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Recommendations published by the World Health Organization (WHO) are intended to be 1 

scientific and advisory in nature. Each of the following sections constitutes recommendations 2 

for national regulatory authorities (NRAs) and for manufacturers of biological products. If an 3 

NRA so desires, these WHO Recommendations may be adopted as definitive national 4 

requirements, or modifications may be justified and made by the NRA. It is recommended 5 

that modifications to these WHO Recommendations are made only on condition that such 6 

modifications ensure that the product is at least as safe and efficacious as that prepared in 7 

accordance with the recommendations set out below. 8 

 9 

  10 
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Abbreviations 1 

 2 

 3 

ADH  Adipic acid dihydrazide 4 

C. freundii s.l. Citrobacter freundii sensu lato 5 

CI  confidence interval 6 

CRM197 cross-reactive material 197 7 

CTAB  hexadecyltrimethylammonium bromide 8 

DT  diphtheria toxoid 9 

EDC  1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (also abbreviated EDAC) 10 

ELISA  enzyme-linked immunosorbent assay 11 

HPAEC-CD high-performance anion exchange chromatography with conductivity 12 

detection 13 

HPAEC-PAD high-performance anion exchange chromatography with pulsed 14 

amperometric detection 15 

HPLC  high-performance liquid chromatography 16 

HPSEC high-performance size-exclusion chromatography 17 

IgA  immunoglobulin A 18 

IgG  immunoglobulin G 19 

IU  International Unit 20 

KD  (distribution constant) 21 

LAL  Limulus amoebocyte lysate (test) 22 

LPS  lipopolysaccharide 23 

MAT  monocyte activation test 24 

MW  molecular weight 25 

NMR  nuclear magnetic resonance 26 

NRA  national regulatory authority 27 

qNMR  quantitative nuclear magnetic resonance 28 

SAGE  WHO Strategic Advisory Group of Experts 29 

SDS–PAGE sodium dodecyl sulfate–polyacrylamide gel electrophoresis 30 

S. Typhi Salmonella enterica serovar Typhi 31 

TCV  typhoid conjugate vaccine 32 

TT  tetanus toxoid 33 

Vi-rEPA Vi polysaccharide conjugated to recombinant exoprotein A of Pseudomonas 34 

aeruginosa  35 
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Introduction 1 

 2 

The WHO Guidelines on the quality, safety and efficacy of typhoid conjugate vaccines were 3 

developed following a series of international consultations in 2012 and 2013, and were 4 

adopted by the WHO Expert Committee on Biological Standardization at its sixty-fourth 5 

meeting in October 2013 (1). Since that time, there have been several major developments 6 

with respect to typhoid conjugate vaccines (TCVs), including: 7 

 8 

▪ The establishment of WHO international standards for Vi antigens and Vi antibodies 9 

(human). 10 

▪ The licensing of TCVs in some countries. 11 

▪ The publication of a WHO Strategic Advisory Group of Experts (SAGE) position 12 

paper in 2018 recommending the use of TCVs from 6 months to 45 years of age, and 13 

that the introduction of TCVs into routine immunization programmes be prioritized 14 

in countries with the highest burden of typhoid disease or with a high burden of 15 

antimicrobial-resistant Salmonella Typhi. 16 

▪ Approval of funding support by Gavi, the Vaccine Alliance, for the introduction of 17 

TCVs in Gavi-eligible countries starting in 2019. 18 

▪ WHO Prequalification in 2017 of the Typbar-TCV1 produced by a manufacturer in 19 

India. 20 

 21 

The impact of these developments on the production and quality control of TCVs and on their 22 

nonclinical and clinical evaluation is reflected in the present revision. As TCVs have been 23 

licensed since the development of the original WHO Guidelines in 2013, the current 24 

document provides recommendations for the evaluation of such vaccines rather than guiding 25 

principles. As a consequence of the increasing demand for TCVs, together with the above-26 

mentioned Gavi decision on funding, new vaccine developers and manufacturers are entering 27 

the field and should benefit from updated WHO recommendations. Further clinical evaluation 28 

of TCVs, the detailed investigation of immune responses to these vaccines and the search for 29 

a true immunological correlate or surrogate of protection are ongoing and Part C of this 30 

document may therefore require further updating as new data become available. 31 

 32 

Other significant changes reflected in the current document include the updating in 2017 of 33 

the WHO Guidelines on clinical evaluation of vaccines: regulatory expectations (2) which 34 

provide methodological considerations for the clinical evaluation of vaccine immunogenicity, 35 

efficacy and safety. Manufacturers and regulators should also take note of the decision of the 36 

Committee in 2018 to discontinue the inclusion of the general safety (innocuity) test in 37 

routine lot release testing requirements for all vaccines in WHO Recommendations, 38 

Guidelines and other guidance documents for biological products (3). This test is therefore 39 

                                                 
1 See: WHO Prequalified Vaccines at: https://extranet.who.int/gavi/PQ_Web/ 

https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
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not included in the manufacturing recommendations provided in Part A of the current 1 

document. 2 

 3 

Terminology 4 

 5 

The definitions given below apply to the terms as used in these WHO Recommendations. 6 

These terms may have different meanings in other contexts. 7 

 8 

Activated carrier protein: a carrier protein that has been chemically or physically 9 

modified and prepared for conjugation to the polysaccharide. 10 

Activated polysaccharide: purified polysaccharide that has been modified by a 11 

chemical reaction or a physical process in preparation for conjugation to the activated carrier 12 

protein. 13 

Carrier protein: the protein to which the Vi polysaccharide is covalently linked for 14 

the purpose of eliciting a T-cell-dependent immune response to the Vi polysaccharide. 15 

Final bulk: the homogeneous preparation from one or more lots of purified bulk 16 

conjugate in a single container from which the final containers are filled, either directly or 17 

through one or more intermediate containers. 18 

Final lot: a number of sealed, final containers that are equivalent with respect to the 19 

risk of contamination that may have occurred during filling and, when it is performed, freeze-20 

drying. A final lot must therefore have been filled from a single container and if freeze-dried, 21 

this should be completed in one continuous working session. 22 

Master seed lot: bacterial suspensions for the production of Vi polysaccharide or the 23 

carrier protein should be derived from a strain that has been processed as a single lot and is of 24 

uniform composition. The master seed lot is used to prepare the working seed lots. Master 25 

seed lots should be maintained in the freeze-dried form or be frozen at or below −45 °C. 26 

Purified bulk conjugate: a purified bulk conjugate is prepared by the covalent 27 

bonding of activated Vi polysaccharide to the carrier protein, followed by the removal of 28 

residual reagents and reaction by-products. This is the parent material from which the final 29 

bulk is prepared. 30 

Purified polysaccharide: the material obtained after final purification of 31 

polysaccharide. The lot of purified polysaccharide may be derived from a single harvest or a 32 

pool of single harvests that have been processed together. 33 

Single harvest: the material obtained from one batch of culture that has been 34 

inoculated with the working seed lot (or with the inoculum derived from it), harvested and 35 

processed during one production run. 36 

Working seed lot: a quantity of bacterial suspension for the production of Vi 37 

polysaccharide or the carrier protein that is of uniform composition and that has been derived 38 

from the master seed lot by growing the organisms and maintaining them in freeze-dried 39 

aliquots or frozen at or below −45 °C. The working seed lot is used to inoculate the 40 

production medium. 41 

 42 

 43 
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General considerations 1 

 2 

Typhoid fever is an acute generalized infection of the mononuclear phagocyte system 3 

(previously known as the reticuloendothelial system), intestinal lymphoid tissue and gall 4 

bladder caused by Salmonella enterica serovar Typhi (S. Typhi). Paratyphoid fever is a 5 

clinically indistinguishable illness caused by S. enterica serovar Paratyphi A or B (or, more 6 

rarely, C) (4–6). Typhoid and paratyphoid fevers are referred to collectively as enteric fever. 7 

In most endemic areas, typhoid accounts for approximately 75–80% of cases of enteric fever. 8 

However, in some regions, particularly in some parts of Asia, S. Paratyphi A accounts for a 9 

relatively larger proportion of all enteric fevers (7–9). Prospective vaccines against S. 10 

Paratyphi are not included in the scope of the current document. 11 

 12 

Pathogen 13 

 14 

S. Typhi is a member of the family Enterobacteriaceae. It is a Gram-negative, non-lactose 15 

fermenting bacillus that produces trace amounts of hydrogen sulfide. Its antigens include an 16 

immunodominant lipopolysaccharide (LPS) O9, flagellar H phase 1 antigen “d” and capsular 17 

polysaccharide Vi. 18 

 19 

Vi acts as a virulence factor by preventing anti-O antibody from binding to the O antigen (10) 20 

and inhibits the C3 component of the complement system from fixing to the surface of S. 21 

Typhi (11). The Vi antigen is not unique to S. Typhi – it is also expressed by S. Paratyphi C, 22 

Citrobacter freundii sensu lato (C. freundii s.l.) and some clades of S. enterica serovar 23 

Dublin. The genes responsible for the biosynthesis of Vi polysaccharide are located in a locus 24 

(viaB) within the Salmonella pathogenicity island 7 (SPI-7) in the S. Typhi chromosome. 25 

Several other loci participate in the complex regulation of Vi expression. Almost all S. Typhi 26 

isolates from blood cultures express Vi. Nevertheless, Vi-negative strains have been 27 

identified occasionally, both in sporadic cases as well as during outbreaks (12). Some of these 28 

strains are regulatory mutants that can revert to a Vi-positive state (13). However, some Vi-29 

negative isolates from blood have been shown to harbour deletion mutations in critical genes 30 

(for example, tviB) within the viaB locus that render the strains unable to synthesize Vi. This 31 

raises the theoretical concern that large-scale usage of Vi-containing vaccines (either 32 

polysaccharide or conjugate) could lead to selective pressure that creates a biological 33 

advantage for the emergence of Vi-negative strains (14). 34 

 35 

Pathogenesis 36 

 37 

Typhoid infection begins with ingestion of S. Typhi in contaminated food or water. In the 38 

small intestine, the bacteria penetrate the mucosal layer and ultimately reach the lamina 39 

propria. Translocation from the intestinal lumen mainly occurs through S. Typhi targeting M 40 

cells overlying gut-associated lymphoid tissue. Within this lymphoid tissue and in the lamina 41 

propria, S. Typhi invokes an influx of macrophages and dendritic cells that ingest the bacteria 42 

but fail to destroy them. Thus, some bacteria remain within macrophages in the lymphoid 43 
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tissue of the small intestine and flow into the mesenteric lymph nodes where there is an 1 

inflammatory response mediated by the release of various cytokines. Bacteria enter the 2 

bloodstream via lymphatic drainage, thereby seeding organs of the mononuclear phagocyte 3 

system (such as the spleen, liver and bone marrow) and gall bladder by means of a silent 4 

primary bacteraemia. After a typical incubation period of 8–14 days the clinical illness 5 

begins, usually with the onset of fever, abdominal discomfort and headache. An 6 

accompanying low-level secondary bacteraemia occurs. 7 

 8 

Before the availability of fluoroquinolone antibiotics, clinical relapses were observed in 5–9 

30% of patients treated with antibacterial agents such as chloramphenicol and 10 

sulfamethoxazole/trimethoprim. These post-treatment relapses occurred when typhoid bacilli 11 

re-emerged from their protected intracellular niches within the macrophages of the 12 

mononuclear phagocyte system, where the antibacterial agents could not penetrate. 13 

 14 

Several lines of investigation indicate that in a small proportion of patients infected with S. 15 

Typhi who may have premorbid abnormalities of the gall bladder mucosa (such as occurs 16 

consequent to gallstones) gall bladder infection becomes chronic (that is, excretion lasts for 17 

longer than 12 months) (15). Such chronic carriers, who are themselves not clinically affected 18 

by the presence of typhoid bacilli in their system, may excrete the pathogen in their faeces for 19 

decades (16). They are thought to serve as a long-term epidemiological reservoir in the 20 

community, and to foster the transmission of typhoid wherever there is inadequate sanitation, 21 

untreated water supplies and/or improper food handling. 22 

 23 

Epidemiology 24 

 25 

Typhoid fever is restricted to human hosts and in the late nineteenth and early twentieth 26 

century was endemic in virtually all countries in Europe and the Americas. Subsequently, the 27 

widespread use of chlorination, sand filtration and other means of water treatment drastically 28 

reduced the incidence of typhoid fever despite the high prevalence of chronic carriers (15). 29 

Typhoid remains endemic in most developing countries and is an important public health 30 

problem mainly because large segments of the population lack access to safe water and basic 31 

sanitation services (17). In addition, there are limited programmes for detecting carriers and 32 

restricting them from handling food. 33 

 34 

Disease burden 35 

 36 

Varied estimates of the annual epidemiological burden (incidence and total number of cases) 37 

of typhoid fever have been published in the scientific literature based on the extrapolation of 38 

data from various sources. The true incidence of typhoid fever in most regions of developing 39 

countries is not known. One study published in 2004 estimated that ~22 million cases occur 40 

each year causing 216 000 deaths, predominantly in school-age children and young adults; 41 

annual incidence was estimated to be 10–100 per 100 000 population (18). A systematic 42 

review of population-based studies published between 1984 and 2005 indicated an annual 43 
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incidence of 13–976 per 100 000 population each year based on diagnosis by blood culture 1 

(19). 2 

 3 

More recent analysis has shown that typhoid fever remains a major cause of enteric disease of 4 

children in low- and middle-income countries, with global estimates of disease burden 5 

ranging from 11 to 21 million typhoid fever cases and approximately 145 000 to 161 000 6 

deaths annually (20). The majority of cases occur in Asia and sub-Saharan Africa but many 7 

of the island nations of Oceania also experience a moderate to high incidence of typhoid 8 

fever and large outbreaks (21). 9 

 10 

Several factors affect the calculation of the burden of typhoid disease, with one of the most 11 

critical being how to confirm that a patient with acute febrile illness has typhoid fever. 12 

Unfortunately, there is no rapid, affordable and accurate point-of-care or laboratory 13 

diagnostic test to confirm a case of acute typhoid fever. Bone marrow culture is widely 14 

recognized as the gold standard but is impractical for widespread use. Blood culture is the 15 

most practical accurate confirmatory test but its use alone identifies only 40–80% of the cases 16 

that are detectable using bone marrow culture (22–24). Cultures of bile containing duodenal 17 

fluid and of skin snips of rose spots can be positive when blood cultures are negative (19). 18 

Prior patient treatment with antibacterial agents and the volume of blood cultured also affect 19 

the yield of cultures. Reliance on clinical diagnosis alone is not advisable because several 20 

other febrile syndromes caused by other microorganisms, such as malaria, dengue, brucellosis 21 

and leptospirosis, can be confused with typhoid in both adults and children. 22 

 23 

The incidence of typhoid, its age-specific distribution and the severity of clinical disease 24 

gleaned from passive surveillance implemented at health facilities often appear quite different 25 

to data acquired through active surveillance. During active surveillance, households are 26 

visited systematically once or twice weekly to detect fever among their members, and mild or 27 

early clinical illness can be detected. A 2008 study reported on the incidence of typhoid fever 28 

detected through passive surveillance (and through modified passive surveillance in two 29 

countries where additional health clinics were introduced into the community) in five Asian 30 

countries (25). The incidence of typhoid fever ranged from 15.3 per 100 000 person-years 31 

among people aged 5–60 years in China to 451.7 per 100 000 person-years among children 32 

aged 2–15 years in Pakistan (25). More recently, the estimated incidence in Nepal ranged 33 

from 297 to 449 per 100 000 person-years, with greater incidence occurring during the 34 

summer months (26). Incidence data from the placebo control groups in vaccine trials also 35 

provide information on the incidence of typhoid fever in multiple geographical areas and 36 

locations. However, because vaccine efficacy trials are typically carried out in areas with 37 

high endemicity, caution must be exercised when extrapolating these incidence rates to other 38 

populations. New data on age-specific occurrence in certain geographical regions, as in some 39 

sites in South Asia, confirm that typhoid fever of sufficient severity to seek medical care is 40 

common in the 1–4 year-old age group, with a large proportion of disease occurring in 41 

children between 6 months and 2 years of age (17). 42 

 43 
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There has also been an increasing number of major outbreaks associated with antimicrobial-1 

resistant S. Typhi (17, 27–31), with the increased occurrence of outbreaks due to multidrug-2 

resistant typhoidal Salmonella serovars being of particular concern. Extensively drug-3 

resistant variants of S. Typhi have also emerged in India, Bangladesh and Pakistan that 4 

severely limit treatment options and are therefore becoming increasingly difficult to treat (32, 5 

33). The S. Typhi H58 clade, with IncHI1 plasmids that carry multidrug-resistance genes and 6 

target site mutations mediating fluoroquinolone resistance, is responsible for much of the 7 

recent and dramatic spread of resistant strains in countries, such as occurred in Pakistan in 8 

2018 (33, 34). This clade is believed to have emerged on the Indian subcontinent about 30 9 

years ago and then spread to South-East Asia and more recently to sub-Saharan Africa (33). 10 

The emergence of extensively antibiotic-resistant S. Typhi (resistant to first- and second-line 11 

antibiotics) and the implications of this for disease control were reviewed in 2017 (20). The 12 

global pattern of drug-resistant S. Typhi is dynamic and changing in each location and over 13 

time. For example, in Ho Chi Minh City, Viet Nam the proportion of strains with a 14 

diminished susceptibility to fluoroquinolones increased from less than 5% to 80% within a 15 

few months in 1998 (35). A large-scale outbreak of extensively drug-resistant typhoid in 16 

Pakistan further demonstrates the importance of understanding local resistance patterns to 17 

enable the selection of appropriate antibiotics for the management of typhoid fever cases 18 

(33). 19 

 20 

Prior to the availability of antibacterial agents, typhoid resulted in a case-fatality rate of 21 

approximately 10–20% (36). Current estimates covering the post-antibiotic era range from 22 

1% to 4% of those who receive adequate therapy (37). Most of the mortality occurs in 23 

developing countries, predominantly in Asia. A 2008 review (19) reported community-based 24 

mortality ranging from 0% to 1.8% across five studies in developing countries; hospital-25 

based mortality ranged from 0% to 13.9% across all ages in 12 studies; and in children 26 

younger than 15 years, mortality ranged from 0% to 14.8% across 13 studies. Hospitalization 27 

rates of 2–40% have also been reported (25) indicating that the disease can be severe in a 28 

considerable proportion of patients. The evolution and spread of multiple antibiotic resistant 29 

S. Typhi described above further complicates the situation and leads to an increased 30 

proportion of patients experiencing clinical treatment failure and complications, increasing 31 

hospital admission and prolonged hospital stay (20). 32 

 33 

Few studies have estimated the prevalence of chronic carriers of typhoid and paratyphoid in 34 

developing countries. One survey in Santiago, Chile, conducted when typhoid fever was 35 

highly endemic there in the 1970s, estimated a crude prevalence of 694 typhoid carriers per 36 

100 000 population (38). In Kathmandu, Nepal, among 404 patients (316 females and 88 37 

males) with gall bladder disease undergoing cholecystectomy, S. Typhi was isolated from 38 

3.0% of bile cultures and S. Paratyphi A from 2.2% (39). Since the overall prevalence of 39 

cholelithiasis in the population of Kathmandu was not known, the overall prevalence of 40 

chronic carriage in that population could not be calculated. The role of chronic carriers in the 41 

transmission of typhoid fever is still unclear (17) but is thought to vary between settings of 42 

high, medium and low disease incidence (18, 40). However, chronic carriers may represent a 43 
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long-term reservoir of infection and contribute to the persistence of typhoid fever through 1 

ongoing shedding of S. Typhi and S. Paratyphi into the environment, possibly contaminating 2 

water supplies. 3 

 4 

Clinical features 5 

 6 

S. Typhi infection results in a wide spectrum of clinical features, most often characterized by 7 

persisting high-grade fever, abdominal discomfort, malaise and headache. Important clinical 8 

signs in hospitalized patients include hepatomegaly (41%), toxicity (33%), splenomegaly 9 

(20%), obtundation (2%) and ileus (1%) (41). Before antibacterial agents became available, 10 

gross bleeding from the gastrointestinal tract and perforations occurred in 1–3% of untreated 11 

patients and hospital-based reports suggest that more than 50% of patients may have serious 12 

complications. In one 2005 study (42), numerous extra-intestinal complications were reported 13 

on involving the central nervous system (3–55%), the hepatobiliary system (1–26%), the 14 

cardiovascular system (1–5%), the pulmonary system (1–6%), bones and joints (less than 15 

1%) and the haematological system (rarely). Intestinal perforations leading to peritonitis and 16 

death continue to be reported, albeit rarely, in some settings. Interestingly, the emergence of 17 

multidrug-resistant strains has been associated not only with failure to respond to antibiotic 18 

treatment but also with changes in the severity and clinical profile of enteric fever (5, 43). 19 

 20 

Immune responses to natural infection 21 

 22 

Natural typhoid infection is usually associated with detectable serum antibodies and mucosal 23 

secretory immunoglobulin A (IgA) intestinal antibody against various S. Typhi antigens. 24 

However, cell-mediated immune responses are also measurable (44–48). In areas where 25 

typhoid is endemic, there is an age-related increase in the prevalence and geometric mean 26 

titre of anti-Vi antibodies (49). Anti-flagella (H antigen) serum IgG antibodies following 27 

natural infection are long lived and have been studied for seroepidemiological surveys (50). 28 

 29 

While serological responses to LPS and flagella antigens tend to be quite strong and are 30 

commonly found in patients with culture-confirmed acute typhoid fever, only about 20% of 31 

such patients exhibit significant levels of anti-Vi antibody (51, 52). In contrast, high 32 

concentrations of anti-Vi serum IgG antibody are detected in 80–90% of chronic carriers (51, 33 

52). 34 

 35 

Cell-mediated immunity also appears to play a part in protection – it has been observed that 36 

peripheral blood mononuclear leukocytes of healthy adults residing in typhoid-endemic areas, 37 

and who have no history of typhoid, proliferate upon exposure to S. Typhi antigens (53). 38 

 39 

Disease control 40 

 41 

As with other enteric and diarrhoeal diseases, typhoid fever occurs predominantly in 42 

populations with inadequate access to safe water and basic sanitation. Effective typhoid 43 
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control requires a comprehensive approach that combines immediate measures, such as 1 

accurate and rapid diagnostic confirmation of infection and timely administration of 2 

appropriate antibiotic treatment, with sustainable longer-term solutions such as providing 3 

access to safe water and basic sanitation services, health education, appropriate hygiene 4 

among food handlers and typhoid vaccination. There is evidence that vaccination against 5 

typhoid can substantially reduce typhoid fever burden when targeted towards high-risk age 6 

groups and geographical areas, and when combined with improved sanitation (54). The most 7 

recent WHO position paper on the use of typhoid vaccines was published in 2018 (17). 8 

 9 

Typhoid vaccines 10 

 11 

Inactivated whole-cell vaccine 12 

 13 

Inactivated S. Typhi bacteria (heat inactivated and phenol preserved) were first used to 14 

prepare parenteral vaccines more than 100 years ago. In the 1960s, WHO sponsored field 15 

trials that evaluated the efficacy of inactivated parenteral whole-cell vaccines in several 16 

countries (55, 56) and documented a moderate level of efficacy lasting up to 7 years (57). 17 

Data from studies of human immune responses and immunogenicity studies in rabbits 18 

suggested that anti-H antibodies might represent an immune correlate of protection (58); later 19 

extrapolation from the results of mouse protection studies suggested that responses to Vi 20 

antigen may also correlate with protection (59, 60). However, these vaccines were associated 21 

with considerable rates of systemic adverse reactions (61) and never became widely accepted 22 

public health tools, and are thus no longer produced. 23 

 24 

Live-attenuated Ty21a oral vaccine 25 

 26 

In the early 1970s, an attenuated strain of S. Typhi was developed through chemically 27 

induced mutagenesis of pathogenic S. Typhi strain Ty2 (59). The resultant mutant strain lost 28 

the activity of the epimerase enzyme encoded by the galE gene and no longer expressed the 29 

