 
or 15 years of age. Routine vaccination with a catch up campaign was optimal and it would 
be cost-effective in countries with incidence of 300 or more typhoid cases per 100,000 
person-years [106]. 
 
7. Future Enteric Fever Vaccines 
7.1 New Typhoid Conjugate Vaccines 
There is much interest in the use of TCVs to assist in the control of enteric fever in high 
burden areas. In addition to those already licensed there are several other TCVs in various 
stages of development. These include Vi-CRM197 developed by GSK (now partnered with an 
Indian manufacturer), a Vi-TT vaccine from Zydus Cadila and Vi-DT (diphtheria toxoid) from 
the International Vaccine Institute (with manufacturing partners) [94]. Vi-CRM197 is a TCV 
where the polysaccharide antigen is conjugated to the non-toxic mutant of diphtheria toxin 
CRM197 [107]. Vi-CRM197 is reported to be safe and immunogenic in endemic populations 
including infants 6-8 weeks of age. However it did not show a significant booster response 
when a second dose was given and in a Pakistani cohort there was no increase seen in anti-
Vi antibody at six months post vaccine [108]. Further development is ongoing. 
 
A plant-derived polysaccharide vaccine has undergone phase 1 testing, it uses fruit pectin 
from citrus peel as a carbohydrate backbone instead of Vi. This O-acetylated pectin 
conjugate vaccine was shown to be safe in healthy adults, 64% of participants had a 
significant immunological response. The O-acetylated pectin conjugate vaccine produced 
lower levels of anti-Vi IgG response when comparted with Vi-rEPA [109]. 
 
Vi-negative strains of S. Typhi have been reported in small numbers of isolates in Asian 
countries. Vi vaccine and the Vi-conjugate vaccines rely on the presence of Vi antigen for 
immunity so this creates another potential issue in vaccine development [110, 111, 112].  
 
7.2 Live Attenuated Vaccines 
M01ZH09 is an experimental oral live-attenuated vaccine with two targeted deletions. 
M01ZH09 has been shown to be safe and immunogenic in phase I and II trials [113, 114]. 
However during a randomized, placebo-controlled, double-blind trial using a human 
challenge model M01ZH09 did not confer any benefit versus placebo. When post hoc 
analysis adjusted for baseline anti-Vi IgG the rate of clinical typhoid in the M01ZH09 group 
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was 51% lower than the placebo group. Further studies are required to explore the 
significance of this post hoc analysis [115]. 
 
Four other live, attenuated, oral vaccine strains (CVD 908, CVD 909, CVD 910, and CVD 915) 
have been developed at the Center for Vaccine Development, University of Maryland. All 
four strains have been derived from the S. Typhi Ty2 strain. CVD 909 was engineered to 
express Vi polysaccharide and stimulate Vi antibody response as well as humoral and cell-
mediated immune responses. CVD 909 has shown efficacy in mouse models and produced 
antibodies against S. Typhi [116, 117, 118]. CVD 909 has been used as an oral primer prior to 
parenteral Vi polysaccharide vaccine. This method showed non-significant increases in 
efficacy when compared with Vi vaccine alone. Vi-specific IgA B memory cells were 
significantly increased in the subjects primed with CVD 909 which led to the conclusion that 
oral vaccines can increase immune memory [119]. 
 
7.3 Paratyphoid Vaccine 
There are currently no licensed paratyphoid vaccines. Enteric fever combination vaccines 
were previously available for use. The trivalent vaccine against typhoid, paratyphoid A and 
paratyphoid B (TAB vaccine) contained whole cell preparations of S. Typhi, S. Paratyphi A 
and S. Paratyphi B. Paratyphoid vaccines were used during World War I and World War II 
however the efficacy of the paratyphoid vaccine elements were questionable and these 
vaccines were subsequently withdrawn [120].  
 
Studies have been carried out looking at whether Ty21a provides some cross-protection 
against paratyphoid fever. Ty21a has been shown to elicit antibodies with cross-reactivity 
against S. Paratyphi A and B in vitro [121, 122]. In pooled results from two trials in Chile 
Ty21a showed 49% efficacy against S. Paratyphi B [123]. However, this effect was not 
repeated in a large randomized control trial in Indonesia, with no protection against S. 
Paratyphi A or B seen with Ty21a [66]. Ty21a may provide moderate protection against 
paratyphoid fever but the evidence is unclear. 
 
Similar to S. Typhi, paratyphoid strains have no small-animal model and infection is 
restricted to humans. Because of this a human challenge model has been developed to help 
understand paratyphoid infection and potential protection following vaccination [124]. 
Population based studies in South Asia have reported 14.5-37% of enteric fever cases were 
identified as S. Paratyphi A [125]. With this in mind an effective paratyphoid vaccine should 
have a significant impact on rates of enteric fever. Several research groups are looking at 
developing a paratyphoid vaccine with numerous potential candidates [126]. The O-specific 
polysaccharide of S. Paratyphi A is a protective antigen and a potential antigen for conjugate 
paratyphoid vaccines. Conjugation of O-specific polysaccharide to CRM197 carrier protein 
has shown bactericidal activity against S. Paratyphi A in mouse models [127]. Phase I and II 
trials of an O-specific polysaccharide conjugated to tetanus toxoid have shown 
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immunogenicity against S. Paratyphi A, however there was no booster response following a 
second injection [128]. Pre-clinical trials of a live-attenuated oral vaccine candidate for S. 
Paratyphi A (CVD 1902) showed it to be immunogenic and phase 1 trials have been 
completed [129].  
 