Vi antigen. The vaccine was found to be stable, safe and efficacious in adults as well as 30 

children (62–66). The level of protective immunity achieved varied according to the 31 

formulation of the vaccine, the number of doses administered and the interval between doses. 32 

For example, three doses of a provisional formulation of vaccine administered to around 33 

32 000 children (aged 6–7 years) in Alexandria, Egypt gave a point estimate of efficacy of 34 

95% (95% confidence interval (CI) = 77–99%) during 3 years of follow-up (67). Three doses 35 

of enteric-coated capsules administered to Chilean schoolchildren (aged 6–19 years) using 36 

two different dose intervals (either alternate days or 21 days between doses) gave a point 37 

estimate of efficacy of 67% (95% CI = 47–79%) during 3 years of follow-up. For the group 38 

receiving doses on alternate days, the point estimate of protection over 7 years was 62% 39 

(95% CI = 48–73%) (56, 68). For the group receiving each dose after a 21-day interval, the 40 

corresponding point estimate of protection was 49% (95% CI = 24–66%). Another trial 41 

among Chilean schoolchildren involved the administration of four doses within 7 days and 42 

demonstrated even greater protection (69). Human challenge studies showed that 5–8 doses 43 
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of Ty21a oral vaccine resulted in high rates of anti-LPS antibody seroconversion and 87% 1 

protective efficacy (70). However, more recent human challenge studies showed that a three-2 

dose Ty21a immunization schedule resulted in a protective efficacy of only 35% after 3 

challenge when using the end-points of fever and/or bacteraemia as a diagnosis of typhoid 4 

(71). When efficacy was recalculated using the same definition for typhoid diagnosis used in 5 

the original vaccine/challenge studies (fever with subsequent microbiological confirmation) 6 

then Ty21a efficacy reached 80% (71), which is similar to that reported in the older challenge 7 

studies. 8 

 9 

Two field trials in Chile (66) and Indonesia (65) compared the use of enteric-coated capsules 10 

with three doses of the liquid formulation. In both trials, the liquid formulation was 11 

associated with greater efficacy than the capsules. In Chile, where the doses were given on 12 

alternate days, the results for the liquid formulation were superior to those obtained in 13 

Indonesia, where the doses were administered 1 week apart (point estimate of efficacy = 77% 14 

in Chile and 53% in Indonesia). In Chile, 78% protection was documented up to 5 years 15 

following vaccination with the liquid formulation (68). However, the previously marketed 16 

liquid formulation is no longer produced, and only enteric-coated capsules are currently 17 

available (17). 18 

 19 

All countries in which Ty21a is licensed utilize a three-dose course of enteric-coated capsules 20 

taken on alternate days, with the exception of the United States of America (USA) and 21 

Canada, which both use a four-dose course. This vaccine was first licensed in Europe in 1983 22 

and in the USA in 1989, and is approved for use in individuals older than 6 years. Because 23 

the vaccine is highly acid labile, stomach acidity must be neutralized or bypassed when 24 

Ty21a is fed orally. There is indirect evidence that large-scale vaccination with Ty21a may 25 

provide some degree of protection against typhoid to people who have not been vaccinated 26 

through the mechanism of herd protection. 27 

 28 

Vi polysaccharide vaccine (unconjugated) 29 

 30 

Technological advances in the late 1960s made it possible to purify Vi polysaccharide 31 

without damaging its antigenic properties and to prepare vaccines that are almost totally free 32 

of contaminating LPS (72); these vaccines are associated with low rates of febrile reactions 33 

(1–2%). Vi polysaccharide vaccine was first licensed in the USA in 1994 and since then 34 

several products have been licensed for use in individuals aged 2 years and older. One such 35 

product (Typhim-Vi) has been prequalified by WHO.1 36 

 37 

The immunological basis of protection by purified Vi polysaccharide parenteral vaccines is 38 

the generation of serum anti-Vi IgG antibodies in 85–90% of vaccine recipients older than 2 39 

years. 40 

 41 

                                                 
1 See: WHO Prequalified Vaccines at: https://extranet.who.int/gavi/PQ_Web/ 

https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
https://extranet.who.int/gavi/PQ_Web/
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Clinical trials with these vaccines showed a rise in anti-Vi antibody titres in adults and 1 

children (73–75). However, subsequent inoculations with Vi did not boost the antibody 2 

response. Although a single dose has been associated with the persistence of antibodies for up 3 

to 3 years in some recipients, many adult recipients in non-endemic areas showed a marked 4 

drop in antibody levels after 2 years (76, 77). An epidemic of typhoid fever among French 5 

soldiers deployed in Côte d’Ivoire showed that the risk of typhoid fever was significantly 6 

higher in persons vaccinated more than 3 years previously (78). 7 

 8 

Field trials in children and adults in Nepal given a single 25 µg dose showed 72% vaccine 9 

efficacy during 17 months of follow-up (73) and a field trial in schoolchildren in South 10 

Africa (also using a single 25 µg dose) showed 60% protection during 21 months of follow-11 

up (74). In South Africa, protection was found to decline to 55% at 3 years (79). Another 12 

field trial in China in people aged 3–50 years given a single 30 µg dose showed 69% efficacy 13 

during 19 months of follow-up (80). Thus, while a single dose of an unconjugated Vi 14 

polysaccharide vaccine provides moderate protection, the available data suggest that 15 

protective efficacy does not last beyond 3 years and revaccination is necessary within that 16 

time. 17 

 18 

Most data suggest that children younger than 5 years respond poorly to unconjugated Vi 19 

polysaccharide vaccines (81). However, one cluster-randomized trial in Kolkata, India (82) 20 

found that protective efficacy among young children (aged 2–4 years) was 80%, which was 21 

higher than that observed in children aged 5–14 years (56%) and in older persons (46%). In 22 

contrast, a cluster-randomized field trial of similar design and using the same Vi 23 

polysaccharide vaccine in Karachi, Pakistan reported an adjusted total protective 24 

effectiveness of −38% (95% CI = minus 192–35%) for children aged 2–5 years compared 25 

with 57% (95% CI = 6–81%) for children aged 5–16 years (81). 26 

 27 

Thus, a single dose of unconjugated Vi polysaccharide vaccine can provide moderate 28 

protection for a limited duration, but such vaccines have the usual limitations associated with 29 

polysaccharide vaccines, including poor immunogenicity in infants and young children, 30 

short-lived immunity and lack of anamnestic immune responses to subsequent doses (76, 82, 31 

83). 32 

 33 

Vi polysaccharide–protein conjugate vaccine 34 

 35 

Experience with other polysaccharide–protein conjugate vaccines (such as Haemophilus 36 

influenzae type b, meningococcal and pneumococcal vaccines) has shown that conjugation to 37 

a carrier protein overcomes many of the limitations associated with unconjugated bacterial 38 

polysaccharides. On the basis of this, several Vi polysaccharide–protein conjugate vaccines 39 

have been developed or are under development. These include vaccines based on Vi 40 

polysaccharide conjugated to tetanus toxoid (TT), diphtheria toxoid (DT), the nontoxic 41 

mutant of diphtheria toxin cross-reactive material 197 (CRM197) as well as on the prototype 42 

Vi polysaccharide conjugated to nontoxic recombinant exoprotein A of Pseudomonas 43 
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aeruginosa (Vi-rEPA) (84). One TCV that uses Vi prepared from C. freundii s.l. and CRM197 1 

as the carrier protein has been shown to elicit a higher level of anti-Vi IgG compared to an 2 

unconjugated Vi polysaccharide vaccine in European adults who have never been exposed to 3 

typhoid fever (85). Vi preparations from C. freundii s.l. are immunologically 4 

indistinguishable from and structurally similar to those from S. Typhi (85–87), though size 5 

and behaviour differences have been observed for Vi polysaccharide from S. Typhi and C. 6 

freundii s.l. using high-performance size-exclusion chromatography (HPSEC) (87). 7 

 8 

Four TCVs have been licensed in India since 2008; three consisting of Vi polysaccharide 9 

conjugated to TT and one to CRM197. Other TCVs are in late-stage development in some 10 

Asian countries. Typbar-TCV (a Vi–TT conjugate vaccine) was licensed in India in 2013 for 11 

use in children aged 6 months or older and in adults up to 45 years of age on the basis of 12 

immunogenicity and safety demonstrated in a Phase III study in an endemic setting (17, 88). 13 

The results showed that anti-Vi antibody titres were significantly higher among recipients of 14 

Typbar-TCV than those vaccinated with the unconjugated Vi polysaccharide vaccine. 15 

Furthermore, the high geometric mean titres of IgG anti-Vi antibodies elicited by a single 16 

dose of Typbar-TCV persisted for up to 5 years in approximately 84% of children. The 17 

vaccine was prequalified by WHO in December 2017. A protective efficacy of 87.1% (95% 18 

CI = 47.2–96.9%) against persistent fever associated with positive blood culture for S. Typhi 19 

was subsequently demonstrated in human challenge studies (89). Interim data on the efficacy 20 

of Typbar-TCV in an endemic population in Nepal have also recently been published (26). 21 

These data, from a Phase III participant-observer blinded randomized study in children aged 22 

9 months to 16 years of age, confirmed that a single dose of Typbar-TCV was safe, 23 

immunogenic and effective in this field setting, with an efficacy of 81.6% (95% CI = 58.8–24 

91.8%) (26). This conclusion is supported by new data from Pakistan (vaccine efficacy = 25 

~89%) and India (vaccine efficacy = 82%). In view of the improved immunological 26 

properties of TCVs compared to the other available typhoid vaccine types, their suitability for 27 

use in young children and longer expected duration of protection, the WHO SAGE 28 

recommended such vaccines as the preferred type for use in individuals from 6 months to 45 29 

years of age, and that the introduction of TCVs be prioritized in countries with the highest 30 

burden of typhoid fever or with a high burden of antimicrobial-resistant S. Typhi (17). 31 

 32 

Although no internationally agreed correlates or surrogates of protection have yet been 33 

identified for Vi conjugate vaccines, a number of suggested correlates have been proposed. 34 

Based on the assay used to measure anti-Vi IgG serum antibodies generated in response to 35 

the prototype United States National Institutes of Health Vi-rEPA conjugate vaccine in Viet 36 

Nam, a threshold value of 4.3 µg/mL anti-Vi antibody measured by enzyme-linked 37 

immunosorbent assay (ELISA) was found to be associated with a high level of sustained 38 

protection lasting 4 years after vaccination (90, 91). A placebo-controlled randomized 39 

double-blind study in Vietnamese children aged 2–5 years in a highly endemic area produced 40 

an estimated efficacy of 89% for the Vi-rEPA vaccine over 46 months of follow-up (92, 93). 41 

However, although a study to evaluate Vi-TT in Nepal (94) found that higher anti-Vi IgG 42 

levels are associated with greater protection against typhoid infection, no threshold level 43 
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could be identified at which the probability of infection becomes negligible within the range 1 

of antibody levels induced by vaccination. 2 

 3 

It is acknowledged that there are difficulties in comparing any immunogenicity data 4 

generated using new TCVs and current ELISA protocols to the data generated in the original 5 

Vi-rEPA trial in Viet Nam (20). However, the inclusion of a working reference serum 6 

calibrated against the First WHO International Standard for anti-typhoid capsular Vi 7 

polysaccharide immunoglobulin G (see International reference materials below) can 8 

improve the interpretation of data from clinical trials (95, 96). The use of this WHO 9 

international standard will ensure consistency in determining serum titres and thus allow for 10 

the comparison of data generated by different assays and/or different laboratories. 11 

 12 

It has been suggested that variability in the biophysical properties of antibodies induced by Vi 13 

polysaccharide and Vi-TT conjugated vaccines (such as antibody subclass distribution and 14 

avidity) may also impact protective outcomes. One recent study (97) identified serum Vi IgA 15 

as a biomarker of protective immunity against typhoid fever and quantified the concentration 16 

of Vi IgA in vaccine recipients. However, no correlate of protection was identified and it was 17 

concluded that further work was needed to determine whether IgA represents a true correlate 18 

of protection or a surrogate marker of another underlying immune response. 19 

 20 

Challenge studies 21 

 22 

The development of vaccines against typhoid fever has been complicated by the human host 23 

restriction of S. Typhi, the lack of clear correlates of protection, the required scale of field 24 

trials of efficacy and uncertainty about the estimation of vaccine impact. Historically, only 25 

the chimpanzee model of the 1960s demonstrated a pathogenesis and clinical illness that 26 

somewhat recapitulated typhoid fever in humans (98–101). However, the chimpanzee model 27 

is no longer permissible and recent animal models (including ones based on “humanized” 28 

small animals) have not been able to mimic the disease process of human typhoid, despite 29 

many attempts (102–107). Instead, a human challenge model has been used to overcome 30 

some of these difficulties and to provide direct estimation of efficacy in vaccine recipients 31 

who are deliberately challenged with the pathogen in a controlled setting (108, 109). The first 32 

setting during the 1950s to early 1970s involved volunteers in a penal institution (70, 110–33 

112) whereas more recent studies have involved community volunteers (108, 109). 34 

 35 

International reference materials 36 

 37 

Two WHO international standards for Vi polysaccharide have been developed to measure the 38 

polysaccharide content of typhoid vaccines (113–115). The Vi polysaccharide content of 39 

these two standards was assessed using quantitative nuclear magnetic resonance (qNMR). 40 

The First WHO International Standard for Salmonella Typhi Vi polysaccharide (NIBSC code 41 

16/126) has a content of 2.03 ± 0.10 mg Vi polysaccharide/ampoule. The First WHO 42 

International Standard for Citrobacter freundii Vi polysaccharide (NIBSC code 12/244) has a 43 
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content of 1.94 ± 0.12 mg Vi polysaccharide/ampoule (113–115). Both standards can be used 1 

in physicochemical assays, for example, high-performance anion exchange chromatography 2 

with pulsed amperometric detection (HPAEC-PAD) or in immunoassays such as rocket 3 

immunoelectrophoresis to measure the amount of Vi polysaccharide in final product, bulk 4 

conjugate and process intermediates. In addition, these Vi polysaccharide standards can be 5 

used as coating antigens for in-house ELISAs (115–117). When analyzing the content of Vi 6 

polysaccharide vaccines the homologous Vi polysaccharide standard should be used. For 7 

example, if the conjugate has been made with Citrobacter Vi polysaccharide then the 8 

Citrobacter Vi polysaccharide standard would be the more appropriate standard to use. The 9 

use of these WHO standards decreases the variability of in-house assays (114, 115). 10 

 11 

In addition, a First WHO International Standard for anti-typhoid capsular Vi polysaccharide 12 

IgG (human) (NIBSC code 16/138) is available and consists of pooled post-immunization 13 

sera obtained following vaccination with plain Vi polysaccharide or conjugated Vi 14 

polysaccharide according to the immunization schedule of Jin et al. (89). This international 15 

standard was evaluated in both commercial and in-house ELISAs, and assigned a 16 

concentration of 100 International Units (IU)/ampoule (95, 116, 117). This primary reference 17 

standard should be used as a calibrant for in-house and working standards that are used to 18 

evaluate the immunogenicity of licensed vaccines and vaccine candidates in clinical studies 19 

(116, 117). The United States reference reagent Vi-IgGR1,2011 was also included in the 20 

collaborative study to establish the standard material 16/138 and was determined to contain 21 

163 IU/mL (116). As Vi-IgGR1,2011 had been established as containing 33 µg anti-Vi IgG/mL 22 

(90) (equivalent to 33 µg/vial) it can be assumed that 1 µg anti-Vi IgG/mL is equivalent to 23 

4.94 IU/mL. 24 

 25 

A further collaborative study was then conducted in which the standard materials 16/138 and 26 

12/244 were used to evaluate a standardized in-house ELISA based on a co-coating of Vi 27 

polysaccharide and poly-L-lysine. The results obtained indicate that this generic assay would 28 

be a suitable alternative to the commercial Vi polysaccharide ELISA (96). 29 

 30 

All of the above WHO international standards are available from the National Institute for 31 

Biological Standards and Control, Potters Bar, the United Kingdom.1 For the latest list of 32 

appropriate WHO international standards and reference materials, the WHO Catalogue of 33 

International Reference Preparations should be consulted.2 34 

 35 

 36 

 37 

 38 

 39 

 40 

                                                 
1 See: www.nibsc.org/products 
2 See: www.who.int/bloodproducts/catalogue 

http://www.nibsc.org/products
http://www.nibsc.org/products
http://www.nibsc.org/products
http://www.nibsc.org/products
http://www.nibsc.org/products
http://www.who.int/bloodproducts/catalogue
http://www.who.int/bloodproducts/catalogue
http://www.who.int/bloodproducts/catalogue
http://www.who.int/bloodproducts/catalogue
http://www.who.int/bloodproducts/catalogue
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Part A. Manufacturing recommendations 1 

 2 

A.1 Definitions 3 

 4 

A.1.1 International name and proper name 5 

 6 

The international name of the vaccine should be “typhoid conjugate vaccine”. The proper 7 

name should be the equivalent of the international name in the language of the country of 8 

origin. 9 

 10 

The use of the international name should be limited to vaccines that meet the specifications 11 

given below. 12 

 13 

A.1.2 Descriptive definition 14 

 15 

A typhoid conjugate vaccine (TCV) is a preparation of S. Typhi or C. freundii s.l. Vi 16 

polysaccharide covalently linked to a carrier protein. It may be formulated with a suitable 17 

adjuvant and/or a preservative. It should be presented as a sterile aqueous suspension or as 18 

freeze-dried material. The preparation should meet all of the specifications given below. 19 

 20 

A.2 General manufacturing recommendations 21 

 22 

The general guidance provided in WHO good manufacturing practices for pharmaceutical 23 

products: main principles (118) and WHO good manufacturing practices for biological 24 

products (119) should be followed at establishments manufacturing Vi conjugate vaccines. 25 

 26 

The production method should be shown to consistently yield Vi conjugate vaccines of 27 

satisfactory quality as outlined in these WHO Recommendations. All assay procedures used 28 

for quality control of the conjugate vaccine and vaccine intermediates should be validated. 29 

Post-licensure changes to the manufacturing process and quality control methods should also 30 

be validated and may require approval from the NRA prior to implementation (120–122). 31 

 32 

Production strains for Vi polysaccharide and the carrier proteins may represent a hazard to 33 

human health and should be handled under appropriate containment conditions based on risk 34 

assessment and applicable national and local regulations (123). Standard operating 35 

procedures should be developed to deal with emergencies arising from accidental spills, leaks 36 

or other accidents. Personnel employed by the production and control facilities should be 37 

adequately trained. Appropriate protective measures, including vaccination, should be 38 

implemented if available. 39 

 40 

If raw materials used in the culture media or in subsequent manufacturing steps contain 41 

materials of animal origin, they should comply with the current WHO Guidelines on 42 
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transmissible spongiform encephalopathies in relation to biological and pharmaceutical 1 

products (124). 2 

 3 

A.3 Control of source materials 4 

 5 

A.3.1 Bacterial strains 6 

 7 

The bacterial strain used for preparing Vi polysaccharide or carrier protein should be from a 8 

single well-characterized stock that can be identified by a record of its history, including the 9 

source from which it was obtained, number of passages and the tests used to determine the 10 

characteristics of the strain. Information regarding materials of animal origin used during 11 

passages of the bacterial strain should be provided, such as compliance with the current WHO 12 

Guidelines on transmissible spongiform encephalopathies in relation to biological and 13 

pharmaceutical products (124) or a statement of risk assessment. 14 

 15 

A.3.1.1 Bacterial strain for preparing Vi polysaccharide 16 

 17 

The strain used should be capable of stably producing Vi polysaccharide. S. Typhi and C. 18 

freundii s.l. have been shown to be suitable sources of Vi polysaccharide. Proton nuclear 19 

magnetic resonance (1H NMR) spectroscopy, immunochemical tests or any other suitable 20 

method may be used for confirming the identity of the polysaccharide. 21 

 22 

A.3.2 Bacterial seed lot system 23 

 24 

The production of both Vi polysaccharide and the carrier protein should be based on a seed 25 

lot system consisting of a master seed and a working seed. Cultures derived from the working 26 

seed should have the same characteristics as the cultures of the strain from which the master 27 

seed lot was derived. Each new seed lot prepared should be characterized using appropriate 28 

control tests to ensure comparable quality attributes to those of the previous seed lot. New 29 

seed lots should also be shown to have comparable Vi polysaccharide or carrier protein yields 30 

in routine manufacturing prior to their use. 31 

 32 

The control tests for master and working seed lots may include culture purity, strain identity, 33 

Vi polysaccharide immunoassay or any other method(s) suitable for the characterization of Vi 34 

polysaccharide or carrier protein. 35 

 36 

A.3.3 Bacterial culture media 37 

 38 

Manufacturers are encouraged to avoid the use of materials of animal origin. However, if the 39 

culture medium does contain materials of animal origin, these should comply with the current 40 

WHO Guidelines on transmissible spongiform encephalopathies in relation to biological and 41 

pharmaceutical products (124). The use of materials of animal origin should be discussed 42 

with and approved by the NRA. 43 
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 1 

The culture medium used to prepare bacterial seed lots and commercial vaccine lots should 2 

also be free from substances likely to cause toxic or allergic reactions in humans. 3 

Additionally, the liquid culture medium used to produce polysaccharide intermediate should 4 

be free from ingredients that will form a precipitate upon addition of chemical compounds, 5 

such as hexadecyltrimethylammonium bromide (CTAB), used for the purification of the Vi 6 

polysaccharide. 7 

 8 

A.4 Control of vaccine production 9 

 10 

A.4.1 Control of polysaccharide antigen production 11 

 12 

The Vi polysaccharides that are used in licensed vaccines are defined chemical substances if 13 

they are prepared to similar specifications, for example as described in the WHO 14 

Requirements for Vi polysaccharide typhoid vaccine (125) and the requirements set out in the 15 

following sections of the current document. As a result, it is expected that they will be 16 

suitable for the preparation of TCVs. 17 

 18 

A.4.1.1 Single harvests for preparing Vi polysaccharide antigen 19 

 20 

The consistency of the production process should be demonstrated by monitoring the growth 21 

of the organisms and the yield of Vi polysaccharide. 22 

 23 

A.4.1.1.1 Consistency of microbial growth for antigen production 24 

 25 

The consistency of the growth of production strains should be demonstrated by monitoring 26 

the growth rate, pH, pO2 and the final yield of Vi polysaccharide – though monitoring should 27 

not be limited to these parameters. 28 

 29 

A.4.1.1.2 Bacterial purity 30 

 31 

Samples of the culture should be taken before inactivation and examined for microbial 32 

contamination. The purity of the culture should be verified using suitable methods, such as 33 

inoculation on appropriate culture media. If contamination is found, the culture and any 34 

product derived from it should be discarded. 35 

 36 

A.4.1.2 Bacterial inactivation and antigen purification 37 

 38 

Generally, S. Typhi is inactivated using a suitable method such as chemical treatment (for 39 

example, with formaldehyde), heating or other alternative methods prior to purification. The 40 

inactivation process should be validated and monitored using a validated test during routine 41 

manufacturing. If a chemical agent is used for inactivation, its residual level should be 42 



WHO/BS/2020.2387 

Page 23 

 

controlled as described in section A.4.1.3.10 below. C. freundii s.l. cultures are, generally, 1 

not inactivated prior to processing. 2 

 3 

After inactivation where appropriate, the biomass of S. Typhi or C. freundii s.l. is removed 4 

using an appropriate method such as centrifugation or tangential flow filtration. The Vi 5 

polysaccharide may be then purified from the supernatant by precipitation with CTAB or by 6 

other suitable methods approved by the NRA. Bioburden should be monitored during 7 

purification. The purified Vi polysaccharide should be stored under appropriate conditions 8 

that have been shown to retain the integrity of the Vi polysaccharide (for example, powder at 9 

2–8 °C or lower and solution at −20 °C or lower). Hold times should be based on the results 10 

of stability studies and approved by the NRA. 11 

 12 

A.4.1.3 Control of purified Vi polysaccharide antigen 13 

 14 

Each lot of purified Vi polysaccharide should be tested for identity and purity, as well as the 15 

additional parameters described below. All tests should be validated and any test limits or 16 

ranges not defined by a pharmacopoeia should be agreed with the NRA. 17 

 18 

A.4.1.3.1 Identity 19 

 20 

Vi polysaccharide is a linear homopolymer composed of (l →4)-2-acetamido-2-deoxy--D-21 

galacturonic acid that is O-acetylated at carbon-3 (126). 22 

 23 

A test should be performed on the purified polysaccharide to verify its identity, such as NMR 24 

spectroscopy (127) or a suitable immunoassay, as appropriate and convenient. 25 

 26 

A.4.1.3.2 Molecular size or mass distribution 27 

 28 

The molecular size or mass distribution of each lot of purified polysaccharide should be 29 

estimated to assess the consistency of each batch. The distribution constant (KD) should be 30 

determined by measuring the molecular size distribution of the polysaccharide at the main 31 

peak of the elution curve obtained by a suitable chromatographic method. The KD value or 32 

the mass distribution limits, or both, should be established and shown to be consistent from 33 

lot to lot for a given product. To ensure consistency and a defined proportion of high 34 

molecular size polysaccharide for gel filtration using HPSEC, typically at least 50% of the Vi 35 

polysaccharide should elute at a KD value less than a predefined value, depending on the 36 

chromatographic method used. However, if molecular weight (MW) is determined by static 37 

light scattering then there is no need for a KD value since it is a coefficient that is dependent 38 

on the column used. 39 

 40 

An acceptable level of consistency should be agreed with the NRA. Alternatively, calculation 41 

of the peak width at the 50% level can be used to analyse the distribution of MW. Suitable 42 

detectors for this purpose include a refractive index detector (128), alone or in combination 43 
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with a static light scattering detector (for example, multi-angle laser light scattering detector) 1 

(87) and/or a viscometer. The methodology used should be validated to demonstrate 2 

sufficient resolution in the appropriate MW range. Manufacturers are encouraged to produce 3 

Vi polysaccharide that has a consistent distribution of molecular size. 4 

 5 

Due to its high viscosity on molecular sizing columns, the Vi polysaccharide does not behave 6 

the same as other polysaccharides; therefore, column matrices and eluents should be carefully 7 

chosen to ensure a representative recovery (87). 8 

 9 

A.4.1.3.3 Polysaccharide content 10 

 11 

The concentration of the Vi polysaccharide in its O-acetylated acid form can be measured 12 

using the Hestrin method (114, 129) or the acridine orange method (126, 130). More-specific 13 

methods, such as NMR (127) or HPAEC-PAD (130, 131), are also acceptable, and a suitable 14 

immunoassay, for example rocket immunoelectrophoresis or ELISA, may be considered. A 15 

suitable reference preparation of Vi polysaccharide calibrated against the First WHO 16 

International Standard for Citrobacter freundii Vi polysaccharide (NIBSC code 12/244) or 17 

against the First WHO International Standard for Salmonella Typhi Vi polysaccharide 18 

(NIBSC code 16/126) should be used where appropriate (see International reference 19 

materials above). These methods should be validated and agreed with the NRA. 20 

 21 

A.4.1.3.4 O-acetyl content 22 

 23 

The O-acetyl content of the purified Vi polysaccharide is important for the immunogenicity 24 

of Vi (87, 126, 132) and should be at least 2.0 mmol/g polysaccharide (52% O-acetylation), 25 

unless justified. The Hestrin method (129), NMR (127, 133), high-performance anion 26 

exchange chromatography with conductivity detection (HPAEC-CD) (134) or other suitable 27 

methods may be used to quantitatively determine O-acetylation. The methods and acceptance 28 

criteria used should be agreed with the NRA. 29 

 30 

A.4.1.3.5 Moisture content 31 

 32 

If the purified polysaccharide is to be stored as a dried form, the moisture content should be 33 

determined using suitable validated methods, and the results should be within established 34 

limits. The methods and acceptable limits used should be agreed with the NRA. 35 

 36 

A.4.1.3.6 Protein impurity 37 

 38 

The protein content should be determined using a suitable validated method, such as that of 39 

Lowry et al. (135), and using bovine serum albumin as a reference. Sufficient polysaccharide 40 

should be assayed to accurately detect protein contamination. Each lot of purified 41 

polysaccharide should typically contain no more than 1% (weight/weight) of protein. 42 

 43 
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A.4.1.3.7 Nucleic acid impurity 1 

 2 

Each lot of purified polysaccharide should contain no more than 2% nucleic acid by weight 3 

as determined by ultraviolet spectroscopy on the assumption that the absorbance of a 10 g/L 4 

nucleic acid solution contained in a cuvette of 1 cm path length at 260 nm is 200 (136). Other 5 

validated methods may be used. Sufficient polysaccharide should be assayed to accurately 6 

determine nucleic acid contamination. 7 

 8 

A.4.1.3.8 Phenol content 9 

 10 

If phenol has been used to prepare the Vi polysaccharide antigen, each lot should be tested 11 

for phenol content using a validated method approved by the NRA. The phenol content 12 

should be expressed in µg/mg of purified Vi antigen and shown to be consistent and within 13 

the limits approved by the NRA. 14 

 15 

A.4.1.3.9 Endotoxin 16 

 17 

The endotoxin content of each lot of purified Vi polysaccharide should be determined and 18 

shown to be within limits agreed with the NRA. Suitable in vitro methods include the 19 

Limulus amoebocyte lysate (LAL) test or a monocyte activation test (MAT). 20 

 21 

A.4.1.3.10 Residual process-related contaminants 22 

 23 

The levels of residual process-related contaminants in the purified polysaccharide (for 24 

example, CTAB, formaldehyde or other bacterial inactivating agent, and antifoaming agents) 25 

should be determined, and shown to be below the limits agreed with the NRA. The routine 26 

testing of each lot before release for residual process-related contaminants may be omitted 27 

once consistency of production has been demonstrated on a number of lots; this number 28 

should be agreed with the NRA. 29 

 30 

A.4.1.4 Activated polysaccharide 31 

 32 

Purified Vi polysaccharide is usually activated to enable conjugation; it may also be partially 33 

depolymerized or fragmented, either before or during the activation process. 34 

 35 

A.4.1.4.1 Chemical activation 36 

 37 

Several methods are satisfactory for the chemical activation modification of Vi 38 

polysaccharides prior to conjugation. The method that is chosen should be approved by the 39 

NRA. As part of the in-process control procedures, the processed Vi polysaccharide that will 40 

be used in the conjugation reaction should be assessed to determine the number of functional 41 

groups introduced. 42 

 43 
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A.4.1.4.2 Molecular size or mass distribution 1 

 2 

If any size-reduction or activation steps are performed, the average size or mass distribution 3 

(that is, the degree of polymerization) of the processed Vi polysaccharide should be measured 4 

using a suitable method. The size or mass distribution should be controlled using appropriate 5 

limits as these may affect the reproducibility of the conjugation process as well as the 6 

immunogenicity of the conjugate. 7 

 8 

A.4.2 Control of carrier protein production 9 

 10 

A protein that is safe and, when covalently linked with polysaccharide, elicits a T-cell-11 

dependent immune response against polysaccharide could potentially be used as a carrier 12 

protein. Suitable carrier proteins include, but are not limited to, TT, DT, CRM197 and rEPA. 13 

 14 

A.4.2.1 Consistency of microbial growth for the carrier protein 15 

 16 

The consistency of the growth of the microorganisms used to prepare the carrier protein 17 

should be demonstrated by parameters, such as growth rate, pH and the final yield of the 18 

carrier protein. 19 

 20 

A.4.2.2 Characterization and purity of the carrier protein 21 

 22 

Carrier proteins should be assayed for purity and concentration and tested to ensure they are 23 

nontoxic and appropriately immunogenic. All tests used to control the carrier protein should 24 

be approved by the NRA. 25 

 26 

Preparations of TT and DT should satisfy the relevant WHO recommendations (137, 138). 27 

CRM197 can be obtained from cultures of Corynebacterium diphtheriae C7/β197 (139) or 28 

expressed recombinantly by genetically modified microorganisms (140). CRM197 with a 29 

purity of not less than 90% as determined by high-performance liquid chromatography 30 

(HPLC) should be prepared by column chromatographic methods. Residual host cell DNA 31 

content should be determined and results should be within the limits approved by the NRA 32 

for the particular product. Testing for residual host cell DNA content may be omitted if 33 

adequate validation data are available. When CRM197 is produced in the same facility as DT, 34 

tests should be carried out to distinguish the CRM197 protein from the active toxin. 35 

 36 

A test should be performed on the purified carrier protein to verify its identity. Mass 37 

spectrometry or a suitable immunoassay or physicochemical assay could be performed as 38 

appropriate and convenient. 39 

 40 

Additionally, the carrier protein should be further characterized using appropriate 41 

physicochemical methods, such as: (a) sodium dodecyl sulfate–polyacrylamide gel 42 

electrophoresis (SDS–PAGE); (b) isoelectric focusing; (c) HPLC; (d) amino acid analysis; (e) 43 
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amino acid sequencing; (f) circular dichroism; (g) fluorescence spectroscopy; (h) peptide 1 

mapping; or (i) mass spectrometry (141). Outcomes should be within the specifications of the 2 

carrier protein that was used to prepare the TCV lots evaluated in the definitive clinical 3 

studies used for licensing. 4 

 5 

A.4.2.3 Degree of activation of the carrier protein 6 

 7 

Adipic acid dihydrazide (ADH) or other appropriate linkers, such as N-succinimidyl-3-(2-8 

pyridyldithio)-propionate, can be used to modify the carrier protein. The level of protein 9 

modification should be monitored, quantified and be consistent. The use of an in-process 10 

control may be required. The reproducibility of the method used for modification should be 11 

validated. 12 

 13 

The level of modification of the carrier protein by ADH can be assessed by determining the 14 

amount of hydrazide; this can be achieved by using colorimetric reactions with 2,4,6-15 

trinitrobenzenesulfonic acid using ADH as a standard (142–144). Other suitable methods 16 

include fluorescent tagging followed by HPLC or quadrupole time-of-flight mass 17 

spectrometry. 18 

 19 

A.4.3 Conjugation and purification of the conjugate 20 

 21 

A number of methods of conjugation are in use and all involve multistep processes (130, 22 

142–145). Prior to demonstrating the immunogenicity of the Vi conjugate vaccine in clinical 23 

trials, both the method of conjugation and the control procedures should be established to 24 

ensure the reproducibility, stability and safety of the conjugate. 25 

 26 

The derivatization and conjugation processes should be monitored and analyzed for unique 27 

reaction products. Residual unreacted functional groups or their derivatives are potentially 28 

capable of reacting in vivo and may be present following the conjugation process. The 29 

manufacturing process should be validated and the limits for unreacted activated functional 30 

groups (those that are known to be clinically relevant) at the conclusion of the conjugation 31 

process should be agreed with the NRA. 32 

 33 

After the conjugate has been purified, the tests described below should be performed to 34 

assess the consistency of the production process. These tests are critical for ensuring 35 

consistency from lot to lot. 36 

 37 

A.4.4 Control of the purified bulk conjugate 38 

 39 

Tests for releasing purified bulk conjugate should be validated. 40 

 41 

A.4.4.1 Identity 42 

 43 
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A suitable immunoassay or other method should be performed on the purified bulk conjugate 1 

to verify the identity of the Vi polysaccharide. Depending on the buffer used, NMR 2 

spectroscopy may be used to confirm the identity and integrity of the polysaccharide in the 3 

purified bulk conjugate (133, 146–148). The identity of the carrier protein should also be 4 

verified using an immunoassay or other suitable method. 5 

 6 

A.4.4.2 Endotoxin 7 

 8 

The endotoxin content of the purified bulk conjugate should be determined using a suitable in 9 

vitro method (such as a LAL test or MAT) unless otherwise justified and shown to be within 10 

limits agreed with the NRA. 11 

 12 

A.4.4.3 O-acetyl content 13 

 14 

The O-acetyl content of the purified bulk conjugate should be determined by NMR, Hestrin 15 

method or other appropriate methods. The specification for the O-acetyl content of the 16 

purified bulk conjugate should be agreed with the NRA. The specification for O-acetyl 17 

content of the conjugate bulk should not be higher than that set for the purified Vi 18 

polysaccharide. 19 

 20 

A.4.4.4 Residual reagents and process impurities 21 

 22 

The purification procedures for the conjugate should remove any residual reagents that were 23 

used for conjugation and capping. The removal of reagents, their derivatives and reaction by-24 

products such as ADH, phenol and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (known 25 

as EDC, EDAC or EDCI) should be confirmed using suitable tests or by validation of the 26 

purification process. The routine testing of each lot may be omitted once consistency of 27 

production has been demonstrated on a number of lots; this number should be agreed with the 28 

NRA. 29 

 30 

The specifications of the residual reagents and the quantifiable methods to be used should be 31 

agreed upon in consultation with the NRA. 32 

 33 

Process validation should also demonstrate that no significant covalent modification of the Vi 34 

polysaccharide itself has occurred, and the percentage of modified Vi monosaccharides 35 

should not exceed what was shown to be safe and immunogenic in clinical studies. An 36 

example of this is the use of EDC, which leads to N-acylurea modifications. The N-acylurea 37 

content can be readily measured using NMR. 38 

 39 

A.4.4.5 Polysaccharide content 40 

 41 

The content of Vi polysaccharide should be determined using an appropriate validated assay 42 

such as HPAEC-PAD (90, 113, 130, 131) or immunological methods (for example, rate 43 
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nephelometry, rocket electrophoresis). For recommendations on suitable reference materials 1 

to use see International reference materials above. 2 

 3 

A.4.4.6 Conjugated and unbound (free) polysaccharide 4 

 5 

A limit for the presence of unbound (free) Vi polysaccharide relative to total Vi 6 

polysaccharide should be set for the purified bulk conjugate; this limit should be agreed with 7 

the NRA. Methods that have been used to assay unbound polysaccharide include size-8 

exclusion chromatography–reverse phase liquid chromatography (149), Capto Adhere anion-9 

exchange resin binding (150) and deoxycholate precipitation (151) followed by HPAEC-PAD 10 

or other method listed in section A 4.4.5 above. Other suitable methods may be developed 11 

and validated. 12 

 13 

A.4.4.7 Total protein and unbound (free) protein 14 

 15 

The protein content of the purified bulk conjugate should be determined using an appropriate 16 

validated assay. Each batch should be tested for conjugated and unbound protein. The 17 

unbound protein content of the purified bulk conjugate should comply with the limit for the 18 

product that has been agreed with the NRA. Appropriate methods for determining unbound 19 

protein include HPLC and capillary electrophoresis. 20 

 21 

A.4.4.8 Conjugation markers 22 

 23 

The success of the conjugation process can be assessed by characterizing the conjugate using 24 

suitable methods. For example, an increase in the MW of the protein component of the 25 

conjugate compared with the carrier protein can be demonstrated using the Coomassie blue 26 

stain with SDS–PAGE; an increase in the MW of the conjugate compared with both the Vi 27 

polysaccharide and the protein components should be demonstrated by the gel filtration 28 

profile, HPSEC, capillary electrophoresis or other suitable method. 29 

 30 

Where the chemistry of the conjugation reaction results in the creation of a unique linkage 31 

marker (for example, a unique amino acid, a linker or other measurable marker of 32 

conjugation) this should be quantified for each conjugate batch to assess the extent of the 33 

covalent reaction between the Vi polysaccharide and the carrier protein (145). This 34 

assessment of the unique linkage marker may be omitted once the consistency of conjugation 35 

is established, with the agreement of the NRA. 36 

 37 

A.4.4.9 Absence of reactive functional groups 38 

 39 

The validation batches should be shown to be free of reactive functional groups or their 40 

derivatives that are suspected to be clinically relevant on the polysaccharide and the carrier 41 

protein. 42 

 43 
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Where possible, the presence of reactive functional groups (for example, those derived by 1 

ADH treatment) should be assessed for each batch. Alternatively, the product of the capping 2 

reaction may be monitored, or the capping reaction can be validated to show that reactive 3 

functional groups have been removed. 4 

 5 

A.4.4.10 Ratio of polysaccharide to carrier protein 6 

 7 

The ratio of polysaccharide to carrier protein in the purified bulk conjugate should be 8 

calculated. For this ratio to be a suitable marker of conjugation, the content of each of the 9 

conjugate components prior to their use should be known. For each purified bulk conjugate, 10 

the ratio should be within the range approved by the NRA for that particular conjugate and 11 

should be consistent with the ratio in vaccine that has been shown to be effective in clinical 12 

trials. 13 

 14 

A.4.4.11 Molecular size or mass distribution 15 

 16 

It is important to evaluate the molecular size or mass of the polysaccharide–protein conjugate 17 

to establish the consistency of production, product homogeneity and stability during storage. 18 

 19 

The relative molecular size of the polysaccharide–protein conjugate should be determined for 20 

each purified bulk conjugate using a gel matrix appropriate for the size of the conjugate (87). 21 

The method used should be validated and should have the specificity required to distinguish 22 

the polysaccharide–protein conjugate from other components that may be present (for 23 

example, unbound protein or polysaccharide). The specification of molecular size or mass 24 

distribution should be vaccine specific and consistent with that of lots shown to be 25 

immunogenic in clinical trials. 26 

 27 

Typically, the size of the polysaccharide–protein conjugate may be examined by methods 28 

such as gel filtration using HPSEC on an appropriate column. Since the ratio of 29 

polysaccharide to protein is an average value, characterization of this ratio over the molecular 30 

size or mass distribution (for example, by using dual monitoring of the column eluent) can 31 

provide further proof of the consistency of production (141, 152). 32 

 33 

A.4.4.12 Bacterial and fungal sterility 34 

 35 

The purified bulk conjugate should be tested for bacterial and fungal sterility according to the 36 

methods described in Part A, sections 5.1 and 5.2 of the WHO General requirements for the 37 

sterility of biological substances (153), or using methods approved by the NRA. If a 38 

preservative has been added then appropriate measures should be taken to prevent it from 39 

interfering with the tests. 40 

 41 

A.4.4.13 Specific toxicity of the carrier protein 42 

 43 
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The purified bulk conjugate should be tested to confirm the absence of toxicity specific to the 1 

carrier protein where appropriate (for example, when DT or TT is used as the carrier protein). 2 

Alternatively, the absence of specific toxicity of the carrier protein may be demonstrated at 3 

the purified carrier protein stage if agreed with the NRA. 4 

 5 

A.4.4.14 pH 6 

 7 

The pH of each batch should be tested, and the results should be within the established range 8 

and compatible with stability data. 9 

 10 

A.4.4.15 Appearance 11 

 12 

The appearance of the purified bulk conjugate solution, with respect to its form and colour, 13 

should be examined by a suitable method and should meet the established specifications. For 14 

a Vi polysaccharide conjugated to a toxoid, the appearance is typically clear to moderately 15 

turbid, and colourless to pale yellow. 16 

 17 

For a dried or lyophilized preparation, the appearance should be checked after reconstitution 18 

with the appropriate diluent and should meet the established specifications. 19 

 20 

A.4.5 Preparation and control of the final bulk 21 

 22 

A.4.5.1 Preparation 23 

 24 

The final bulk is prepared by mixing a preservative or stabilizer, or both, with a suitable 25 

quantity of the purified bulk conjugate to meet the specifications of vaccine lots that have 26 

been shown to be safe and efficacious in clinical trials. If an adjuvant is used, it should be 27 

mixed with the final bulk at this stage. The use of a preservative in either single-dose or 28 

multi-dose vaccine vials is optional. If a preservative has been added, its effect on 29 

antigenicity and immunogenicity must be assessed to ensure that the preservative does not 30 

affect the immune response. 31 

 32 

A.4.5.2 Test for bacterial and fungal sterility 33 

 34 

Each final bulk should be tested for bacterial and fungal sterility according to the methods 35 

described in Part A, sections 5.1 and 5.2 of the WHO General requirements for the sterility of 36 

biological substances (153), or using methods approved by the NRA. If a preservative has 37 

been added to the final bulk, appropriate measures should be taken to prevent it from 38 

interfering with the tests. 39 

 40 

A.5 Filling and containers 41 

 42 
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The relevant guidance provided in WHO good manufacturing practices for pharmaceutical 1 

products: main principles (118) and WHO good manufacturing practices for biological 2 

products (119) should be followed. 3 

 4 

A.6 Control of the final product 5 

 6 

A.6.1 Inspection of the final containers 7 

 8 

All filled final containers should be inspected as part of the routine manufacturing process. 9 

Those containers showing abnormalities – such as vial defects, improper sealing, clumping or 10 

the presence of endogenous or exogenous particles – should be discarded. The test should be 11 

performed against a black, and a white, background, and according to pharmacopoeial 12 

specifications. 13 

 14 

A.6.2 Control tests on the final lot 15 

 16 

The following tests should be performed on each final lot of vaccine (that is, in the final 17 

container) and the tests used should be validated and approved by the NRA. The permissible 18 

limits for tests listed under this section should be justified and approved by the NRA. 19 

 20 

A.6.2.1 Appearance 21 

 22 

The appearance of the final container and its contents should be verified using a suitable 23 

method and should meet the established criteria with respect to form and colour. For freeze-24 

dried vaccines, their appearance should be verified before and after reconstitution, and should 25 

meet the established criteria. 26 

 27 

A.6.2.2 Identity 28 

 29 

Identity tests on the Vi polysaccharide and the carrier protein should be performed on each 30 

final lot. An immunological test or a physicochemical assay may be used for the Vi 31 

polysaccharide and the carrier protein. 32 

 33 

A.6.2.3 Bacterial and fungal sterility 34 

 35 

The contents of the final containers should be tested for bacterial and fungal sterility 36 

according to the methods described in Part A, sections 5.1 and 5.2 of the WHO General 37 

requirements for the sterility of biological substances (153), or using a method approved by 38 

the NRA. 39 

 40 

A.6.2.4 Polysaccharide content 41 

 42 
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The amount of Vi polysaccharide conjugate in the final containers should be determined and 1 

shown to be within the specifications agreed with the NRA. 2 

 3 

The formulations of conjugate vaccines produced by different manufacturers may differ. A 4 

quantitative assay for the Vi polysaccharide should be carried out. The specification should 5 

be justified based on the clinical lots shown to be safe and immunogenic, and approved by 6 

the NRA. Examples of tests that may be used include: (a) colorimetric methods; (b) 7 

chromatographic methods (including HPLC and HPAEC-PAD); and (c) immunological 8 

methods (including rate nephelometry and rocket immunoelectrophoresis) as discussed in 9 

sections A.4.1.3.3 and A.4.4.5 of these Recommendations. 10 

 11 

A.6.2.5 Unbound (free) polysaccharide 12 

 13 

A limit for free Vi polysaccharide content should be set for each conjugate vaccine as 14 

discussed in section A.4.4.6 above. Assessing the level of unconjugated polysaccharide in the 15 

final lot may be technically demanding (150); as an alternative, the molecular size of the 16 

conjugate could be determined for the final lot to confirm the integrity of the conjugate. A 17 

more-quantitative assessment of free Vi in solution can be performed by HPAEC-PAD 18 

following separation of the intact conjugate. An acceptable value should be consistent with 19 

the value seen in batches used for clinical trials that showed adequate immunogenicity and 20 

should be approved by the NRA. 21 

 22 

A.6.2.6 O-acetyl content 23 

 24 

The O-acetyl content of the Vi polysaccharide conjugate in the final container should be 25 

determined for each final lot by NMR (127) or by other appropriate methods, such as the 26 