A live, attenuated vaccine against S. Paratyphi B was capable of protecting mice from S. 
Paratyphi B Java. The authors suggest that with a reduction in S. Typhi cases, S. Paratyphi B 
may become a more significant pathogen. Hence, a vaccine against S. Paratyphi B may be of 
clinical use in the future [130]. 
 
An effective vaccine against paratyphoid strains may become more important in the future 
given the current incidence of paratyphoid fever and the potential for paratyphoid strains to 
become more prominent as S. Typhi cases decline. 
 
7.4 Invasive Non-typhoidal Salmonella 
Non-typhoidal salmonella (NTS) infection leads to a significant burden of bacteremia, with 
an estimated 3.4 million (range 2.1–6.5 million) cases annually. The highest incidence is 
reported in Africa with 227 cases [range 152–341] per 100,000 population [131]. A 
systematic review of invasive non-typhoidal salmonella (iNTS) in Africa estimated an overall 
case fatality rate of 20.6% [132, 133]. A much higher case fatality rate has been reported in 
HIV-positive adults at 47% [134]. 
 
Similar to the situation with the pathogens of enteric fever, MDR strains of iNTS have 
emerged. MDR S. Typhimurium, ST313 has caused outbreaks in several countries across sub-
Saharan Africa [133]. With a greater understanding of the significant burden of iNTS and the 
emergence of MDR iNTS there has been recent interest in iNTS vaccine development. These 
vaccine candidates target the most common disease causing NTS serovars, S. Typhimurium 
and S. Enteritidis. Animal models have been used to assess potentially effective vaccine 
candidates including live attenuated and subunit vaccines targeting O-antigens or other 
outer membrane proteins [135, 136]. 
 
Combination vaccines which target iNTS and typhoid fever could provide control for the 
important invasive Salmonella serovars in Africa [137].  
 
8. Conclusion 
Globally the incidence of typhoid fever is decreasing, however studies demonstrate 
significant ongoing burden of disease. Provision of clean drinking water, adequate sanitation 
and safe food handling practices are integral to the prevention of typhoid. However, many 
low and middle income countries have water and sanitation systems which facilitate typhoid 
transmission. Effective antimicrobial treatment has significantly reduced mortality from 
typhoid, however new XDR strains of S. Typhi are cause for concern. Vaccination remains an 
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important element in managing typhoid fever. Efficacy against S. Typhi has been 
demonstrated for Ty21a and Vi polysaccharide vaccines in field studies. Newer TCVs have 
shown promising results in studies utilizing a human challenge model or using serological 
data to estimate efficacy. Currently large-scale field studies of TCVs are in progress and new 
typhoid vaccines are in various stages of development. Economic studies have shown that 
TCVs should be cost-effective when used in the primary vaccination schedule with a catch 
up campaign in countries with a high burden of typhoid.  
 
Some studies have suggested an increase in the incidence of paratyphoid fever. With the 
current drive towards vaccination against S. Typhi, incidence rates of paratyphoid fever 
need to be monitored. There are currently no licensed paratyphoid vaccines but vaccine 
candidates are in development. 
 
9. Expert Opinion 
Our understanding of typhoid fever has progressed to a point where we have the 
knowledge and tools to effectively eliminate typhoid. We know that improvements to water 
and sanitation systems can reduce the amount of circulating bacteria. Antibiotics can treat 
most strains of S. Typhi effectively. Vaccines are available which offer some protection 
against typhoid fever in those areas without adequate water and sanitation systems. 
So why is typhoid still killing thousands of people every year? While improvements in water 
and sanitation have eliminated endemic typhoid in many areas, several countries are 
generations away from having adequate levels of water and sanitation to prevent typhoid 
fever. While we wait for municipal services to improve, antibiotics and vaccination are 
important weapons against typhoid fever. 
 
XDR strains of S. Typhi and reports of sporadic azithromycin resistance mean that antibiotic 
treatment is becoming more complicated. Tight controls should be in place with any 
antibiotic use but this is especially true in this era of increasing antimicrobial resistance. 
Increasing use of cephalosporins and azithromycin in treating various bacterial conditions 
will lead to selective pressures which allow resistant strains of S. Typhi to thrive. Emerging 
antibiotic resistance has driven the need for new vaccine development. The GAVI funding 
window for TCVs has been open since November 2017. Several key factors need to be 
considered when a country is deciding on the introduction of TCVs including the burden of 
typhoid in a given area, the efficacy of the vaccine and the cost-effectiveness of vaccine 
introduction.  
 