Hestrin method (129). Routine release testing of each lot for O-acetyl content in the final 27 

product may be omitted if: 28 

 29 

▪ the NRA agrees; and 30 

▪ the O-acetyl content is measured at the level of conjugate bulk; and 31 

▪ process-validation data obtained during the product’s development confirm that 32 

formulation and filling do not alter the integrity of the functional groups. 33 

 34 

The specification for the O-acetyl content of the final lot should not be higher than that set for 35 

the conjugate bulk. A limit for the O-acetyl content of the Vi polysaccharide conjugate 36 

should be approved by the NRA (132). 37 

 38 

A.6.2.7 Molecular size or mass distribution 39 

 40 

The molecular size or mass distribution of the polysaccharide–protein conjugate should be 41 

determined for each final lot using a gel matrix appropriate for the size of the conjugate. The 42 

analysis of molecular size or mass distribution for each final lot may be omitted provided that 43 
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the NRA agrees and the test has been performed on the conjugate bulk (see section A.4.4.11 1 

above). 2 

 3 

A.6.2.8 Endotoxin 4 

 5 

The endotoxin content of the final product should be determined using a suitable in vitro 6 

assay such as a LAL test or MAT. The endotoxin content should be consistent with levels 7 

found to be acceptable in vaccine lots used in clinical trials and within the limits agreed with 8 

the NRA. 9 

 10 

A.6.2.9 Adjuvant content and degree of adsorption 11 

 12 

If an adjuvant has been added to the vaccine, its content should be determined using a method 13 

approved by the NRA. The amount of the adjuvant should also be agreed with the NRA. If 14 

aluminium compounds are used as adjuvants, the amount of aluminium should not exceed 15 

1.25 mg per single human dose. 16 

 17 

The consistency of adsorption of the antigen to the adjuvant is important; the degree of 18 

adsorption should be tested in each final lot and should be within the range of values 19 

measured in vaccine lots shown to be clinically effective. The methods and specifications 20 

used should be approved by the NRA. 21 

 22 

A.6.2.10 Preservative content 23 

 24 

If a preservative has been added to the vaccine, its content should be determined using a 25 

method approved by the NRA. 26 

 27 

The amount of preservative in each dose of the vaccine should be shown not to have any 28 

deleterious effect on the antigen or to impair the safety of the product in humans. The 29 

effectiveness of the preservative should be demonstrated, and the concentration used should 30 

be approved by the NRA. 31 

 32 

A.6.2.11 pH 33 

 34 

If the vaccine is a liquid preparation, the pH of each final lot should be tested, and the results 35 

should be within the range of values approved by the NRA. For a lyophilized preparation, the 36 

pH should also be measured after reconstitution with the appropriate diluent. 37 

 38 

A.6.2.12 Moisture content 39 

 40 

If the vaccine is a lyophilized preparation, the level of residual moisture should be 41 

determined, and the results should be within the limit agreed with the NRA. 42 

 43 
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A.6.2.13 Osmolality 1 

 2 

The osmolality of the final lots should be determined and shown to be within the range 3 

considered to be safe for intramuscular administration to humans and agreed with the NRA. 4 

The test for osmolality may be omitted once consistency of production is demonstrated or 5 

justification is provided, with the agreement of the NRA. 6 

 7 

A.6.2.14 Protein content 8 

 9 

The protein content should be determined using an appropriate and validated assay. Routine 10 

release testing of each lot for protein content in the final product may be omitted if the NRA 11 

agrees. 12 

 13 

A.6.3 Control of diluents 14 

 15 

The general guidance provided in WHO good manufacturing practices for pharmaceutical 16 

products: main principles (118) should be followed during the manufacture and quality 17 

control of the diluents used to reconstitute TCVs. An expiry date should be established for the 18 

diluents based upon stability data. For lot release of the diluent, tests should be done to assess 19 

its appearance, identity, volume and sterility, and the concentrations of its key components. 20 

 21 

A.7 Records 22 

 23 

The relevant guidance provided in WHO good manufacturing practices for pharmaceutical 24 

products: main principles (118) and WHO good manufacturing practices for biological 25 

products (119) should be followed as appropriate for the level of development of the vaccine. 26 

 27 

A.8 Samples 28 

 29 

A sufficient number of lot samples of the product should be retained for future studies and 30 

needs. Vaccine lots that are to be used for clinical trials may serve as reference materials in 31 

the future and a sufficient number of vials should be reserved and stored appropriately for 32 

that purpose. 33 

 34 

A.9 Labelling 35 

 36 

The guidance on labelling provided in WHO good manufacturing practices for biological 37 

products (119) and WHO good manufacturing practices for biological products (119) should 38 

be followed as appropriate and the label on the cartons enclosing one or more final 39 

containers, or the leaflet accompanying each container, should include: 40 

 41 

▪ a statement that the vaccine fulfils Part A of these WHO Recommendations; 42 
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▪ the instruction that any vaccine in a lyophilized form should be used immediately 1 

after reconstitution; if data have been provided to the licensing authority indicating 2 

that the reconstituted vaccine may be stored for a limited time then the length of time 3 

should be specified; 4 

▪ where needed, information on the volume and nature of the diluent to be added to 5 

reconstitute the lyophilized vaccine; this information should specify that the diluent 6 

approved by the NRA should be supplied by the vaccine manufacturer; and 7 

▪ for multi-dose vials, the storage conditions and shelf-life after opening. 8 

 9 

A.10 Distribution and transport 10 

 11 

The guidance provided in WHO good manufacturing practices for pharmaceutical products: 12 

main principles (118) and WHO good manufacturing practices for biological products (119) 13 

should be followed. 14 

 15 

Shipments should be maintained within specified temperature ranges, and packages should 16 

contain cold-chain monitors. Further guidance on these and related issues is provided in the 17 

WHO Model guidance for the storage and transport of time- and temperature-sensitive 18 

pharmaceutical products (154). 19 

 20 

A.11 Stability testing, storage and expiry date 21 

 22 

The relevant guidance provided in WHO good manufacturing practices for biological 23 

products (119) should be followed. Any statements concerning storage temperature and 24 

expiry date that appear on primary or secondary packaging should be based on experimental 25 

evidence and should be approved by the NRA. 26 

 27 

A.11.1 Stability testing 28 

 29 

Adequate stability studies form an essential part of vaccine development. These studies 30 

should follow the general principles outlined in the WHO Guidelines on stability evaluation 31 

of vaccines (155) and WHO Guidelines on the stability evaluation of vaccines for use under 32 

extended controlled temperature conditions (156). The shelf-life of the final product and the 33 

hold time of each process intermediate (such as the purified polysaccharide, the carrier 34 

protein and the purified bulk conjugate) should be established based on the results of real-35 

time, real-condition stability studies, and approved by the NRA. 36 

 37 

The stability of the vaccine in its final container and at the recommended storage temperature 38 

should be demonstrated to the satisfaction of the NRA on at least three lots of the final 39 

product manufactured from different bulk conjugates. In addition, a real-time real-condition 40 

stability study should be conducted on at least one final container lot produced each year. 41 

 42 
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A protocol should be established and followed for each stability study which specifies the 1 

stability-indicating parameters to be monitored, as well as the applicable specifications. Some 2 

stability-indicating parameters may change over the shelf-life as discussed below. The 3 

specifications should take into consideration the expected quality of the vaccine at the end of 4 

shelf-life and should be linked to lots demonstrated to be safe and effective/immunogenic in 5 

clinical trials. For vaccines intended for use under extended controlled temperature 6 

conditions, the manufacturer should refer to the WHO Guidelines on the stability evaluation 7 

of vaccines for use under extended controlled temperature conditions (156). 8 

 9 

The polysaccharide component of conjugate vaccines may be subject to gradual hydrolysis at 10 

a rate that may vary depending upon the type of conjugate, the formulation or adjuvant, the 11 

excipient and the conditions of storage. The hydrolysis may result in reduced molecular size 12 

of the Vi polysaccharide component, a reduction in O-acetyl content, a reduction in the 13 

amount of polysaccharide bound to the carrier protein, a change in pH, reduced molecular 14 

size of the conjugate, or some combination of these. 15 

 16 

If applicable, the residual moisture should be monitored as part of stability testing and release 17 

testing. 18 

 19 

Where applicable, the level of adsorption of the conjugate to the adjuvant should be shown to 20 

be within the limits agreed with the NRA, unless data show that the immunogenicity of the 21 

final product does not depend on the adsorption of the antigen to the adjuvant. 22 

 23 

Accelerated stability studies may provide additional supporting evidence of the stability of 24 

the product or other product characteristics, or both, but are not recommended for 25 

establishing the shelf-life of the vaccine under a defined storage condition. 26 

 27 

When any changes are made in the production process that may affect the stability of the 28 

product, the vaccine produced by the new method should be shown to be stable. 29 

 30 

A.11.2 Storage conditions 31 

 32 

The recommended long-term storage conditions should be based on the findings of the 33 

stability studies and should ensure that all stability-indicating parameters of the conjugate 34 

vaccine (for example, free saccharide) meet the required specifications at the end of the shelf-35 

life. The labelled and packaged vaccine products should be stored at the recommended long-36 

term storage conditions. 37 

 38 

If approved by the NRA, the use of a vaccine under extended controlled temperature 39 

conditions requires specific monitoring as described in the WHO Guidelines on the stability 40 

evaluation of vaccines for use under extended controlled temperature conditions (156). 41 

 42 
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A.11.3 Expiry date 1 

 2 

The expiry date should be based on the shelf-life as supported by stability studies and 3 

approved by the NRA. The start of the dating period (for example, the date of formulation of 4 

final bulk or the date of filling) should be agreed with the NRA. The expiry dates for vaccine 5 

and diluent may be different from one another. If the vaccine and diluent are packaged 6 

together, the expiry date for the package should be that of the component with the earliest 7 

expiry date. 8 

 9 

A.11.4 Expiry of reconstituted vaccine (if applicable) 10 

 11 

For single-dose containers the reconstituted vaccine should be used immediately. For multi-12 

dose containers the use of the reconstituted container should follow the WHO multi-dose vial 13 

policy1, and this should be reflected in the package insert and supplied instructions. 14 

 15 

Part B. Nonclinical evaluation of typhoid conjugate vaccines 16 

 17 

B.1 General principles 18 

 19 

Detailed WHO guidelines on the design, conduct, analysis and evaluation of nonclinical 20 

studies of vaccines are available separately (157) and should be read in conjunction with Part 21 

B of these WHO Recommendations. Plans for nonclinical studies of candidate vaccines 22 

should be discussed with the NRA prior to the review process. 23 

 24 

B.2 Product characterization and process development 25 

 26 

It is critical that vaccine production processes are appropriately standardized and controlled 27 

to ensure consistency in manufacturing and the collection of nonclinical data that may 28 

suggest safety and efficacy in humans. 29 

 30 

Candidate formulations of Vi conjugate vaccines should be characterized to define the critical 31 

structural and chemical attributes that indicate that the polysaccharide, the conjugating 32 

protein and the conjugate product are sufficiently pure and stable, and their properties are 33 

consistent. The extent of product characterization may vary depending on the stage of vaccine 34 

development. Vaccine lots used in nonclinical studies should be adequately representative of 35 

those intended for use in clinical investigations. Ideally, the lots used should be the same as 36 

those used in the clinical studies. If this is not feasible then the lots should be comparable 37 

with respect to physicochemical data, stability and formulation. 38 

 39 

                                                 
1 See: https://apps.who.int/iris/bitstream/handle/10665/135972/WHO_IVB_14.07_eng.pdf;sequence=1 

https://apps.who.int/iris/bitstream/handle/10665/135972/WHO_IVB_14.07_eng.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/135972/WHO_IVB_14.07_eng.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/135972/WHO_IVB_14.07_eng.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/135972/WHO_IVB_14.07_eng.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/135972/WHO_IVB_14.07_eng.pdf;sequence=1
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B.3 Nonclinical immunogenicity studies 1 

 2 

The immunogenicity of glycoconjugate vaccines can vary greatly between different animal 3 

species and between strains within a species. Therefore, animal models used for 4 

immunogenicity studies during glycoconjugate vaccine development programmes should be 5 

selected with care as they may be poorly predictive of efficacy in humans. Animal studies 6 

should only be conducted when they provide proof-of-concept information in support of a 7 

clinical development plan, and any animal testing plan used in vaccine development should 8 

incorporate 3Rs (Replace, Reduce, Refine) best practices. 9 

 10 

Immunogenicity data derived from appropriately selected animal models may be useful in 11 

establishing the immunological characteristics of the Vi polysaccharide conjugate product, 12 

and may guide the selection of doses, schedules and routes of administration to be evaluated 13 

in clinical trials. When animal models are used for the preclinical testing of vaccine 14 

immunogenicity, they should elicit an anti-Vi IgG response that is significantly greater than 15 

that of the control group (for example, a group that receives unconjugated Vi polysaccharide 16 

vaccine). It should be noted that a booster response may not be observed following a second 17 

dose if the priming dose induced a maximal response. Therefore, a good understanding of the 18 

dose-immunogenic response should be established prior to evaluating any booster effect. 19 

 20 

Immunogenicity studies have demonstrated that Vi polysaccharide conjugates induce anti-Vi 21 

IgG in mice (102, 130, 158–161). In humans, high levels of anti-Vi IgG are associated with 22 

greater levels of protection against typhoid infection (90, 91, 94) – although there is no 23 

agreement that this may be considered a true correlate or surrogate of protection. Based on 24 

these observations, the level of anti-Vi IgG elicited in mice may be considered as a primary 25 

end-point for nonclinical studies of the immunogenicity of Vi conjugate vaccines. 26 

 27 

Nonclinical studies of immunogenicity may include an evaluation of seroconversion rates or 28 

geometric mean antibody titres, or both. When possible, nonclinical studies should be 29 

designed to assess relevant immune responses, including functional immune response (for 30 

example, by evaluating serum bactericidal antibodies, opsonophagocytic activity and serum-31 

dependent opsonophagocytic killing). These studies may also address the interference that 32 

can occur among antigens when multi-antigen vaccines are used. In such cases, the response 33 

to each antigen should be evaluated. 34 

 35 

Although there have been advances in the use of animal models, no ideal animal model exists 36 

that establishes direct serological or immunological correlates of clinical protection. In the 37 

absence of such a model, it is important to ensure consistency of production using modern 38 

physical, chemical and immuno-based quality-control methods as described in Part A of these 39 

WHO Recommendations. Additionally, any changes in critical quality attributes should be 40 

assessed for their impact on immunogenicity. Once the physicochemical tests are validated, 41 

these non-animal methods are considered more appropriate for use in lot release processes 42 

than animal models. 43 
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 1 

B.4 Nonclinical toxicity and safety studies 2 

 3 

The WHO guidelines on nonclinical evaluation of vaccines (157) should be followed when 4 

assessing toxicity and safety in an appropriate animal model. These studies should entail 5 

careful analysis of all major organs, as well as of tissues proximal to and distal from the site 6 

of administration, to detect unanticipated direct toxic effects. If the target population for the 7 

vaccine includes pregnant women, or women of childbearing age, developmental toxicity 8 

studies should also be considered unless there is a scientific and clinically sound justification 9 

showing that conducting such studies is unnecessary (157). 10 

 11 

Dose-response studies may not be necessary as the nonclinical evaluation of potential toxicity 12 

can be performed at a dose that maximizes both the exposure of the animal and the 13 

subsequent immune response (such as antibody titre). This dose can be determined during 14 

pilot dose-response and/or immunogenicity studies. The dosing frequency and schedule 15 

should be the same as, or greater than, the number of administrations intended in clinical 16 

studies (157). 17 

 18 

Requirements for the toxicity testing of individual vaccine components or any novel proteins 19 

may vary between regulatory jurisdictions. These requirements should be scientifically 20 

justified as individual vaccine components may have different toxicity and safety profiles 21 

when present in the formulated product. Therefore, manufacturers are encouraged to discuss 22 

these testing requirements with the NRA prior to commencing nonclinical studies. 23 

 24 

Nonclinical safety studies should be conducted in accordance with the good laboratory 25 

practices described elsewhere (162, 163). For ethical reasons, it is desirable to apply the 3Rs 26 

concept of “Replace, Reduce, Refine” to minimize the use of animals in research where 27 

scientifically appropriate. 28 

 29 

Part C. Clinical evaluation of typhoid conjugate vaccines 30 

 31 

C.1 General considerations 32 

 33 

The general principles described in the WHO Guidelines on clinical evaluation of vaccines: 34 

regulatory expectations (2) apply to Vi conjugate vaccines and should be followed. In 35 

addition, a number of issues specific to the clinical development programme for Vi conjugate 36 

vaccines are discussed below. The WHO Guidelines for good clinical practice (GCP) for 37 

trials on pharmaceutical products (164) are also available and should be consulted. 38 

 39 

Vi conjugate vaccines have now been licensed in some countries for use in children aged 6 40 

months or older and in adults up to 45 years of age, with one such vaccine having been 41 

prequalified by WHO (17). The licensure of effective Vi conjugate vaccines in some 42 

countries and their availability through the WHO prequalification programme have 43 



WHO/BS/2020.2387 

Page 41 

 

implications for the pathway to approval and design of clinical studies in children above the 1 

age of 6 months and adults up to 45 years old. Information supporting the safety, 2 

immunogenicity, efficacy and effectiveness of Vi conjugate vaccines in typhoid endemic 3 

regions, as well as insights into putative immune correlates of protection, are continually 4 

emerging (26, 88, 165–168). The principles for clinical evaluation outlined below are based 5 

on the current situation and should be read in light of the circumstances obtaining in the 6 

jurisdiction of the individual NRA. 7 

 8 

C.2 Outline of the clinical development programme 9 

 10 

It is recommended that the major part of the pre-licensure clinical development programme is 11 

conducted in subjects who are representative of the intended target population. 12 

 13 

C.2.1 Dose and schedule 14 

 15 

The early clinical development programme should provide a preliminary assessment of safety 16 

and should be suitable for identifying an appropriate dose of conjugated Vi antigen and dose 17 

regimen(s) for the target age group(s). Such studies are necessary for each candidate Vi 18 

conjugate vaccine that is developed since it is not possible to extrapolate the dose and 19 

schedule identified for one conjugate vaccine to another. This consideration applies even if 20 

the same carrier protein is used for two different Vi conjugate vaccines since experience with 21 

other conjugated polysaccharide vaccines has indicated that differences in conjugation 22 

chemistry can affect immune responses to the polysaccharide(s). 23 

 24 

In the absence of a pre-licensure efficacy study, pathways to approval of a candidate Vi 25 

conjugate vaccine in the jurisdiction of any one NRA may depend on the following: 26 

 27 

▪ If there is a licensed Vi conjugate vaccine for which protective efficacy has been 28 

documented (the data may come from pre- and/or post-licensure efficacy studies 29 

and/or from post-licensure studies of effectiveness), and subject to any pertinent 30 

national legislation, the efficacy of a candidate Vi conjugate vaccine may be inferred 31 

based on adequately designed comparative immunogenicity studies to bridge to the 32 

efficacy data for the licensed vaccine. 33 

▪ If there are data that point to a specific anti-Vi antibody concentration that strongly 34 

correlates with efficacy, the efficacy of a candidate Vi conjugate vaccine may be 35 

inferred by estimating the proportion of baseline seronegative subjects with post-36 

vaccination immune responses that exceed the concentration identified. In this 37 

situation, it may still be appropriate for an NRA to request that the sponsor compares 38 

the immune response to the candidate vaccine with the immune response to a 39 

licensed Vi conjugate vaccine for which protective efficacy has been demonstrated. 40 

▪ If there is no widely accepted antibody concentration that strongly correlates with 41 

efficacy and no licensed Vi conjugate vaccine for which protective efficacy has been 42 

documented, it may be appropriate to infer the efficacy of a candidate Vi conjugate 43 
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vaccine by comparing the immune response with a licensed unconjugated Vi 1 

polysaccharide vaccine in subjects aged 2 years and above. For further details see 2 

section C.4 below. 3 

 4 

C.3 Assessment of the immune response 5 

 6 

C.3.1 Immune parameters of interest 7 

 8 

There are no well-established or standardized assays for assessing functional antibody 9 

responses to Vi-containing vaccines, and it is not known how the results of such assays 10 

correlate with vaccine efficacy. 11 

 12 

Assessment of the immune response to licensed unconjugated (82, 169, 170) and conjugated 13 

(26, 89, 90, 171) Vi polysaccharide vaccines has predominantly relied upon ELISA methods 14 

to measure total anti-Vi IgG in serum. For unconjugated Vi polysaccharide vaccines, 15 

approval has often been based on directly comparing the proportion of subjects that achieves 16 

anti-Vi IgG of at least 1 µg/mL and/or the proportion that achieves at least a 4-fold increase 17 

in anti-Vi IgG from pre- to post-vaccination. A regional or in-house working reference serum 18 

preparation calibrated against the First WHO International Standard for anti-typhoid capsular 19 

Vi polysaccharide IgG (human) (see International reference materials above) should be 20 

used in the interpretation of immunogenicity data from clinical trials. The use of this WHO 21 

international standard improves consistency in the determination of serum titres and provides 22 

a basis for the comparison of data generated by different assays and/or different laboratories. 23 

 24 

At present, there is no established or widely agreed immune correlate of protection for 25 

typhoid vaccines – though correlations between total serum antibody (79), total anti-Vi IgG 26 

(81, 92, 93, 172, 173) or anti-Vi IgA (97) in serum and protection against typhoid have been 27 

described. A putative immune correlate of protection based on anti-Vi IgG has been proposed 28 

based on long-term follow-up of Vietnamese children who received a candidate Vi conjugate 29 

vaccine in a large efficacy trial. However, the value reported is specific to the assay that was 30 

applied during that study and it is not yet clear what the corresponding values may be when 31 

using alternative assays. 32 

 33 

C.3.2 Considerations regarding the carrier protein 34 

 35 

Proteins such as CRM197, DT, TT and rEPA have been used in the production of various Vi 36 

conjugate vaccines. Based on experience with other types of conjugate vaccines that use 37 

CRM197, DT or TT as the carrier protein, there is a possibility that the immune response to 38 

the Vi conjugated antigen may be reduced or enhanced in subjects who have pre-existing 39 

high levels of tetanus or diphtheria antitoxin before vaccination. This phenomenon should be 40 

explored during the development of Vi conjugate vaccines; this may be accomplished by 41 

analysing post-vaccination responses and comparing these with pre-vaccination antibody 42 
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concentrations to the protein carrier. The potential clinical significance of any effect requires 1 

careful consideration. 2 

 3 

Depending on the target age range, it may be important to assess the effects of co-4 

administering Vi conjugate vaccines with other routine vaccinations. Guidance on such 5 

studies, including instances in which co-administered vaccines contain the carrier protein, 6 

may be found in the WHO Guidelines on clinical evaluation of vaccines: regulatory 7 

expectations (2). 8 

 9 

C.3.3 Immune memory 10 

 11 

Vi conjugate vaccines are expected to elicit T-cell-dependent immune responses, which can 12 

be assessed by administration of a post-priming Vi conjugate dose after an interval of at least 13 

6–12 months. Details of the clinical assessment of priming may be found in the WHO 14 

Guidelines on clinical evaluation of vaccines: regulatory expectations (2). Whether or not 15 

booster doses will be needed to maintain protection after successful priming with Vi 16 

conjugate vaccines is not yet known. Until this issue is resolved, plans should be put in place 17 

to document antibody persistence and to evaluate vaccine effectiveness. 18 

 19 

C.4 Immunogenicity 20 

 21 

This section should be read in conjunction with the guidance on comparative immunogenicity 22 

trials provided in the WHO Guidelines on clinical evaluation of vaccines: regulatory 23 

expectations (2). The selection of the most appropriate licensed vaccine for use as a 24 

comparator in clinical studies must be agreed between the sponsor and the NRA. 25 

 26 

C.4.1 Studies that compare conjugated Vi polysaccharide vaccines 27 

 28 

If the aim of the study is to immunobridge efficacy documented with a licensed Vi conjugate 29 

vaccine to a candidate vaccine, the study should be designed to demonstrate the non-30 

inferiority of the immune response elicited by the candidate vaccine when compared with a 31 

licensed Vi conjugate vaccine. The primary immune parameter for the purposes of 32 

immunobridging and the acceptance criteria for concluding that the candidate vaccine will 33 

have at least similar efficacy to the licensed vaccine should be predefined and agreed between 34 

the sponsor and the NRA. 35 

 36 

If efficacy data have supported the derivation of an immune correlate of protection, the 37 

proportion of subjects that achieves at least this concentration after vaccination with the 38 

candidate vaccine should be the primary immune parameter. In this case, a direct comparison 39 

with a licensed Vi conjugate vaccine would not be essential though some NRAs may request 40 

that a comparison is made with a licensed Vi conjugate vaccine for which vaccine efficacy 41 

has been documented to provide a comparison of safety. 42 

 43 
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If the sponsor wishes, or is requested, to conduct a comparative study against a licensed Vi 1 

conjugate vaccine for which efficacy is not documented then demonstrating non-inferiority 2 

for the candidate versus licensed vaccine does not evidence the potential efficacy of the 3 

candidate vaccine. Therefore, either the immune responses to the candidate vaccine should be 4 

interpreted against an immune correlate of protection or threshold value or, if neither exists, 5 

consideration should be given to alternative study designs as described below. 6 

 7 

C.4.2 Studies that compare Vi conjugate vaccines with unconjugated Vi 8 

polysaccharide vaccines 9 

 10 

Studies that compare candidate Vi conjugate vaccines with licensed unconjugated Vi 11 

polysaccharide vaccines should only be conducted in subjects who are at least 2 years of age. 12 

It is recommended that such studies are conducted only if a licensed Vi conjugate vaccine 13 

comparator is not available and it is considered important to generate comparative safety and 14 

immunogenicity data versus a licensed vaccine (see section C.2 above). If such studies are to 15 

be the basis for approval, data should be generated for the age range for which a claim for use 16 

of the candidate vaccine will be sought. Studies should stratify subjects by appropriate age 17 

subgroups, or separate studies should be conducted in different age groups. 18 

 19 

For potential approaches to the primary comparison of immune responses see section C.3 20 

above. 21 

 22 

The immune responses should be measured in samples collected at day 28 after the initial 23 

vaccination series has been completed (that is, after a single dose or after the last assigned 24 

dose of the primary series) or in samples collected at an alternative time point if this is 25 

justified by data on antibody kinetics. 26 

 27 

C.4.3 Studies that compare vaccinated groups with unvaccinated or control groups 28 

 29 

There are two situations in which such studies may be considered: 30 

 31 

▪ As explained in section C.2 above, if there is an established immune correlate of 32 

protection, a direct comparison of immune responses with a licensed vaccine is not 33 

necessary. However, such a comparison may still be useful for interpreting the safety 34 

data and for putting the immune responses to the candidate vaccine into context. 35 

▪ In the absence of an immune correlate of protection or the possibility of 36 

immunobridging the candidate Vi conjugate vaccine to the protective efficacy of a 37 

licensed Vi conjugate vaccine, a study that compares a candidate Vi conjugate 38 

vaccine with an unvaccinated group could be considered for subjects under 2 years of 39 

age. A comparison between a candidate Vi conjugate vaccine and a licensed 40 

unconjugated Vi polysaccharide vaccine would not be appropriate due to lack of 41 

reliable protective immune responses to the latter in children under 2 years of age. In 42 

this situation, it is recommended that studies are based upon randomized allocation to 43 
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the candidate Vi conjugate vaccine (that is, the vaccinated group) or to a licensed 1 

non-typhoid vaccine from which study subjects may derive some benefit (that is, the 2 

control group). 3 

 4 

In both of the above situations, the anti-Vi immune responses in the group receiving the 5 

candidate Vi conjugate vaccine should be superior to those in the unvaccinated or control 6 

group. To put the immune responses observed into context, the anti-Vi titres elicited by the 7 

candidate Vi conjugate vaccine in children under 2 years of age may be compared (either 8 

directly or in a cross-study comparison) with one or both of: 9 

 10 

▪ the immune response to an unconjugated Vi polysaccharide vaccine in subjects 11 

≥ 2 years of age; 12 

▪ the immune response to the candidate Vi conjugate vaccine in subjects ≥ 2 years of 13 

age. 14 

 15 

C.5 Efficacy 16 

 17 

This section should be read in conjunction with the guidance on efficacy trials and 18 

effectiveness studies provided in the WHO Guidelines on clinical evaluation of vaccines: 19 

regulatory expectations (2). 20 

 21 

Protective efficacy studies against typhoid can be conducted only in endemic areas with 22 

relatively high rates of disease. If a protective efficacy study is conducted, it should compare 23 

the rates of febrile illnesses associated with a positive blood culture for S. Typhi between a 24 

group that receives the candidate Vi conjugate vaccine and an appropriate control group. 25 

 26 

Successful typhoid challenge studies conducted in healthy adults using an appropriate and 27 

validated model (that is, one in which some protective efficacy of unconjugated Vi 28 

polysaccharide vaccines is detectable) could provide considerable supporting evidence of the 29 

efficacy of a Vi conjugate vaccine. Human challenge studies may provide information on the 30 

relationship between the immune response and various efficacy parameters. If, in 31 

consultation with the NRA, sponsors decide to conduct typhoid challenge studies in humans, 32 

they should be undertaken only by physicians with appropriate expertise, and in a carefully 33 

controlled setting, to ensure the safety of the volunteers (109). Healthy adults that are 34 

expected or known to be naive to typhoid and typhoid vaccines should be screened to detect 35 

any underlying pre-existing conditions that could impact on safety. In particular, subjects 36 

who might be at risk of complications of typhoid should be excluded, including any subject 37 

with gall bladder disease. The challenge strain should be well characterized and there should 38 

be complete information available on its susceptibility to antibacterial agents. 39 

 40 

An issue to consider after initial licensure is the possibility that widespread use of a Vi 41 

conjugate vaccine and high vaccination coverage in a population in which typhoid fever is 42 
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endemic may lead to the emergence of otherwise rare Vi-negative variants of S. Typhi (174–1 

177); such variants exist and can cause typhoid fever, albeit at lower attack rates (110, 111). 2 

 3 

C.6 Safety 4 

 5 

Current evidence suggests there are no major specific safety issues for Vi conjugate vaccines 6 

(178) and that reports of adverse events are similar to those of other polysaccharide–protein 7 

conjugate vaccines. It is recommended that the assessment of safety in pre-licensure studies 8 

should follow the usual approaches to ensure comprehensive monitoring and data collection 9 

(2). When considering the pre-licensure safety database, the need for a sufficient sample size 10 

to estimate adverse event rates with precision is an important factor. For example, a total 11 

database of 3000 subjects across all trials and populations provides a 95% chance of 12 

observing one instance of an adverse event that occurs on average in 1 in every 1000 subjects 13 

(179). Other considerations include the type of conjugative protein used in the candidate Vi 14 

conjugate vaccine and the extent of clinical experience with similar conjugated vaccines. 15 

 16 

Part D. Recommendations for NRAs 17 

 18 

D.1 General recommendations 19 

 20 

The guidance for NRAs and national control laboratories given in the WHO Guidelines for 21 

national authorities on quality assurance for biological products (120) and WHO Guidelines 22 

for independent lot release of vaccines by regulatory authorities (180) should be followed. 23 

These guidelines specify that no new biological substance or product should be released until 24 

consistency of batch manufacturing and quality has been established and demonstrated by the 25 

manufacturer. 26 

 27 

The detailed production and control procedures, as well as any significant changes in them 28 

that may affect the quality, safety or efficacy of the Vi conjugate vaccine, should be 29 

discussed with and approved by the NRA. For control purposes, the relevant international 30 

reference preparations currently in force should be obtained for the purpose of calibrating 31 

national, regional and working standards as appropriate. The NRA may obtain from the 32 

manufacturer the product-specific or working reference to be used for lot release. 33 

 34 

Consistency of production has been recognized as an essential component in the quality 35 

assurance of Vi conjugate vaccines. The NRA should carefully monitor production records 36 

and quality control test results for clinical lots, as well as for a series of consecutive lots of 37 

the final bulk and final product. 38 

 39 

D.2 Official release and certification 40 

 41 

A vaccine lot should be released only if it fulfils all national requirements and/or satisfies 42 

Part A of these WHO Recommendations (180). 43 



WHO/BS/2020.2387 

Page 47 

 

 1 

A summary protocol for the manufacturing and control of typhoid conjugate vaccines, based 2 

on the model summary protocol provided in Appendix 1 and signed by the responsible 3 

official of the manufacturing establishment, should be prepared and submitted to the NRA in 4 

support of a request for the release of a vaccine for use. This protocol may also be referred to 5 

as the Product Specification File. 6 

 7 

A lot release certificate signed by the appropriate NRA official should then be provided if 8 

requested by the manufacturing establishment, and should certify that the lot of vaccine meets 9 

all national requirements and/or Part A of these WHO Recommendations. The certificate 10 

should provide sufficient information on the vaccine lot. The purpose of this official national 11 

lot release certificate is to facilitate the exchange of vaccines between countries and should be 12 

provided to importers of the vaccines. A model certificate for the lot release of typhoid 13 

conjugate vaccines is provided below in Appendix 2. 14 

 15 

Authors and acknowledgements 16 

 17 

The scientific basis for the revision of the WHO Guidelines on the quality, safety and 18 

efficacy of typhoid conjugate vaccines (1) was discussed at a WHO drafting group meeting 19 

held in Potters Bar, the United Kingdom on 25–26 November 2019 and attended by: Dr B. 20 

Bolgiano, National Institute for Biological Standards and Control, the United Kingdom; Dr I. 21 

Feavers, Consultant, Nacton, the United Kingdom; Dr F. Gao, National Institute for 22 

Biological Standards and Control, the United Kingdom; Dr E. Griffiths, Consultant, Kingston 23 

upon Thames, the United Kingdom; Dr M. Levine, University of Maryland School of 24 

Medicine, Baltimore, MD, the USA; Dr J.L. Mathew, Postgraduate Institute of Medical 25 

Education and Research, India; Dr L. Parsons, United States Food and Drug Administration, 26 

the USA; Dr A. Pollard, University of Oxford, the United Kingdom; Dr S. Rijpkema, 27 

National Institute for Biological Standards and Control, the United Kingdom; Dr T. Wu, 28 

Health Canada, Canada; and Dr A.D. Bentsi-Enchill, Dr R. Isbrucker, Dr I. Knezevic and Dr 29 

S-H. Yoo, World Health Organization, Switzerland. The first draft of the current document 30 

was then prepared by the above drafting group, which also included Dr M. Powell, Health 31 

Products Regulatory Authority, Ireland. Comments received from Dr L.B. Martin, GSK 32 

Vaccines Institute for Global Health, Italy; and Dr P. Talaga, Dr E. Zablackis and Dr S. 33 

Gaudin, Sanofi Pasteur, Lyons, France and Swiftwater, PA, USA were also addressed. 34 

 35 

The draft document was then posted on the WHO Biologicals website for public consultation 36 

from 6 April 2020 to 6 May 2020. Comments were received from: Dr V. Bansal, Central 37 

Drugs Laboratory, India; Dr B. Bolgiano, Dr F. Gao and Dr S. Rijpkema, National Institute 38 

for Biological Standards and Control, the United Kingdom; Dr Z. Diaz, Dr L-F. Ma, Dr C. 39 

MacLennon and Dr D. Steele, Bill and Melinda Gates Foundation, Seattle, WA, the USA; Dr 40 

S. Gairola, Serum Institute of India PVT. Ltd, India; Dr K.P. Gonzalez, Dr L.R. Ariza and Dr 41 

S.M.M. Sanchez, Instituto Nacional de Vigilancia de Medicamentos y Alimentos, Colombia; 42 

Dr J. Lim, National Institute of Food and Drug Safety Evaluation, Republic of Korea; Dr K. 43 



WHO/BS/2020.2387 

Page 48 

 

Maithal, Cadila Healthcare Ltd, India; Mr S.D. Prasad, Bharat Biotech International Ltd, 1 

India; Mr D. Ugiyadi and Mr Y. Sofyan, PT Bio Farma (Persero), Indonesia; and Dr M. Alali 2 

and Dr A. Fauconnier, World Health Organization, Switzerland. Consolidated comments on 3 

behalf of members of the International Federation of Pharmaceutical Manufacturers & 4 

Associations, Switzerland were also received from Ms P. Barbosa. 5 

 6 

References 7 

 8 

1. Guidelines on the quality, safety and efficacy of typhoid conjugate vaccines. In: WHO 9 

Expert Committee on Biological Standardization: Sixty-fourth report. Geneva: World 10 

Health Organization; 2014: Annex 3 (WHO Technical Report Series, No. 987; 11 

https://www.who.int/biologicals/areas/vaccines/TRS_987_Annex3.pdf?ua=1, 12 

accessed 12 June 2020). 13 

 14 

2. Guidelines on clinical evaluation of vaccines: regulatory expectations. In: WHO 15 

Expert Committee on Biological Standardization: sixty-seventh report. Geneva: 16 

World Health Organization; 2017: Annex 9 (WHO Technical Report Series, No. 17 

1004; 18 

http://www.who.int/entity/biologicals/expert_committee/WHO_TRS_1004_web_Ann19 

ex_9.pdf?ua=1, accessed 23 June 2020). 20 

 21 

3. Deletion of the innocuity/abnormal toxicity test for biological products. In: WHO 22 

Expert Committee on Biological Standardization: sixty-ninth report. Geneva: World 23 

Health Organization; 2019 (WHO Technical Report Series, No. 1016, section 3.1.3, 24 

pp. 32–33; 25 

https://www.who.int/biologicals/expert_committee/WHO_TRS_1016_web.pdf?ua=1, 26 

accessed 23 June 2020). 27 

 28 

4. Maskey AP, Day JN, Phung QT, Thwaites GE, Campbell JI, Zimmerman M et al. 29 

Salmonella enterica serovar Paratyphi A and S. enterica serovar Typhi cause 30 

indistinguishable clinical syndromes in Kathmandu, Nepal. Clin Infect Dis. 31 

2006;42(9):1247–53 (https://academic.oup.com/cid/article/42/9/1247/314503, 32 

accessed 23 June 2020). 33 

 34 

5. Azmatullah A, Qamar FN, Thaver D, Zaidi AKM, Bhutta ZA. Systematic review of 35 

the global epidemiology, clinical and laboratory profile of enteric fever. J Glob 36 

Health. 2015;5(2):020407 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4672836/, 37 

accessed 23 June 2020). 38 

 39 

6. Vollaard AM, Ali S, Widjaja S, van Asten HAGH, Visser LG, Surjadi C et al. 40 

Identification of typhoid fever and paratyphoid fever cases at presentation in 41 

outpatient clinics in Jakarta, Indonesia. Trans R Soc Trop Med Hyg. 2005;99(6):440–42 

50 (https://pubmed.ncbi.nlm.nih.gov/15837356/, accessed 23 June 2020). 43 

 44 

7. Karkey A, Aryjal A, Basnyat B, Baker S. Kathmandu, Nepal: still an enteric fever 45 

capital of the world. J Infect Dev Ctries. 2008;2(6):461–5 46 

https://www.who.int/biologicals/areas/vaccines/TRS_987_Annex3.pdf?ua=1
https://www.who.int/biologicals/areas/vaccines/TRS_987_Annex3.pdf?ua=1
http://www.who.int/entity/biologicals/expert_committee/WHO_TRS_1004_web_Annex_9.pdf?ua=1
http://www.who.int/entity/biologicals/expert_committee/WHO_TRS_1004_web_Annex_9.pdf?ua=1
http://www.who.int/entity/biologicals/expert_committee/WHO_TRS_1004_web_Annex_9.pdf?ua=1
http://www.who.int/entity/biologicals/expert_committee/WHO_TRS_1004_web_Annex_9.pdf?ua=1
https://www.who.int/biologicals/expert_committee/WHO_TRS_1016_web.pdf?ua=1
https://www.who.int/biologicals/expert_committee/WHO_TRS_1016_web.pdf?ua=1
https://academic.oup.com/cid/article/42/9/1247/314503
https://academic.oup.com/cid/article/42/9/1247/314503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4672836/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4672836/
https://pubmed.ncbi.nlm.nih.gov/15837356/
https://pubmed.ncbi.nlm.nih.gov/15837356/


WHO/BS/2020.2387 

Page 49 

 

(https://www.researchgate.net/publication/26803784_Kathmandu_Nepal_Still_an_ent1 

eric_fever_capital_of_the_world, accessed 23 June 2020). 2 

 3 

8. Ochiai RL, Wang XY, von Seidlein L, Yang J, Bhutta ZA, Bhattacharya SK et al. 4 

Salmonella Paratyphi A rates, Asia. Emerg Infect Dis. 2005;11(11):1764–6 5 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3367370/, accessed 23 June 2020). 6 

 7 

9. Arndt MB, Mosites EM, Tian M, Forouzanfar MH, Mokhdad AH, Meller M et al. 8 

Estimating the burden of paratyphoid A in Asia and Africa. PLoS Negl Trop Dis. 9 

2014;8(6):e2925 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4046978/, accessed 10 

23 June 2020). 11 

 12 

10. Hart PJ, O’Shaughnessy CM, Siggins MK, Bobat S, Kingsley RA, Goulding DA et al. 13 

Differential killing of Salmonella enterica serovar Typhi by antibodies targeting Vi 14 

and lipopolysaccharide O:9 antigen. PLoS One. 2016;11(1):e0145945 15 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4712142/, accessed 23 June 2020). 16 

 17 

11. Wilson RP, Winter SE, Spees AM, Winter MG, Nishimori JH, Sanchez JF et al. The 18 

Vi capsular polysaccharide prevents complement receptor 3-mediated clearance of 19 

Salmonella enterica serotype Typhi. Infect Immun. 2011;79(2):830–7 20 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3028862/, accessed 23 June 2020). 21 

 22 

12. Saha MR, Ramamurthy T, Dutta P, Mitra U. Emergence of Salmonella typhi Vi 23 

antigen-negative strains in an epidemic of multidrug-resistant typhoid fever cases in 24 

Calcutta, India. Natl Med J India. 2000;13(3):164. 25 

 26 

13. Standfast AFB. Experiments with Vi-negative strains of Salmonella typhi. Bull World 27 

Health Organ. 1960;23:47–52 28 

(https://apps.who.int/iris/bitstream/handle/10665/267253/PMC2555310.pdf?sequence29 

=1&isAllowed=y, accessed 23 June 2020). 30 

 31 

14. Mehta G, Arya SC. Capsular Vi polysaccharide antigen in Salmonella enterica 32 

serovar typhi isolates. J Clin Microbiol. 2002;40(3):1127–8 33 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120298/, accessed 23 June 2020). 34 

 35 

15. Ames WR, Robins M. Age and sex as factors in the development of the typhoid 36 

carrier state, and a method for estimating carrier prevalence. Am J Public Health 37 

Nations Health. 1943;33(3):221–30 38 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1527221/, accessed 23 June 2020). 39 

 40 

16. Merselis JG, Kaye D, Connolly CS, Hook EW. Quantitative bacteriology of the 41 

typhoid carrier state. Am J Trop Med Hyg. 1964 May;13:425–9 (abstract: 42 

https://www.cabdirect.org/cabdirect/abstract/19642704373, accessed 23 June 2020). 43 

https://www.researchgate.net/publication/26803784_Kathmandu_Nepal_Still_an_enteric_fever_capital_of_the_world
https://www.researchgate.net/publication/26803784_Kathmandu_Nepal_Still_an_enteric_fever_capital_of_the_world
https://www.researchgate.net/publication/26803784_Kathmandu_Nepal_Still_an_enteric_fever_capital_of_the_world
https://www.researchgate.net/publication/26803784_Kathmandu_Nepal_Still_an_enteric_fever_capital_of_the_world
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3367370/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3367370/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4046978/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4046978/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4712142/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4712142/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3028862/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3028862/
https://apps.who.int/iris/bitstream/handle/10665/267253/PMC2555310.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/267253/PMC2555310.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/267253/PMC2555310.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/267253/PMC2555310.pdf?sequence=1&isAllowed=y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120298/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120298/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1527221/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1527221/
https://www.cabdirect.org/cabdirect/abstract/19642704373
https://www.cabdirect.org/cabdirect/abstract/19642704373


WHO/BS/2020.2387 

Page 50 

 

 1 

17. Typhoid vaccines: WHO position paper – March 2018. Weekly Epidemiological 2 

Record. 2018;93(13):153–72 3 

(https://apps.who.int/iris/bitstream/handle/10665/272272/WER9313.pdf?ua=1, 4 

accessed 23 June 2020). 5 

 6 

18. Crump JA, Luby SP, Mintz ED. The global burden of typhoid fever. Bull World 7 

Health Organ. 2004;82(5):346–53 8 

(https://www.who.int/bulletin/volumes/82/5/346arabic.pdf, accessed 23 June 2020). 9 

 10 

19. Crump JA, Ram PK, Gupta SK, Miller MA, Mintz ED. Part I. Analysis of data gaps 11 

pertaining to Salmonella enterica serotype Typhi infections in low and medium 12 

human development index countries, 1984–2005. Epidemiol Infect. 2008;136(4):436–13 

48 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2870843/, accessed 23 June 14 

2020). 15 

 16 

20. Background paper to SAGE on typhoid vaccine policy recommendations. Geneva: 17 

World Health Organization; 2017 18 

(https://www.who.int/immunization/sage/meetings/2017/october/1_Typhoid_SAGE_19 

background_paper_Final_v3B.pdf?ua=1, accessed 23 June 2020). 20 

 21 

21. Thompson CN, Kama M, Acharya S, Bera U, Clemens J, Crump JA et al. Typhoid 22 

fever in Fiji: a reversible plague? Trop Med Int Health. 2014;19(10):1284–92 23 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4285329/, accessed 24 June 2020). 24 

 25 

22. Hoffman SL, Punjabi NH, Kumala S, Moechtar MA, Pulungsih SP, Rivai AR et al. 26 

Reduction of mortality in chloramphenicol-treated severe typhoid fever by high-dose 27 

dexamethasone. N Engl J Med. 1984;310(2):82–8 (abstract: 28 

https://www.nejm.org/doi/full/10.1056/NEJM198401123100203, accessed 24 June 29 

2020). 30 

 31 

23. Gilman RH, Terminel M, Levine MM, Hernandez-Mendoza P, Hornick RB. Relative 32 

efficacy of blood, urine, rectal swab, bone-marrow, and rose-spot cultures for 33 

recovery of Salmonella typhi in typhoid fever. Lancet. 1975;305(7918):1211–3 34 

(abstract: https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(75)92194-35 

7/fulltext, accessed 24 June 2020). 36 

 37 

24. Avendano A, Herrera P, Horwitz I, Duarte E, Prenzel I, Lanata C et al. Duodenal 38 

string cultures: practicality and sensitivity for diagnosing enteric fever in children. J 39 

Infect Dis. 1986;153(2):359–62 (preview: https://academic.oup.com/jid/article-40 

abstract/153/2/359/790748, accessed 24 June 2020). 41 

 42 

https://apps.who.int/iris/bitstream/handle/10665/272272/WER9313.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272272/WER9313.pdf?ua=1
https://www.who.int/bulletin/volumes/82/5/346arabic.pdf
https://www.who.int/bulletin/volumes/82/5/346arabic.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2870843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2870843/
https://www.who.int/immunization/sage/meetings/2017/october/1_Typhoid_SAGE_background_paper_Final_v3B.pdf?ua=1
https://www.who.int/immunization/sage/meetings/2017/october/1_Typhoid_SAGE_background_paper_Final_v3B.pdf?ua=1
https://www.who.int/immunization/sage/meetings/2017/october/1_Typhoid_SAGE_background_paper_Final_v3B.pdf?ua=1
https://www.who.int/immunization/sage/meetings/2017/october/1_Typhoid_SAGE_background_paper_Final_v3B.pdf?ua=1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4285329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4285329/
https://www.nejm.org/doi/full/10.1056/NEJM198401123100203
https://www.nejm.org/doi/full/10.1056/NEJM198401123100203
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(75)92194-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(75)92194-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(75)92194-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(75)92194-7/fulltext
https://academic.oup.com/jid/article-abstract/153/2/359/790748
https://academic.oup.com/jid/article-abstract/153/2/359/790748
https://academic.oup.com/jid/article-abstract/153/2/359/790748
https://academic.oup.com/jid/article-abstract/153/2/359/790748


WHO/BS/2020.2387 

Page 51 

 