Incidence of typhoid will vary from area to area even within a country, and typhoid 
incidence has been shown to peak at different ages in different countries. Accurate 
incidence rates will be key when deciding on introduction of new typhoid vaccines. 
Incidence rates will change as populations become more urbanized and put increasing 
pressure on water and sanitation systems in low and middle income countries. 
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Ongoing research aims to demonstrate that TCVs provide effective protection against 
typhoid fever in endemic settings, including providing protection to young children. The first 
results from a large-scale efficacy study in a WHO approved TCV were published at the end 
of 2019. This interim analysis showed encouraging efficacy. The final results are expected to 
be available in late 2020. 
 
Cost-effectiveness studies have suggested that including TCVs in routine vaccination 
schedules, combined with a catch-up campaign, would be cost-effective in several typhoid 
endemic areas. TCVs will become cost-effective at lower typhoid incidence rates should 
increasing antibiotic resistance make treatment of typhoid fever more difficult and 
expensive. 
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Year Study Region Cases, millions

(95% CI or UI) 
 

Incidence per 
100,000  

(95% CI or UI) 
adjusted 

Deaths, 
thousands 

(95% CI or UI) 
adjusted 

1990 Stanaway, 
2019 

Global 25.9 
(22.0 – 22.9) 

439.2 
(376.7 - 507.7) 

230.5 
(131.2 – 372.6) 

2000 Crump, 2004 Global 21 355 216 
2010 Mogasale, 

2014 
LMICs 11.9

(0.9 – 14.7) 
214 129 

(75 – 208) 
2010 Buckle, 2012 Global 26.9

(9.1 – 17.8) 
- - 

2017 Stanaway, 
2019 

Global 14.3
(12.5 – 16.3) 

197.8
(172.0 – 226.2) 

135.9
(76.9 – 218.9) 

Per year 
(1980-
2014) 

Antillon, 2017 LMICs 17.8
(6.9 – 48.4) 

293 
(111 - 794) 

- 

Table 1. Global estimates of typhoid fever incidence and deaths 
LMICs (Low and Middle Income Countries), CI (Confidence Interval), UI (Uncertainty Interval) 
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Vaccine Route of 

Administration 
Number of 
Doses in 
Primary 
Schedule 

Currently 
Recommended 
for Use by 
WHO [3, 4] 

Recommended 
Age Group for 
Vaccination 

Recommended 
Repeat 
Vaccination 
Interval 

Inactivated 
whole cell 
vaccine 

Parenteral, 
subcutaneous 

2 doses 
given 4 
weeks apart 
 

No Over 2 years of 
age 
 

Every 3 years
 

Ty21a Oral, enteric 
coated capsule 
(liquid 
formulation 
previously 
available) 

3 doses each 
given 2 days 
apart (4 
doses in 
USA/Canada)

Yes Over 6 years of 
age 
 

Every 3-7 years 
if living in 
endemic areas. 
1-7 years for 
travelers to 
endemic areas 

Vi 
polysaccharide 

Parenteral, 
intramuscular 
or 
subcutaneous 

1 dose Yes Over 2 years of 
age 
 

Every 3 years
 

Vi-TT - 
PedaTyph™ 

Parenteral, 
intramuscular 

2 doses, 4-8 
weeks 
apart† 

No (licensed in 
India) 
 

Over 3 months 
of age* 
(Safety data 
available for 
over 6 months) 

Every 10 
years*‡ 

Vi-TT - Typbar  
TCV™ 

Parenteral 1 dose Yes – WHO 
preferred 
vaccine 

From 6 months 
of age to 45 
years of age 

Booster at 3 
years* 
Protection may 
persist for up 
to 5 years§ 

Table 2. Currently available typhoid vaccines 
* Manufacturer recommendation [92] 
‡ If 3-23 months of age, booster recommended at 24-30 months of age followed by repeat 
vaccinations every 10 years 
§ High titers of Anti-Vi IgG found in 84% of children 5 years post vaccination [90] 
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Figure 1. Antimicrobial non-susceptible trends of S. Typhi over time. A) Global trends, B) 
Asian trends, C) African trends 
Reproduced from [36] (Britto CD, Wong VK, Dougan G, et al. A systematic review of antimicrobial resistance in 
Salmonella enterica serovar Typhi, the etiological agent of typhoid. PLoS Negl Trop Dis. 2018 
Oct;12(10):e0006779. https://doi.org/10.1371/journal.pntd.0006779.g002) under the terms of the Creative 
Commons Attribution License. 
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Figure 2. Percentage efficacy of current typhoid vaccines, results from large-scale field 
studies using culture positive typhoid fever as the outcome measure. 
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Figure 3. Ty21a vaccine (3 doses) versus control. Outcome: cumulative incidence of typhoid 
fever at 2.5 to 3 years. Figure reproduced with permission from [67] 
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Figure 4. Vi polysaccharide vaccine (1 dose) versus control. Outcome: incidence of typhoid 
fever. Figure reproduced with permission from [67] 
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Figure 5. Vi-rEPA (2 doses) versus control. Outcome: incidence of typhoid fever. Figure 
reproduced with permission from [67] 
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Figure 6. Vi-TT vaccine PedaTyph (2 doses) versus control. Outcome: incidence of typhoid 
fever, Year 1. Figure reproduced with permission from [67] 
 

ACCEPTED M
ANUSCRIP

T