25. Ochiai RL, Acosta CJ, Danovaro-Holliday MC, Baiqing D, Bhattacharya SK, Agtini 1 

MD et al. A study of typhoid fever in five Asian countries: disease burden and 2 

implications for controls. Bull World Health Organ. 2008;86(4):260–8 3 

(https://www.who.int/bulletin/volumes/86/4/06-039818/en/, accessed 24 June 2020). 4 

 5 

26. Shakya M, Colin-Jones R, Theiss-Nyland K, Voysey M, Pant D, Smith N et al. Phase 6 

3 efficacy analysis of a typhoid conjugate vaccine trial in Nepal. N Engl J Med. 7 

2019;381(23):2209–18 (https://www.nejm.org/doi/full/10.1056/NEJMoa1905047, 8 

accessed 24 June 2020). 9 

 10 

27. Feasey NA, Masesa C, Jassi C, Faragher EB, Mallewa J, Mallewa M et al. Three 11 

epidemics of invasive multidrug-resistant Salmonella bloodstream infection in 12 

Blantyre, Malawi, 1998–2014. Clin Infect Dis. 2015;61(Suppl 4):S363–71 13 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596930/, accessed 24 June 2020). 14 

 15 

28. Lutterloh E, Likaka A, Sejvar J, Manda R, Naiene J, Monroe SS et al. Multidrug-16 

resistant typhoid fever with neurologic findings on the Malawi–Mozambique border. 17 

Clin Infect Dis. 2012;54(8):1100–6 18 

(https://academic.oup.com/cid/article/54/8/1100/364807, accessed 24 June 2020). 19 

 20 

29. Walters MS, Routh J, Mikoleit M, Kadivane S, Ouma C, Mubiru D et al. Shifts in 21 

geographic distribution and antimicrobial resistance during a prolonged typhoid fever 22 

outbreak – Bundibugyo and Kasese Districts, Uganda, 2009–2011. PLoS Negl Trop 23 

Dis. 2014;8(3):e2726 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3945727/, 24 

accessed 24 June 2020). 25 

 26 

30. Hendriksen RS, Leekitcharoenphon P, Lukjancenko O, Lukwesa-Musyani C, 27 

Tambatamba B, Mwaba J et al. Genomic signature of multidrug-resistant Salmonella 28 

enterica serovar Typhi isolates related to a massive outbreak in Zambia between 2010 29 

and 2012. J Clin Microbiol. 2015;53(1):262–72 30 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4290967/, accessed 24 June 2020). 31 

 32 

31. Polonsky JA, Martínez-Pino I, Nackers F, Chonzi P, Manangazira P, van Herp M et 33 

al. Descriptive epidemiology of typhoid fever during an epidemic in Harare, 34 

Zimbabwe, 2012. PLoS One. 2014;9(12):e114702 35 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4259398/, accessed 24 June 2020). 36 

 37 

32. Das S, Samajpati S, Ray U, Roy I, Dutta S. Antimicrobial resistance and molecular 38 

subtypes of Salmonella enterica serovar Typhi isolates from Kolkata, India over a 15 39 

years period 1998–2012. Int J Med Microbiol. 2017;307(1):28–36 (abstract: 40 

https://pubmed.ncbi.nlm.nih.gov/27916384/, accessed 24 June 2020). 41 

 42 

https://www.who.int/bulletin/volumes/86/4/06-039818/en/
https://www.who.int/bulletin/volumes/86/4/06-039818/en/
https://www.nejm.org/doi/full/10.1056/NEJMoa1905047
https://www.nejm.org/doi/full/10.1056/NEJMoa1905047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596930/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4596930/
https://academic.oup.com/cid/article/54/8/1100/364807
https://academic.oup.com/cid/article/54/8/1100/364807
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3945727/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3945727/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4290967/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4290967/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4259398/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4259398/
https://pubmed.ncbi.nlm.nih.gov/27916384/
https://pubmed.ncbi.nlm.nih.gov/27916384/


WHO/BS/2020.2387 

Page 52 

 

33. Klemm EJ, Shakoor S, Page AJ, Qamar FN, Judge K, Saeed DK et al. Emergence of 1 

an extensively drug-resistant Salmonella enterica serovar Typhi clone harboring a 2 

promiscuous plasmid encoding resistance to fluoroquinolones and third-generation 3 

cephalosporins. mBio. 2018;9(1):1–10 (https://mbio.asm.org/content/9/1/e00105-18, 4 

accessed 24 June 2020). 5 

 6 

34. Wong VK, Baker S, Pickard DJ, Parkhill J, Page AJ, Feasey NA et al. 7 

Phylogeographical analysis of the dominant multidrug-resistant H58 clade of 8 

Salmonella Typhi identifies inter- and intracontinental transmission events. Nat 9 

Genet. 2015;47(6):632–9 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921243/, 10 

accessed 24 June 2020). 11 

 12 

35. Parry CM, Thompson C, Vinh H, Chinh NT, Phuong lT, Ho VA et al. Risk factors for 13 

the development of severe typhoid fever in Vietnam. BMC Infect Dis. 2014;14:73 14 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3923984/, accessed 24 June 2020). 15 

 16 

36. Stuart BM, Pullen RL. Typhoid: clinical analysis of three hundred and sixty cases. 17 

Arch Intern Med. 1946;78(6):629–61 (abstract: 18 

https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/552101, 19 

accessed 24 June 2020). 20 

 21 

37. Levine MM. Typhoid fever vaccines. In: Plotkin SA, Orenstein WA, Offit PA, 22 

Edwards KM, editors. Vaccines. Seventh edition. Elsevier; 2018:1114–44. 23 

 24 

38. Levine MM, Black RE, Lanata C. Precise estimation of the numbers of chronic 25 

carriers of Salmonella typhi in Santiago, Chile, an endemic area. J Infect Dis. 26 

1982;146(6):724–6 (abstract: https://academic.oup.com/jid/article-27 

abstract/146/6/724/930355, accessed 24 June 2020). 28 

 29 

39. Khatri NS, Maskey P, Poudel S, Jaiswal VK, Karkey A, Koirala S et al. Gallbladder 30 

carriage of Salmonella paratyphi A may be an important factor in the increasing 31 

incidence of this infection in South Asia. Ann Intern Med. 2009;150(8):567–8 32 

(preview: https://www.acpjournals.org/doi/full/10.7326/0003-4819-150-8-33 

200904210-00017, accessed 24 June 2020). 34 

 35 

40. Baker S, Holt KE, Clements ACA, Karkey A, Arjyal A, Boni MF et al. Combined 36 

high-resolution genotyping and geospatial analysis reveals modes of endemic urban 37 

typhoid fever transmission. Open Biol. 2011;1(2):110008 38 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3352080/, accessed 24 June 2020). 39 

 40 

41. Bhutta ZA. Current concepts in the diagnosis and treatment of typhoid fever. BMJ. 41 

2006;333(7558):78–82 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1489205/, 42 

accessed 12 July 2020). 43 

https://mbio.asm.org/content/9/1/e00105-18
https://mbio.asm.org/content/9/1/e00105-18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3923984/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3923984/
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/552101
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/552101
https://academic.oup.com/jid/article-abstract/146/6/724/930355
https://academic.oup.com/jid/article-abstract/146/6/724/930355
https://academic.oup.com/jid/article-abstract/146/6/724/930355
https://academic.oup.com/jid/article-abstract/146/6/724/930355
https://www.acpjournals.org/doi/full/10.7326/0003-4819-150-8-200904210-00017
https://www.acpjournals.org/doi/full/10.7326/0003-4819-150-8-200904210-00017
https://www.acpjournals.org/doi/full/10.7326/0003-4819-150-8-200904210-00017
https://www.acpjournals.org/doi/full/10.7326/0003-4819-150-8-200904210-00017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3352080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3352080/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1489205/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1489205/


WHO/BS/2020.2387 

Page 53 

 

 1 

42. Huang DB, DuPont HL. Problem pathogens: extra-intestinal complications of 2 

Salmonella enterica serotype Typhi infection. Lancet Infect Dis. 2005;5(6):341–8 3 

(abstract: https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(05)70138-4 

9/fulltext, accessed 12 July 2020). 5 

 6 

43. Bhutta ZA. Impact of age and drug resistance on mortality in typhoid fever. Arch Dis 7 

Child. 1996;75(3):214–7 (https://adc.bmj.com/content/archdischild/75/3/214.full.pdf, 8 

accessed 12 July 2020). 9 

 10 

44. Sarasombath S, Banchuin N, Sukosol T, Vanadurongwan S, Rungpitarangsi B, 11 

Dumavibhat B. Systemic and intestinal immunities after different typhoid 12 

vaccinations. Asian Pac J Allergy Immunol. 1987;5(1):53–61 (abstract: 13 

https://pubmed.ncbi.nlm.nih.gov/3620049/, accessed 12 July 2020). 14 

 15 

45. Sarma VN, Malaviya AN, Kumar R, Ghai OP, Bakhtary MM. Development of 16 

immune response during typhoid fever in man. Clin Exp Immunol. 1977;28(1):35–9 17 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1540868/, accessed 12 July 2020). 18 

 19 

46. Rajagopalan P, Kumar R, Malaviya AN. Immunological studies in typhoid fever. II. 20 

Cell-mediated immune responses and lymphocyte subpopulations in patients with 21 

typhoid fever. Clin Exp Immunol. 1982;47(2):269–74 22 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1536530/, accessed 12 July 2020). 23 

 24 

47. Thevanesam V, Arseculeratne SN, Weliange LV, Athauda PK. Cell mediated and 25 

humoral immune responses in human typhoid fever. Trop Geogr Med. 1982;34(1):13–26 

7 (abstract: https://pubmed.ncbi.nlm.nih.gov/7080181/, accessed 12 July 2020). 27 

 28 

48. Mabel TJ, Paniker CK. The role of cell-mediated immunity in typhoid. Asian J Infect 29 

Dis. 1979;3(2):69–75 (abstract: https://pubmed.ncbi.nlm.nih.gov/543814/, accessed 30 

12 July 2020). 31 

 32 

49. Pulickal AS, Gautam S, Clutterbuck EA, Thorson S, Basynat B, Adhikari N et al. 33 

Kinetics of the natural, humoral immune response to Salmonella enterica serovar 34 

Typhi in Kathmandu, Nepal. Clin Vaccine Immunol. 2009;16(10):1413–9 35 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756851/, accessed 12 July 2020). 36 

 37 

50. Levine MM, Grados O, Gilman RH, Woodward WE, Solis-Plaza R, Waldman W. 38 

Diagnostic value of the Widal test in areas endemic for typhoid fever. Am J Trop Med 39 

Hyg. 1978;27(4):795–800 (abstract: https://pubmed.ncbi.nlm.nih.gov/686246/, 40 

accessed 12 July 2020). 41 

 42 

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(05)70138-9/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(05)70138-9/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(05)70138-9/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(05)70138-9/fulltext
https://adc.bmj.com/content/archdischild/75/3/214.full.pdf
https://adc.bmj.com/content/archdischild/75/3/214.full.pdf
https://pubmed.ncbi.nlm.nih.gov/3620049/
https://pubmed.ncbi.nlm.nih.gov/3620049/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1540868/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1540868/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1536530/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1536530/
https://pubmed.ncbi.nlm.nih.gov/7080181/
https://pubmed.ncbi.nlm.nih.gov/7080181/
https://pubmed.ncbi.nlm.nih.gov/543814/
https://pubmed.ncbi.nlm.nih.gov/543814/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756851/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756851/
https://pubmed.ncbi.nlm.nih.gov/686246/
https://pubmed.ncbi.nlm.nih.gov/686246/


WHO/BS/2020.2387 

Page 54 

 

51. Lanata CF, Ristori C, Jimenez L, Garcia J, Levine MM, Black RE et al. Vi serology in 1 

detection of chronic Salmonella typhi carriers in an endemic area. Lancet. 2 

1983;322(8347):441–3 (abstract: 3 

https://www.sciencedirect.com/science/article/abs/pii/S0140673683904014, accessed 4 

12 July 2020). 5 

 6 

52. Losonsky GA, Ferreccio C, Kotloff KL, Kaintuck S, Robbins JB, Levine MM. 7 

Development and evaluation of an enzyme-linked immunosorbent assay for serum Vi 8 

antibodies for detection of chronic Salmonella typhi carriers. J Clin Microbiol. 9 

1987;25(12):2266–9 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269467/, 10 

accessed 12 July 2020). 11 

 12 

53. Murphy JR, Wasserman SS, Baqar S, Schlesinger L, Ferreccio C, Lindberg AA et al. 13 

Immunity to Salmonella typhi: considerations relevant to measurement of cellular 14 

immunity in typhoid-endemic regions. Clin Exp Immunol. 1989;75(2):228–33 15 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1542130/, accessed 12 July 2020). 16 

 17 

54. Gauld JS, Hu H, Klein DJ, Levine MM. Typhoid fever in Santiago, Chile: Insights 18 

from a mathematical model utilizing venerable archived data from a successful 19 

disease control program. PLoS Negl Trop Dis. 2018;12(9):e0006759 20 

(https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0006759, accessed 21 

12 July 2020). 22 

 23 

55. Levine MM, Ferreccio C, Black RE, Tacket CO, Germanier R. Progress in vaccines 24 

against typhoid fever. Reviews of Infectious Diseases. 1989;11(Suppl 3):S552–67 25 

(abstract: https://academic.oup.com/cid/article-26 

abstract/11/Supplement_3/S552/367127, accessed 12 July 2020). 27 

 28 

56. Ivanoff B, Levine MM, Lambert PH. Vaccination against typhoid fever: present 29 

status. Bull World Health Organ. 1994;72(6):957–71 30 

(https://apps.who.int/iris/bitstream/handle/10665/48685/bulletin_1994_72(6)_957-31 

971.pdf;sequence=1, accessed 12 July 2020). 32 

 33 

57. Ashcroft MT, Singh B, Nicholson CC, Ritchie JM, Sobryan E, Williams F. A seven-34 

year field trial of two typhoid vaccines in Guyana. Lancet. 1967;290(7525):1056–9 35 

(abstract: https://www.sciencedirect.com/science/article/abs/pii/S0140673667903352, 36 

accessed 12 July 2020). 37 

 38 

58. Edsall G, Carlson MC, Formal SB, Benenson AS. Laboratory tests of typhoid 39 

vaccines used in a controlled field study. Bull World Health Organ. 1959;20(6):1017–40 

32 (https://apps.who.int/iris/handle/10665/265446, accessed 12 July 2020). 41 

 42 

https://www.sciencedirect.com/science/article/abs/pii/S0140673683904014
https://www.sciencedirect.com/science/article/abs/pii/S0140673683904014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1542130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1542130/
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0006759
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0006759
https://academic.oup.com/cid/article-abstract/11/Supplement_3/S552/367127
https://academic.oup.com/cid/article-abstract/11/Supplement_3/S552/367127
https://academic.oup.com/cid/article-abstract/11/Supplement_3/S552/367127
https://academic.oup.com/cid/article-abstract/11/Supplement_3/S552/367127
https://apps.who.int/iris/bitstream/handle/10665/48685/bulletin_1994_72(6)_957-971.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/48685/bulletin_1994_72(6)_957-971.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/48685/bulletin_1994_72(6)_957-971.pdf;sequence=1
https://apps.who.int/iris/bitstream/handle/10665/48685/bulletin_1994_72(6)_957-971.pdf;sequence=1
https://www.sciencedirect.com/science/article/abs/pii/S0140673667903352
https://www.sciencedirect.com/science/article/abs/pii/S0140673667903352
https://apps.who.int/iris/handle/10665/265446
https://apps.who.int/iris/handle/10665/265446


WHO/BS/2020.2387 

Page 55 

 

59. Germanier R, Füer E. Isolation and characterization of Gal E mutant Ty 21a of 1 

Salmonella typhi: a candidate strain for a live, oral typhoid vaccine. J Infect Dis. 2 

1975;131(5):553–8 (abstract: https://academic.oup.com/jid/article-3 

abstract/131/5/553/831260?redirectedFrom=fulltext, accessed 12 July 2020). 4 

 5 

60. Wong KH, Feeley JC, Pittman M. Effect of a Vi-degrading enzyme on potency of 6 

typhoid vaccines in mice. J Infect Dis. 1972;125(4):360–6 (abstract: 7 

https://academic.oup.com/jid/article-8 

abstract/125/4/360/926064?redirectedFrom=fulltext, accessed 12 July 2020). 9 

 10 

61. Ashcroft MT, Ritchie JM, Nicholson CC. Controlled field trial in British Guiana 11 

school children of heat-killed-phenolized and acetone-killed lyophilized typhoid 12 

vaccines. Am J Hyg. 1964;79:196-206. DOI: 10.1093/oxfordjournals.aje.a120376 13 

 14 

62. Levine MM, Ferreccio C, Black RE, Germanier R. Large-scale field trial of Ty21a 15 

live oral typhoid vaccine in enteric-coated capsule formulation. Lancet. 16 

1987;1(8541):1049-1052. DOI: 10.1016/s0140-6736(87)90480-6 17 

 18 

63. Black RE, Levine MM, Ferreccio C, Clements ML, Lanata C, Rooney J, Germanier 19 

R. Efficacy of one or two doses of Ty21a Salmonella typhi vaccine in enteric-coated 20 

capsules in a controlled field trial. Chilean Typhoid Committee. Vaccine. 21 

1990;8(1):81-84. DOI: 10.1016/0264-410x(90)90183-m 22 

 23 

64. Black R, Levine MM, Young C, Rooney J, Levine S, Clements ML, O'Donnell S, 24 

Hugues T, Germanier R. Immunogenicity of Ty21a attenuated "Salmonella typhi" 25 

given with sodium bicarbonate or in enteric-coated capsules. Dev Biol Stand. 26 

1983;53:9-14. 27 

 28 

65. Simanjuntak CH, Paleologo FP, Punjabi NH, Darmowigoto R, Soeprawoto, 29 

Totosudirjo H, et al. Oral immunisation against typhoid fever in Indonesia with Ty21a 30 

vaccine. Lancet. 1991;338(8774):1055-1059. DOI: 10.1016/0140-6736(91)91910-m 31 

 32 

66. Levine MM, Ferreccio C, Cryz S, Ortiz E. Comparison of enteric-coated capsules and 33 

liquid formulation of Ty21a typhoid vaccine in randomised controlled field trial. 34 

Lancet. 1990;336(8720):891-894. DOI: 10.1016/0140-6736(90)92266-k 35 

 36 

67. Wahdan MH, Sérié C, Cerisier Y, Sallam S, Germanier R. A controlled field trial of 37 

live Salmonella typhi strain Ty 21a oral vaccine against typhoid: three-year results. J 38 

Infect Dis. 1982;145(3):292-295. DOI: 10.1093/infdis/145.3.292 39 

 40 

68. Levine MM, Ferreccio C, Abrego P, Martin OS, Ortiz E, Cryz S. Duration of efficacy 41 

of Ty21a, attenuated Salmonella typhi live oral vaccine. Vaccine. 1999;17 Suppl 42 

2:S22-27. DOI: 10.1016/s0264-410x(99)00231-5 43 

https://academic.oup.com/jid/article-abstract/131/5/553/831260?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/131/5/553/831260?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/131/5/553/831260?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/125/4/360/926064?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/125/4/360/926064?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/125/4/360/926064?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/125/4/360/926064?redirectedFrom=fulltext
https://doi.org/10.1093/oxfordjournals.aje.a120376
https://doi.org/10.1093/oxfordjournals.aje.a120376
https://doi.org/10.1016/s0140-6736(87)90480-6
https://doi.org/10.1016/s0140-6736(87)90480-6
https://doi.org/10.1016/0264-410x(90)90183-m
https://doi.org/10.1016/0264-410x(90)90183-m
https://doi.org/10.1016/0140-6736(91)91910-m
https://doi.org/10.1016/0140-6736(91)91910-m
https://doi.org/10.1016/0140-6736(90)92266-k
https://doi.org/10.1016/0140-6736(90)92266-k
https://doi.org/10.1093/infdis/145.3.292
https://doi.org/10.1093/infdis/145.3.292
https://doi.org/10.1016/s0264-410x(99)00231-5
https://doi.org/10.1016/s0264-410x(99)00231-5


WHO/BS/2020.2387 

Page 56 

 

 1 

69. Ferreccio C, Levine MM, Rodriguez H, Contreras R. Comparative efficacy of two, 2 

three, or four doses of TY21a live oral typhoid vaccine in enteric-coated capsules: a 3 

field trial in an endemic area. J Infect Dis. 1989;159(4):766-769. DOI: 4 

10.1093/infdis/159.4.766 5 

 6 

70. Gilman RH, Hornick RB, Woodard WE, DuPont HL, Snyder MJ, Levine MM, 7 

Libonati JP. Evaluation of a UDP-glucose-4-epimeraseless mutant of Salmonella 8 

typhi as a live oral vaccine. J Infect Dis. 1977;136(6):717-723. DOI: 9 

10.1093/infdis/136.6.717 10 

 11 

71. Darton TC, Jones C, Blohmke CJ, Waddington CS, Zhou L, Peters A, et al. Using a 12 

human challenge model of infection to measure vaccine efficacy: a randomised, 13 

controlled trial comparing the typhoid vaccines M01ZH09 with placebo and Ty21a. 14 

PLoS Negl Trop Dis. 2016;10(8):e0004926. DOI: 10.1371/journal.pntd.0004926 15 

 16 

72. Robbins JD, Robbins JB. Reexamination of the protective role of the capsular 17 

polysaccharide (Vi antigen) of Salmonella typhi. J Infect Dis. 1984;150(3):436-449. 18 

DOI: 10.1093/infdis/150.3.436 19 

 20 

73. Acharya IL, Lowe CU, Thapa R, Gurubacharya VL, Shrestha MB, Cadoz M, et al. 21 

Prevention of typhoid fever in Nepal with the Vi capsular polysaccharide of 22 

Salmonella typhi. A preliminary report. N Engl J Med. 1987;317(18):1101-1104. 23 

DOI: 10.1056/NEJM198710293171801 24 

 25 

74. Klugman KP, Gilbertson IT, Koornhof HJ, Robbins JB, Schneerson R, Schulz D, et 26 

al. Protective activity of Vi capsular polysaccharide vaccine against typhoid fever. 27 

Lancet. 1987;2(8569):1165-1169. DOI: 10.1016/s0140-6736(87)91316-x 28 

 29 

75. Tacket CO, Ferreccio C, Robbins JB, Tsai CM, Schulz D, Cadoz M, Goudeau A, 30 

Levine MM. Safety and immunogenicity of two Salmonella typhi Vi capsular 31 

polysaccharide vaccines. J Infect Dis. 1986;154(2):342-345. DOI: 32 

10.1093/infdis/154.2.342 33 

 34 

76. Overbosch D, Peyron F, Picot N, Varichon JP, Dumas R, Chambonneau L, Weber F. 35 

Combined typhoid fever and hepatitis A vaccine: comparison of immunogenicity and 36 

safety to concomitant monovalent vaccine over 3 years. J Travel Med. 37 

2005;12(6):319-326. DOI: 10.2310/7060.2005.12604 38 

 39 

77. Froeschle JE, Decker MD. Duration of Vi antibodies in participants vaccinated with 40 

Typhim Vi (Typhoid Vi polysaccharide vaccine) in an area not endemic for typhoid 41 

fever. Vaccine. 2010;28(6):1451-1453. DOI: 10.1016/j.vaccine.2009.11.051 42 

 43 

https://doi.org/10.1093/infdis/159.4.766
https://doi.org/10.1093/infdis/159.4.766
https://doi.org/10.1093/infdis/136.6.717
https://doi.org/10.1093/infdis/136.6.717
https://doi.org/10.1371/journal.pntd.0004926
https://doi.org/10.1371/journal.pntd.0004926
https://doi.org/10.1093/infdis/150.3.436
https://doi.org/10.1093/infdis/150.3.436
https://doi.org/10.1056/nejm198710293171801
https://doi.org/10.1056/nejm198710293171801
https://doi.org/10.1016/s0140-6736(87)91316-x
https://doi.org/10.1016/s0140-6736(87)91316-x
https://doi.org/10.1093/infdis/154.2.342
https://doi.org/10.1093/infdis/154.2.342
https://doi.org/10.2310/7060.2005.12604
https://doi.org/10.2310/7060.2005.12604
https://doi.org/10.1016/j.vaccine.2009.11.051
https://doi.org/10.1016/j.vaccine.2009.11.051


WHO/BS/2020.2387 

Page 57 

 

78. Michel R, Garnotel E, Spiegel A, Morillon M, Saliou P, Boutin JP. Outbreak of 1 

typhoid fever in vaccinated members of the French Armed Forces in the Ivory Coast. 2 

Eur J Epidemiol. 2005;20(7):635-642. DOI: 10.1007/s10654-005-7454-6 3 

 4 

79. Klugman KP, Koornhof HJ, Robbins JB, Le Cam NN. Immunogenicity, efficacy and 5 

serological correlate of protection of Salmonella typhi Vi capsular polysaccharide 6 

vaccine three years after immunization. Vaccine. 1996;14(5):435-438. DOI: 7 

10.1016/0264-410x(95)00186-5 8 

 9 

80. Yang HH, Wu CG, Xie GZ, Gu QW, Wang BR, Wang LY, et al. Efficacy trial of Vi 10 

polysaccharide vaccine against typhoid fever in south-western China. Bull World 11 

Health Organ. 2001;79(7):625-631. 12 

 13 

81. Khan MI, Soofi SB, Ochiai RL, Habib MA, Sahito SM, Nizami SQ, et al. 14 

Effectiveness of Vi capsular polysaccharide typhoid vaccine among children: a cluster 15 

randomized trial in Karachi, Pakistan. Vaccine. 2012;30(36):5389-5395. DOI: 16 

10.1016/j.vaccine.2012.06.015 17 

 18 

82. Sur D, Ochiai RL, Bhattacharya SK, Ganguly NK, Ali M, Manna B, et al. A cluster-19 

randomized effectiveness trial of Vi typhoid vaccine in India. N Engl J Med. 20 

2009;361(4):335-344. DOI: 10.1056/NEJMoa0807521 21 

 22 

83. Keitel WA, Bond NL, Zahradnik JM, Cramton TA, Robbins JB. Clinical and 23 

serological responses following primary and booster immunization with Salmonella 24 

typhi Vi capsular polysaccharide vaccines. Vaccine. 1994;12(3):195-199. DOI: 25 

10.1016/0264-410x(94)90194-5 26 

 27 

84. Sahastrabuddhe S, Saluja T. Overview of the typhoid conjugate vaccine pipeline: 28 

current status and future plans. Clin Infect Dis. 2019;68(Suppl 1):S22-S26. DOI: 29 

10.1093/cid/ciy884 30 

 31 

85. van Damme P, Kafeja F, Anemona A, Basile V, Hilbert AK, De Coster I, et al. Safety, 32 

immunogenicity and dose ranging of a new Vi-CRM₁₉₇ conjugate vaccine against 33 

typhoid fever: randomized clinical testing in healthy adults. PLoS One. 34 

2011;6(9):e25398. DOI: 10.1371/journal.pone.0025398 35 

 36 

86. Daniels EM, Schneerson R, Egan WM, Szu SC, Robbins JB. Characterization of the 37 

Salmonella paratyphi C Vi polysaccharide. Infect Immun. 1989;57(10):3159-3164. 38 

 39 

87. Hitri K, Kuttel MM, De Benedetto G, Lockyer K, Gao F, Hansal P, et al. O-40 

acetylation of typhoid capsular polysaccharide confers polysaccharide rigidity and 41 

immunodominance by masking additional epitopes. Vaccine. 2019;37(29):3866-3875. 42 

DOI: 10.1016/j.vaccine.2019.05.050 43 

https://doi.org/10.1007/s10654-005-7454-6
https://doi.org/10.1007/s10654-005-7454-6
https://doi.org/10.1016/0264-410x(95)00186-5
https://doi.org/10.1016/0264-410x(95)00186-5
https://doi.org/10.1016/j.vaccine.2012.06.015
https://doi.org/10.1016/j.vaccine.2012.06.015
https://doi.org/10.1056/nejmoa0807521
https://doi.org/10.1056/nejmoa0807521
https://doi.org/10.1016/0264-410x(94)90194-5
https://doi.org/10.1016/0264-410x(94)90194-5
https://doi.org/10.1093/cid/ciy884
https://doi.org/10.1093/cid/ciy884
https://doi.org/10.1371/journal.pone.0025398
https://doi.org/10.1371/journal.pone.0025398
https://doi.org/10.1016/j.vaccine.2019.05.050
https://doi.org/10.1016/j.vaccine.2019.05.050


WHO/BS/2020.2387 

Page 58 

 

 1 

88. Mohan VK, Varanasi V, Singh A, Pasetti MF, Levine MM, Venkatesan R, Ella KM. 2 

Safety and immunogenicity of a Vi polysaccharide-tetanus toxoid conjugate vaccine 3 

(Typbar-TCV) in healthy infants, children, and adults in typhoid endemic areas: a 4 

multicenter, 2-cohort, open-label, double-blind, randomized controlled phase 3 study. 5 

Clin Infect Dis. 2015;61(3):393-402. DOI: 10.1093/cid/civ295 6 

 7 

89. Jin C, Gibani MM, Moore M, Juel HB, Jones E, Meiring J, et al. Efficacy and 8 

immunogenicity of a Vi-tetanus toxoid conjugate vaccine in the prevention of typhoid 9 

fever using a controlled human infection model of Salmonella Typhi: a randomised 10 

controlled, phase 2b trial. Lancet. 2017;390(10111):2472-2480. DOI: 10.1016/S0140-11 

6736(17)32149-9 12 

 13 

90. Szu SC, Hunt S, Xie G, Robbins JB, Schneerson R, Gupta RK, Zhao Z, Tan X. A 14 

human IgG anti-Vi reference for Salmonella typhi with weight-based antibody units 15 

assigned. Vaccine. 2013;31(15):1970-1974. DOI: 10.1016/j.vaccine.2013.02.006 16 

 17 

91. Szu SC, Klugman KP, Hunt S. Re-examination of immune response and estimation of 18 

anti-Vi IgG protective threshold against typhoid fever-based on the efficacy trial of Vi 19 

conjugate in young children. Vaccine. 2014;32(20):2359-2363. DOI: 20 

10.1016/j.vaccine.2014.02.050 21 

 22 

92. Lin FY, Ho VA, Khiem HB, Trach DD, Bay PV, Thanh TC, et al. The efficacy of a 23 

Salmonella typhi Vi conjugate vaccine in two-to-five-year-old children. N Engl J 24 

Med. 2001;344(17):1263-1269. DOI: 10.1056/NEJM200104263441701 25 

 26 

93. Mai NL, Phan VB, Vo AH, Tran CT, Lin FY, Bryla DA, et al. Persistent efficacy of 27 

Vi conjugate vaccine against typhoid fever in young children. N Engl J Med. 28 

2003;349(14):1390-1391. DOI: 10.1056/NEJM200310023491423 29 

 30 

94. Voysey M, Pollard AJ. Seroefficacy of Vi Polysaccharide-Tetanus Toxoid Typhoid 31 

Conjugate Vaccine (Typbar-TCV). Clin Infect Dis. 2018;67(1):18-24. DOI: 32 

10.1093/cid/cix1145 33 

 34 

95. First WHO International Standard for anti-typhoid capsular Vi polysaccharide 35 

immunoglobulin G (human). In: WHO Expert Committee on Biological 36 

Standardization: sixty-eighth report. Geneva: World Health Organization; 2018 37 

(WHO Technical Report Series, No. 1011, section 8.1.4, pp. 72–73; 38 

https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-39 

eng.pdf?ua=1, accessed 5 July 2020). 40 

 41 

96. Rigsby P, Beamish E, Hockley J, Atkinson E, Hitri K, Jones E et al. Evaluation of a 42 

standardised Vi poly-L-lysine ELISA for serology of Vi capsular polysaccharide 43 

https://doi.org/10.1093/cid/civ295
https://doi.org/10.1093/cid/civ295
https://doi.org/10.1016/s0140-6736(17)32149-9
https://doi.org/10.1016/s0140-6736(17)32149-9
https://doi.org/10.1016/s0140-6736(17)32149-9
https://doi.org/10.1016/s0140-6736(17)32149-9
https://doi.org/10.1016/j.vaccine.2013.02.006
https://doi.org/10.1016/j.vaccine.2013.02.006
https://doi.org/10.1016/j.vaccine.2014.02.050
https://doi.org/10.1016/j.vaccine.2014.02.050
https://doi.org/10.1056/nejm200104263441701
https://doi.org/10.1056/nejm200104263441701
https://doi.org/10.1056/nejm200310023491423
https://doi.org/10.1056/nejm200310023491423
https://doi.org/10.1093/cid/cix1145
https://doi.org/10.1093/cid/cix1145
https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1


WHO/BS/2020.2387 

Page 59 

 

antibodies. Biologicals [in press] (available at: 1 

https://www.sciencedirect.com/science/article/pii/S1045105620300609, accessed 12 2 

July 2020). 3 

 4 

97. Dahora LC, Jin C, Spreng RL, Feely F, Mathura R, Seaton KE et al. IgA and IgG1 5 

specific to Vi polysaccharide of Salmonella Typhi correlate with protection status in a 6 

typhoid fever controlled human infection model. Front Immunol. 2019;10:2582 7 

(https://www.frontiersin.org/articles/10.3389/fimmu.2019.02582/full, accessed 12 8 

July 2020). 9 

 10 

98. Edsall G, Gaines S, Landy M, Tigertt WD, Sprinz H, Trapani RJ et al. Studies on 11 

infection and immunity in experimental typhoid fever. I. Typhoid fever in 12 

chimpanzees orally infected with Salmonella typhosa. J Exp Med. 1960;112(1):143–13 

66 (http://europepmc.org/article/PMC/2137207, accessed 12 July 2020). 14 

 15 

99. Gaines S, Tully JG, Tigertt WD. Studies on infection and immunity in experimental 16 

typhoid fever. II. Susceptibility of recovered animals to re-exposure. J Exp Med. 17 

1960;112(6):1023–36 (https://rupress.org/jem/article/112/6/1023/2875/STUDIES-18 

ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL, accessed 12 July 2020). 19 

 20 

100. Gaines S, Landy M, Edsall G, Mandel AD, Trapani RJ, Benenson AS. Studies on 21 

infection and immunity in experimental typhoid fever. III. Effect of prophylactic 22 

immunization. J Exp Med. 1961;114(3):327–42 23 

(https://rupress.org/jem/article/114/3/327/2946/STUDIES-ON-INFECTION-AND-24 

IMMUNITY-IN-EXPERIMENTAL, accessed 12 July 2020). 25 

 26 

101. Gaines S, Sprinz H, Tully JG, Tigertt WD. Studies on infection and immunity in 27 

experimental typhoid fever. VII. The distribution of Salmonella typhi in chimpanzee 28 

tissue following oral challenge, and the relationship between the numbers of bacilli 29 

and morphologic lesions. J Infect Dis. 1968;118(3):293–306 (first page preview: 30 

https://academic.oup.com/jid/article-31 

abstract/118/3/293/823440?redirectedFrom=fulltext, accessed 12 July 2020). 32 

 33 

102. Hale C, Bowe F, Pickard D, Clare S, Haeuw JF, Powers U, Menager N, Mastroeni P, 34 

Dougan G. Evaluation of a novel Vi conjugate vaccine in a murine model of 35 

salmonellosis. Vaccine. 2006;24(20):4312-4320. DOI: 10.1016/j.vaccine.2006.03.002 36 

 37 

103. Rondini S, Micoli F, Lanzilao L, Hale C, Saul AJ, Martin LB. Evaluation of the 38 

immunogenicity and biological activity of the Citrobacter freundii Vi-CRM197 39 

conjugate as a vaccine for Salmonella enterica serovar Typhi. Clin Vaccine Immunol. 40 

2011;18(3):460-468. DOI: 10.1128/CVI.00387-10 41 

 42 

https://www.sciencedirect.com/science/article/pii/S1045105620300609
https://www.frontiersin.org/articles/10.3389/fimmu.2019.02582/full
https://www.frontiersin.org/articles/10.3389/fimmu.2019.02582/full
http://europepmc.org/article/PMC/2137207
http://europepmc.org/article/PMC/2137207
https://rupress.org/jem/article/112/6/1023/2875/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://rupress.org/jem/article/112/6/1023/2875/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://rupress.org/jem/article/112/6/1023/2875/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://rupress.org/jem/article/112/6/1023/2875/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://rupress.org/jem/article/114/3/327/2946/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://rupress.org/jem/article/114/3/327/2946/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://rupress.org/jem/article/114/3/327/2946/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://rupress.org/jem/article/114/3/327/2946/STUDIES-ON-INFECTION-AND-IMMUNITY-IN-EXPERIMENTAL
https://academic.oup.com/jid/article-abstract/118/3/293/823440?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/118/3/293/823440?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/118/3/293/823440?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/118/3/293/823440?redirectedFrom=fulltext
https://doi.org/10.1016/j.vaccine.2006.03.002
https://doi.org/10.1016/j.vaccine.2006.03.002
https://doi.org/10.1128/cvi.00387-10
https://doi.org/10.1128/cvi.00387-10


WHO/BS/2020.2387 

Page 60 

 

104. Libby SJ, Brehm MA, Greiner DL, Shultz LD, McClelland M, Smith KD, et al. 1 

Humanized nonobese diabetic-scid IL2rgammanull mice are susceptible to lethal 2 

Salmonella Typhi infection. Proc Natl Acad Sci U S A. 2010;107(35):15589-15594. 3 

DOI: 10.1073/pnas.1005566107 4 

 5 

105. Song J, Willinger T, Rongvaux A, Eynon EE, Stevens S, Manz MG, Flavell RA, 6 

Galán JE. A mouse model for the human pathogen Salmonella typhi. Cell Host 7 

Microbe. 2010;8(4):369-376. DOI: 10.1016/j.chom.2010.09.003 8 

 9 

106. Firoz Mian M, Pek EA, Chenoweth MJ, Ashkar AA. Humanized mice are susceptible 10 

to Salmonella typhi infection. Cell Mol Immunol. 2011;8(1):83-87. DOI: 11 

10.1038/cmi.2010.52 12 

 13 

107. Firoz Mian M, Pek EA, Chenoweth MJ, Coombes BK, Ashkar AA. Humanized mice 14 

for Salmonella typhi infection: new tools for an old problem. Virulence. 15 

2011;2(3):248-252. DOI: 10.4161/viru.2.3.16133 16 

 17 

108. Darton TC, Blohmke CJ, Moorthy VS, Altmann DM, Hayden FG, Clutterbuck EA, et 18 

al. Design, recruitment, and microbiological considerations in human challenge 19 

studies. Lancet Infect Dis. 2015;15(7):840-851. DOI: 10.1016/S1473-3099(15)00068-20 

7 21 

 22 

109. Human challenge trials for vaccine development: regulatory considerations. In: WHO 23 

Expert Committee on Biological Standardization: Sixty-seventh Report. Geneva: 24 

World Health Organization; 2017: Annex 10 (WHO Technical Report Series, No. 25 

1004; 26 

https://www.who.int/biologicals/expert_committee/WHO_TRS_1004_web_Annex_127 

0.pdf?ua=1, accessed 20 January 2020). 28 

 29 

110. Hornick RB, Greisman SE, Woodward TE, DuPont HL, Dawkins AT, Snyder MJ. 30 

Typhoid fever: pathogenesis and immunologic control. N Engl J Med. 31 

1970;283(13):686-691. DOI: 10.1056/NEJM197009242831306 32 

 33 

111. Hornick RB, Greisman SE, Woodward TE, DuPont HL, Dawkins AT, Snyder MJ. 34 

Typhoid fever: pathogenesis and immunologic control. 2. N Engl J Med. 35 

1970;283(14):739-746. DOI: 10.1056/NEJM197010012831406 36 

 37 

112. DuPont LH, Hornick RB, Snyder MJ, Dawkins AT, Heiner GG, Woodward TE. 38 

Studies of immunity in typhoid fever. Protection induced by killed oral antigens or by 39 

primary infection. Bull WHO 1971;44:667-672. 40 

 41 

113. First WHO international standards for Citrobacter freundii and Salmonella Typhi Vi 42 

polysaccharides. In: WHO Expert Committee on Biological Standardization: sixty-43 

https://doi.org/10.1073/pnas.1005566107
https://doi.org/10.1073/pnas.1005566107
https://doi.org/10.1016/j.chom.2010.09.003
https://doi.org/10.1016/j.chom.2010.09.003
https://doi.org/10.1038/cmi.2010.52
https://doi.org/10.1038/cmi.2010.52
https://doi.org/10.4161/viru.2.3.16133
https://doi.org/10.4161/viru.2.3.16133
https://doi.org/10.1016/s1473-3099(15)00068-7
https://doi.org/10.1016/s1473-3099(15)00068-7
https://doi.org/10.1016/s1473-3099(15)00068-7
https://doi.org/10.1016/s1473-3099(15)00068-7
https://www.who.int/biologicals/expert_committee/WHO_TRS_1004_web_Annex_10.pdf?ua=1
https://www.who.int/biologicals/expert_committee/WHO_TRS_1004_web_Annex_10.pdf?ua=1
https://www.who.int/biologicals/expert_committee/WHO_TRS_1004_web_Annex_10.pdf?ua=1
https://www.who.int/biologicals/expert_committee/WHO_TRS_1004_web_Annex_10.pdf?ua=1
https://doi.org/10.1056/nejm197009242831306
https://doi.org/10.1056/nejm197009242831306
https://doi.org/10.1056/nejm197010012831406
https://doi.org/10.1056/nejm197010012831406


WHO/BS/2020.2387 

Page 61 

 

eighth report. Geneva: World Health Organization; 2018 (WHO Technical Report 1 

Series, No. 1011, section 8.1.3, pp. 70–71; 2 

https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-3 

eng.pdf?ua=1, accessed 5 July 2020). 4 

 5 

114. Gao F, Swann C, Rigsby P, Lockyer K, Logan A, Rijpkema S et al. and the Vi IS 6 

working group. Evaluation of candidate international standards for Vi polysaccharide 7 

from Citrobacter freundii and Salmonella enterica subspecies enterica serovar Typhi. 8 

Prepared for the WHO Expert Committee on Biological Standardization, Geneva, 17–9 

20 October 2017. Geneva: World Health Organization; 2017 (Document 10 

WHO/BS/2017.2310; https://apps.who.int/iris/bitstream/handle/10665/260484/WHO-11 

BS-2017.2310-eng.pdf?sequence=1&isAllowed=y, accessed 5 July 2020). 12 

 13 

115. Gao F, Swann C, Rigsby P, Rijpkema S, Lockyer K, Logan A et al. and the Vi IS 14 

Working Group. Evaluation of two WHO first international standards for Vi 15 

polysaccharide from Citrobacter freundii and Salmonella enterica subspecies enterica 16 

serovar Typhi. Biologicals. 2019;57:34–45 (abstract: 17 

https://pubmed.ncbi.nlm.nih.gov/30502020/, accessed 5 July 2020). 18 

 19 

116. Rijpkema S, Hockley J, Logan A, Rigsby P, Atkinson E, Jin C et al. Establishment of 20 

the first international standard for human anti-typhoid capsular Vi polysaccharide 21 

IgG. Biologicals. 2018;56:29–38 (abstract: 22 

https://pubmed.ncbi.nlm.nih.gov/30201529/, accessed 5 July 2020). 23 

 24 

117. Rijpkema S, Hockley J, Logan A, Rigsby P, Atkinson E, Jin C and the anti-Vi IgG 25 

working group. A WHO collaborative study to evaluate a candidate international 26 

standard for anti-typhoid capsular Vi polysaccharide IgG (human). Prepared for the 27 

WHO Expert Committee on Biological Standardization, Geneva, 17–20 October 28 

2017. Geneva: World Health Organization; 2017 (Document WHO/BS/2017.2307; 29 

https://apps.who.int/iris/bitstream/handle/10665/260482/WHO-BS-2017.2307-30 

eng.pdf?sequence=1&isAllowed=y, accessed 5 July 2020). 31 

 32 

118. WHO good manufacturing practices for pharmaceutical products: main principles. In: 33 

WHO Expert Committee on Specifications for Pharmaceutical Preparations: forty-34 

eighth report. Geneva: World Health Organization; 2014: Annex 2 (WHO Technical 35 

Report Series, No. 986; 36 

http://www.who.int/medicines/areas/quality_safety/quality_assurance/TRS986annex237 

.pdf?ua=1, accessed 23 June 2020). 38 

 39 

119. WHO good manufacturing practices for biological products. In: WHO Expert 40 

Committee on Biological Standardization: sixty-sixth report. Geneva: World Health 41 

Organization; 2016: Annex 2 (WHO Technical Report Series, No. 999; 42 

https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272807/9789241210201-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/260484/WHO-BS-2017.2310-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/260484/WHO-BS-2017.2310-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/260484/WHO-BS-2017.2310-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/260484/WHO-BS-2017.2310-eng.pdf?sequence=1&isAllowed=y
https://pubmed.ncbi.nlm.nih.gov/30502020/
https://pubmed.ncbi.nlm.nih.gov/30502020/
https://pubmed.ncbi.nlm.nih.gov/30201529/
https://pubmed.ncbi.nlm.nih.gov/30201529/
https://apps.who.int/iris/bitstream/handle/10665/260482/WHO-BS-2017.2307-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/260482/WHO-BS-2017.2307-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/260482/WHO-BS-2017.2307-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/260482/WHO-BS-2017.2307-eng.pdf?sequence=1&isAllowed=y
http://www.who.int/medicines/areas/quality_safety/quality_assurance/TRS986annex2.pdf?ua=1
http://www.who.int/medicines/areas/quality_safety/quality_assurance/TRS986annex2.pdf?ua=1
http://www.who.int/medicines/areas/quality_safety/quality_assurance/TRS986annex2.pdf?ua=1
http://www.who.int/medicines/areas/quality_safety/quality_assurance/TRS986annex2.pdf?ua=1


WHO/BS/2020.2387 

Page 62 

 

http://www.who.int/biologicals/areas/vaccines/Annex_2_WHO_Good_manufacturing1 

_practices_for_biological_products.pdf?ua=1, accessed 23 June 2020). 2 

 3 

120. Guidelines for national authorities on quality assurance for biological products. In: 4 

WHO Expert Committee on Biological Standardization: forty-second report. Geneva: 5 

World Health Organization; 1992: Annex 2 (WHO Technical Report Series, No. 822; 6 

http://www.who.int/biologicals/publications/trs/areas/biological_products/WHO_TRS7 

_822_A2.pdf, accessed 23 June 2020). 8 

 9 

121. Regulation and licensing of biological products in countries with newly developing 10 

regulatory authorities. In: WHO Expert Committee on Biological Standardization: 11 

forty-fifth report. Geneva: World Health Organization; 1995; Annex 1 (WHO 12 

Technical Report Series, No. 858; 13 

https://www.who.int/biologicals/publications/trs/areas/vaccines/regulatory/WHO_TR14 

S_858_A1.pdf?ua=1, accessed 5 July 2020). 15 

 16 

122. Guidelines on procedures and data requirements for changes to approved vaccines. In: 17 

WHO Expert Committee on Biological Standardization: sixty-fifth report. Geneva: 18 

World Health Organization; 2015: Annex 4 (WHO Technical Report Series, 993; 19 

http://www.who.int/biologicals/vaccines/Annex4_Guidelines_changes_to_approved_20 

vaccines_eng.pdf?ua=1, accessed 23 June 2020). 21 

 22 

123. Biosafety guidelines for personnel engaged in the production of vaccines and 23 

biological products for medical use. Geneva: World Health Organization; 1995 24 

(Document WHO/CDS/BVI/95.5; http://apps.who.int/iris/handle/10665/58868, 25 

accessed 5 July 2020). 26 

 27 

124. WHO Guidelines on transmissible spongiform encephalopathies in relation to 28 

biological and pharmaceutical products. Geneva: World Health Organization; 2003 29 

(http://www.who.int/biologicals/publications/en/whotse2003.pdf, accessed 23 June 30 

2020). 31 

 32 

125. Requirements for Vi polysaccharide typhoid vaccine (Requirements for Biological 33 

Substances No. 48). In: WHO Expert Committee on Biological Standardization: forty-34 

third report. Geneva: World Health Organization; 1994: Annex 1 (WHO Technical 35 

Report Series, No. 840; 36 

https://www.who.int/biologicals/publications/trs/areas/vaccines/typhoid/WHO_TRS_37 

840_A1.pdf?ua=1, accessed 12 July 2020). 38 

 39 

126. Stone AL, Szu SC. Application of optical properties of the Vi capsular polysaccharide 40 

for quantitation of the Vi antigen in vaccines for typhoid fever. J Clin Microbiol. 41 

1988;26(4):719-725. 42 

 43 

http://www.who.int/biologicals/areas/vaccines/Annex_2_WHO_Good_manufacturing_practices_for_biological_products.pdf?ua=1
http://www.who.int/biologicals/areas/vaccines/Annex_2_WHO_Good_manufacturing_practices_for_biological_products.pdf?ua=1
http://www.who.int/biologicals/areas/vaccines/Annex_2_WHO_Good_manufacturing_practices_for_biological_products.pdf?ua=1
http://www.who.int/biologicals/publications/trs/areas/biological_products/WHO_TRS_822_A2.pdf
http://www.who.int/biologicals/publications/trs/areas/biological_products/WHO_TRS_822_A2.pdf
http://www.who.int/biologicals/publications/trs/areas/biological_products/WHO_TRS_822_A2.pdf
http://www.who.int/biologicals/publications/trs/areas/biological_products/WHO_TRS_822_A2.pdf
https://www.who.int/biologicals/publications/trs/areas/vaccines/regulatory/WHO_TRS_858_A1.pdf?ua=1
https://www.who.int/biologicals/publications/trs/areas/vaccines/regulatory/WHO_TRS_858_A1.pdf?ua=1
https://www.who.int/biologicals/publications/trs/areas/vaccines/regulatory/WHO_TRS_858_A1.pdf?ua=1
https://www.who.int/biologicals/publications/trs/areas/vaccines/regulatory/WHO_TRS_858_A1.pdf?ua=1
http://www.who.int/biologicals/vaccines/Annex4_Guidelines_changes_to_approved_vaccines_eng.pdf?ua=1
http://www.who.int/biologicals/vaccines/Annex4_Guidelines_changes_to_approved_vaccines_eng.pdf?ua=1
http://www.who.int/biologicals/vaccines/Annex4_Guidelines_changes_to_approved_vaccines_eng.pdf?ua=1
http://www.who.int/biologicals/vaccines/Annex4_Guidelines_changes_to_approved_vaccines_eng.pdf?ua=1
http://apps.who.int/iris/handle/10665/58868
http://apps.who.int/iris/handle/10665/58868
http://www.who.int/biologicals/publications/en/whotse2003.pdf
http://www.who.int/biologicals/publications/en/whotse2003.pdf
https://www.who.int/biologicals/publications/trs/areas/vaccines/typhoid/WHO_TRS_840_A1.pdf?ua=1
https://www.who.int/biologicals/publications/trs/areas/vaccines/typhoid/WHO_TRS_840_A1.pdf?ua=1
https://www.who.int/biologicals/publications/trs/areas/vaccines/typhoid/WHO_TRS_840_A1.pdf?ua=1
https://www.who.int/biologicals/publications/trs/areas/vaccines/typhoid/WHO_TRS_840_A1.pdf?ua=1


WHO/BS/2020.2387 

Page 63 

 

127. Lemercinier X, Martinez-Cabrera I, Jones C. Use and validation of an NMR test for 1 

the identity and O-acetyl content of the Salmonella typhi Vi capsular polysaccharide 2 

vaccine. Biologicals. 2000;28(1):17-24. DOI: 10.1006/biol.1999.0238 3 

 4 

128. Bednar B, Hennessey JP, Jr. Molecular size analysis of capsular polysaccharide 5 

preparations from Streptococcus pneumoniae. Carbohydrate Research, 1993;243:115–6 

130. 7 

 8 

129. Hestrin S. The reaction of acetylcholine and other carboxylic acid derivatives with 9 

hydroxylamine, and its analytical application. J Biol Chem. 1949;180(1):249-261. 10 

 11 

130. Micoli F, Rondini S, Pisoni I, Proietti D, Berti F, Costantino P, et al. Vi-CRM 197 as 12 

a new conjugate vaccine against Salmonella Typhi. Vaccine. 2011;29(4):712-720. 13 

DOI: 10.1016/j.vaccine.2010.11.022 14 

 15 

131. Giannelli C, Raso MM, Palmieri E, De Felice A, Pippi F, Micoli F. Development of a 16 

specific and sensitive HPAEC-PAD method for quantification of Vi polysaccharide 17 

applicable to other polysaccharides containing amino uronic acids. Anal. Chem. 2020 18 

(in press) https://dx.doi.org/10.1021/acs.analchem.9b05107 19 

 20 

132. Szu SC, Li XR, Stone AL, Robbins JB. Relation between structure and immunologic 21 

properties of the Vi capsular polysaccharide. Infect Immun. 1991;59(12):4555-4561. 22 

 23 

133. Jones C, Lemercinier X. Use and validation of NMR assays for the identity and O-24 

acetyl content of capsular polysaccharides from Neisseria meningitidis used in 25 

vaccine manufacture. J Pharm Biomed Anal. 2002;30(4):1233-1247. DOI: 26 

10.1016/s0731-7085(02)00462-4 27 

 28 

134. Kao G, Tsai CM. Quantification of O-acetyl, N-acetyl and phosphate groups and 29 

determination of the extent of O-acetylation in bacterial vaccine polysaccharides by 30 

high-performance anion-exchange chromatography with conductivity detection 31 

(HPAEC-CD). Vaccine 2004;22:335-344. DOI: 10.1016/j.vaccine.2003.08.008 32 

 33 

135. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin 34 

phenol reagent. J Biol Chem. 1951;193(1):265-275. 35 

 36 

136. Nucleic acids in polysaccharide; Method of analysis. European Pharmacopoeia. 10th 37 

ed. Strasbourg: Council of Europe; 2020. 38 

 39 

137. Recommendations to assure the quality, safety and efficacy of tetanus vaccines 40 

(adsorbed). Replacement of Annex 2 of WHO Technical Report Series, No. 800, and 41 

Annex 5 of WHO Technical Report Series, No. 927. In: WHO Expert Committee on 42 

Biological Standardization. Sixty-third report. Geneva: World Health Organization; 43 

https://doi.org/10.1006/biol.1999.0238
https://doi.org/10.1006/biol.1999.0238
https://doi.org/10.1016/j.vaccine.2010.11.022
https://doi.org/10.1016/j.vaccine.2010.11.022
https://dx.doi.org/10.1021/acs.analchem.9b05107
https://dx.doi.org/10.1021/acs.analchem.9b05107
https://doi.org/10.1016/s0731-7085(02)00462-4
https://doi.org/10.1016/s0731-7085(02)00462-4


WHO/BS/2020.2387 

Page 64 

 

2014. Annex 5 (WHO Technical Report Series, No. 980; 1 

https://www.who.int/biologicals/vaccines/Tetanus_Recommendations_TRS_980_Ann2 

ex_5.pdf?ua=1, accessed 18 December 2019). 3 

 4 

138. Recommendations to assure the quality, safety and efficacy of diphtheria vaccines 5 

(adsorbed). Replacement of Annex 2 of WHO Technical Report Series, No. 800, and 6 

Annex 5 of WHO Technical Report Series, No. 927. In: WHO Expert Committee on 7 

Biological Standardization. Sixty-third report. Geneva: World Health Organization; 8 

2014. Annex 4 (WHO Technical Report Series, No. 980; 9 

https://www.who.int/biologicals/vaccines/Diphtheria_Recommendations_TRS_980_10 

Annex_4.pdf?ua=1, accessed 18 December 2019). 11 

 12 

139. Giannini G, Rappuoli R, Ratti G. The amino acid sequence of 2 non-toxic mutants of 13 

diphtheria toxin CRM45 and CRM197. Nucleic Acids Research. 1984;12(10):4063-14 

4069. DOI: 10.1093/nar/12.10.4063 15 

 16 

140. Hickey J, Toprani V, Kaur K, Mishra R, Goel A, Oganesyan N, et al. Analytical 17 

Comparability Assessments of 5 Recombinant CRM197 Proteins From Different 18 

Manufacturers and Expression Systems. Journal of Pharmaceutical Sciences. 19 

2018;107(7):1806-1819. DOI: 10.1016/j.xphs.2018.03.002 20 

 21 

141. Hsieh CL. Characterization of saccharide-CRM197 conjugate vaccines. Dev Biol 22 

(Basel). 2000;103:93-104. 23 

 24 

142. Cui C, Carbis R, An SJ, Jang H, Czerkinsky C, Szu SC, Clemens JD. Physical and 25 

chemical characterization and immunologic properties of Salmonella enterica serovar 26 

typhi capsular polysaccharide-diphtheria toxoid conjugates. Clin Vaccine Immunol. 27 

2010;17(1):73-79. DOI: 10.1128/CVI.00266-09 28 

 29 

143. Kossaczka Z, Bystricky S, Bryla DA, Shiloach J, Robbins JB, Szu SC. Synthesis and 30 

immunological properties of Vi and di-O-acetyl pectin protein conjugates with adipic 31 

acid dihydrazide as the linker. Infect Immun. 1997;65(6):2088-2093. 32 

 33 

144. Schneerson R, Barrera O, Sutton A, Robbins JB. Preparation, characterization, and 34 

immunogenicity of Haemophilus influenzae type b polysaccharide-protein conjugates. 35 

J Exp Med. 1980;152(2):361-376. DOI: 10.1084/jem.152.2.361 36 

 37 

145. Arcuri M, Di Benedetto R, Cunningham AF, Saul A, MacLennan CA, Micoli F. The 38 

influence of conjugation variables on the design and immunogenicity of a 39 

glycoconjugate vaccine against Salmonella Typhi. PLoS One. 2017;12(12):e0189100. 40 

DOI: 10.1371/journal.pone.0189100 41 

 42 

https://www.who.int/biologicals/vaccines/Tetanus_Recommendations_TRS_980_Annex_5.pdf?ua=1
https://www.who.int/biologicals/vaccines/Tetanus_Recommendations_TRS_980_Annex_5.pdf?ua=1
https://www.who.int/biologicals/vaccines/Tetanus_Recommendations_TRS_980_Annex_5.pdf?ua=1
https://www.who.int/biologicals/vaccines/Diphtheria_Recommendations_TRS_980_Annex_4.pdf?ua=1
https://www.who.int/biologicals/vaccines/Diphtheria_Recommendations_TRS_980_Annex_4.pdf?ua=1
https://www.who.int/biologicals/vaccines/Diphtheria_Recommendations_TRS_980_Annex_4.pdf?ua=1
https://www.who.int/biologicals/vaccines/Diphtheria_Recommendations_TRS_980_Annex_4.pdf?ua=1
https://doi.org/10.1093/nar/12.10.4063
https://doi.org/10.1093/nar/12.10.4063
https://doi.org/10.1016/j.xphs.2018.03.002
https://doi.org/10.1016/j.xphs.2018.03.002
https://doi.org/10.1128/cvi.00266-09
https://doi.org/10.1128/cvi.00266-09
https://doi.org/10.1084/jem.152.2.361
https://doi.org/10.1084/jem.152.2.361
https://doi.org/10.1371/journal.pone.0189100
https://doi.org/10.1371/journal.pone.0189100


WHO/BS/2020.2387 

Page 65 

 

146. Jones C. NMR assays for carbohydrate-based vaccines. J Pharm Biomed Anal. 1 

2005;38(5):840-850. DOI: 10.1016/j.jpba.2005.01.044 2 

 3 

147. Jones C, Lemercinier X, Crane DT, Gee CK, Austin S. Spectroscopic studies of the 4 

structure and stability of glycoconjugate vaccines. Dev Biol (Basel). 2000;103:121-5 

136. 6 

 7 

148. Ravenscroft N, D'Ascenzi S, Proietti D, Norelli F, Costantino P. Physicochemical 8 

characterisation of the oligosaccharide component of vaccines. Dev Biol (Basel). 9 

2000;103:35-47. 10 

 11 

149. Schuchmann DC, Hou W, Creahan J, He Y, Jones MT. Sensitive quantitation of low 12 

level free polysaccharide in conjugate vaccines by size exclusion chromatography–13 

reverse phase liquid chromatography with UV detection. J Pharm Biomed Anal. 14 

2020;180:113043 (abstract: https://pubmed.ncbi.nlm.nih.gov/31864110/, accessed 26 15 

June 2020). 16 

 17 

150. Giannelli C, Cappelletti E, Di Benedetto R, Pippi F, Arcuri M, Di Cioccio V et al. 18 

Determination of free polysaccharide in Vi glycoconjugate vaccine against typhoid 19 

fever. J Pharm Biomed Anal. 2017;139:143–7 20 

(https://www.sciencedirect.com/science/article/pii/S0731708516312511, accessed 26 21 

June 2020). 22 

 23 

151. Lei QP, Shannon AG, Heller RK, Lamb DH. Quantification of free polysaccharide in 24 

meningococcal polysaccharide-diphtheria toxoid conjugate vaccines. Dev Biol. 25 

2000;103:259–64 (abstract: 26 

https://www.researchgate.net/publication/12117606_Quantification_of_free_polysacc27 

haride_in_meningococcal_polysaccharide-diphtheria_toxoid_conjugate_vaccines, 28 

accessed 26 June 2020). 29 

 30 

152. Micoli F, Rondini S, Pisoni I, Giannelli C, Di Cioccio V, Costantino P et al. 31 

Production of a conjugate vaccine for Salmonella enterica serovar Typhi from 32 

Citrobacter Vi. Vaccine. 2012;30(5):853–61 (abstract: 33 

https://pubmed.ncbi.nlm.nih.gov/22172503/, accessed 12 July 2020). 34 

 35 

153. General requirements for the sterility of biological substances. (Requirements for 36 

biological substances No. 6) (Revised 1973). In: WHO Expert Committee on 37 

Biological Standardization: twenty-fifth report. Geneva: World Health Organization; 38 

1973: Annex 4 (WHO Technical Report Series, No. 530; 39 

https://apps.who.int/iris/bitstream/handle/10665/41053/WHO_TRS_530.pdf;jsessioni40 

d=D1E7A8534648611EDD4FB9EF92CA279C?sequence=1, accessed 26 June 2020). 41 

 42 

https://doi.org/10.1016/j.jpba.2005.01.044
https://pubmed.ncbi.nlm.nih.gov/31864110/
https://pubmed.ncbi.nlm.nih.gov/31864110/
https://www.sciencedirect.com/science/article/pii/S0731708516312511
https://www.sciencedirect.com/science/article/pii/S0731708516312511
https://www.researchgate.net/publication/12117606_Quantification_of_free_polysaccharide_in_meningococcal_polysaccharide-diphtheria_toxoid_conjugate_vaccines
https://www.researchgate.net/publication/12117606_Quantification_of_free_polysaccharide_in_meningococcal_polysaccharide-diphtheria_toxoid_conjugate_vaccines
https://www.researchgate.net/publication/12117606_Quantification_of_free_polysaccharide_in_meningococcal_polysaccharide-diphtheria_toxoid_conjugate_vaccines
https://www.researchgate.net/publication/12117606_Quantification_of_free_polysaccharide_in_meningococcal_polysaccharide-diphtheria_toxoid_conjugate_vaccines
https://pubmed.ncbi.nlm.nih.gov/22172503/
https://pubmed.ncbi.nlm.nih.gov/22172503/
https://apps.who.int/iris/bitstream/handle/10665/41053/WHO_TRS_530.pdf;jsessionid=D1E7A8534648611EDD4FB9EF92CA279C?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/41053/WHO_TRS_530.pdf;jsessionid=D1E7A8534648611EDD4FB9EF92CA279C?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/41053/WHO_TRS_530.pdf;jsessionid=D1E7A8534648611EDD4FB9EF92CA279C?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/41053/WHO_TRS_530.pdf;jsessionid=D1E7A8534648611EDD4FB9EF92CA279C?sequence=1


WHO/BS/2020.2387 

Page 66 

 

154. Model guidance for the storage and transport of time- and temperature-sensitive 1 

pharmaceutical products. In: WHO Expert Committee on Specifications for 2 

Pharmaceutical Preparations: forty-fifth report. Geneva: World Health Organization; 3 

2011: Annex 9 (WHO Technical Report Series, No. 961; 4 

http://www.who.int/medicines/areas/quality_safety/quality_assurance/ModelGuidance5 

ForStorageTransportTRS961Annex9.pdf, accessed 23 June 2020). 6 

 7 

155. Guidelines on stability evaluation of vaccines. In: WHO Expert Committee on 8 

Biological Standardization: fifty-seventh report. Geneva: World Health Organization; 9 

2011: Annex 3 (WHO Technical Report Series, No. 962; 10 

http://www.who.int/biologicals/vaccines/Annex_3_WHO_TRS_962-3.pdf?ua=1, 11 

accessed 23 June 2020). 12 

 13 

156. Guidelines on the stability evaluation of vaccines for use under extended controlled 14 

temperature conditions. In: WHO Expert Committee on Biological Standardization: 15 

sixty-sixth report. Geneva: World Health Organization; 2016: Annex 5 (WHO 16 

Technical Report Series, No. 999; 17 

http://www.who.int/biologicals/areas/vaccines/Annex_5_Guidelines_on_Stability_eva18 

luation_vaccines_ECTC.pdf?ua=1, accessed 23 June 2020). 19 

 20 

157. WHO guidelines on nonclinical evaluation of vaccines. In: WHO Expert Committee 21 

on Biological Standardization: fifty-fourth report. Geneva: World Health 22 

Organization; 2005: Annex 1 (WHO Technical Report Series, No. 927; 23 

http://www.who.int/biologicals/publications/trs/areas/vaccines/nonclinical_evaluation24 

/ANNEX%201Nonclinical.P31-63.pdf?ua=1, accessed 23 June 2020). 25 

 26 

158. An SJ, Yoon YK, Kothari S, Kothari N, Kim JA, Lee E, et al. Physico-chemical 27 

properties of Salmonella typhi Vi polysaccharide-diphtheria toxoid conjugate vaccines 28 

affect immunogenicity. Vaccine. 2011;29(44):7618-7623. DOI: 29 

10.1016/j.vaccine.2011.08.019 30 

 31 

159. Chibber S, Bhardwaj SB. Protection in a mouse peritonitis model mediated by iron-32 

regulated outer-membrane protein of Salmonella typhi coupled to its Vi antigen. J 33 

Med Microbiol. 2004;53(Pt 7):705-709. DOI: 10.1099/jmm.0.05378-0 34 

 35 

160. Lu YJ, Zhang F, Sayeed S, Thompson CM, Szu S, Anderson PW, Malley R. A 36 

bivalent vaccine to protect against Streptococcus pneumoniae and Salmonella typhi. 37 

Vaccine. 2012;30(23):3405-3412. DOI: 10.1016/j.vaccine.2012.03.039 38 

 39 

161. Arcuri M, Di Benedetto R, Cunningham AF, Saul A, MacLennan CA, Micoli F. The 40 

influence of conjugation variables on the design and immunogenicity of a 41 

glycoconjugate vaccine against Salmonella Typhi. PLoS One. 2017;12(12):e0189100. 42 

DOI: 10.1371/journal.pone.0189100. 43 

http://www.who.int/medicines/areas/quality_safety/quality_assurance/ModelGuidanceForStorageTransportTRS961Annex9.pdf
http://www.who.int/medicines/areas/quality_safety/quality_assurance/ModelGuidanceForStorageTransportTRS961Annex9.pdf
http://www.who.int/medicines/areas/quality_safety/quality_assurance/ModelGuidanceForStorageTransportTRS961Annex9.pdf
http://www.who.int/medicines/areas/quality_safety/quality_assurance/ModelGuidanceForStorageTransportTRS961Annex9.pdf
http://www.who.int/biologicals/vaccines/Annex_3_WHO_TRS_962-3.pdf?ua=1
http://www.who.int/biologicals/vaccines/Annex_3_WHO_TRS_962-3.pdf?ua=1
http://www.who.int/biologicals/areas/vaccines/Annex_5_Guidelines_on_Stability_evaluation_vaccines_ECTC.pdf?ua=1
http://www.who.int/biologicals/areas/vaccines/Annex_5_Guidelines_on_Stability_evaluation_vaccines_ECTC.pdf?ua=1
http://www.who.int/biologicals/areas/vaccines/Annex_5_Guidelines_on_Stability_evaluation_vaccines_ECTC.pdf?ua=1
http://www.who.int/biologicals/areas/vaccines/Annex_5_Guidelines_on_Stability_evaluation_vaccines_ECTC.pdf?ua=1
http://www.who.int/biologicals/publications/trs/areas/vaccines/nonclinical_evaluation/ANNEX%201Nonclinical.P31-63.pdf?ua=1
http://www.who.int/biologicals/publications/trs/areas/vaccines/nonclinical_evaluation/ANNEX%201Nonclinical.P31-63.pdf?ua=1
http://www.who.int/biologicals/publications/trs/areas/vaccines/nonclinical_evaluation/ANNEX%201Nonclinical.P31-63.pdf?ua=1
http://www.who.int/biologicals/publications/trs/areas/vaccines/nonclinical_evaluation/ANNEX%201Nonclinical.P31-63.pdf?ua=1
https://doi.org/10.1016/j.vaccine.2011.08.019
https://doi.org/10.1016/j.vaccine.2011.08.019
https://doi.org/10.1099/jmm.0.05378-0
https://doi.org/10.1099/jmm.0.05378-0
https://doi.org/10.1016/j.vaccine.2012.03.039
https://doi.org/10.1016/j.vaccine.2012.03.039


WHO/BS/2020.2387 

Page 67 

 

 1 

162. Handbook: good laboratory practice (GLP): quality practices for regulated non-2 

clinical research and development, 2nd ed. Geneva: UNDP/World Bank/WHO 3 

Special Programme for Research and Training in Tropical Diseases; 2009 4 

(https://apps.who.int/medicinedocs/documents/s19719en/s19719en.pdf, accessed 30 5 

March 2020). 6 

 7 

163. OECD Principles on Good Laboratory Practice. Paris: Organisation for Economic 8 

Cooperation and Development; 1998 9 

(http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/mc/che10 

m(98)17&doclanguage=en, accessed 18 December 2019). 11 

 12 

164. Guidelines for good clinical practice (GCP) for trials on pharmaceutical products. In: 13 

WHO Expert Committee on the Use of Essential Drugs: sixth report. Geneva: World 14 

Health Organization; 1995: Annex 3 (WHO Technical Report Series, No. 850; 15 

https://www.who.int/publications/i/item/92-4-120850-3, accessed 30 June 2020). 16 

 17 

165. Mitra M, Shah N, Ghosh A, Chatterjee S, Kaur I, Bhattacharya N, Basu S. Efficacy 18 

and safety of vi-tetanus toxoid conjugated typhoid vaccine (PedaTyph™) in Indian 19 

children: School based cluster randomized study. Hum Vaccin Immunother. 20 

2016;12(4):939-945. DOI: 10.1080/21645515.2015.1117715 21 

 22 

166. Capeding MR, Alberto E, Sil A, Saluja T, Teshome S, Kim DR, et al. 23 

Immunogenicity, safety and reactogenicity of a Phase II trial of Vi-DT typhoid 24 

conjugate vaccine in healthy Filipino infants and toddlers: A preliminary report. 25 

Vaccine. 2019. DOI: 10.1016/j.vaccine.2019.09.074 26 

 27 

167. Medise BE, Soedjatmiko S, Rengganis I, Gunardi H, Sekartini R, Koesno S, et al. 28 

Six-month follow up of a randomized clinical trial-phase I study in Indonesian adults 29 

and children: Safety and immunogenicity of Salmonella typhi polysaccharide-30 

diphtheria toxoid (Vi-DT) conjugate vaccine. PLoS One. 2019;14(2):e0211784. DOI: 31 

10.1371/journal.pone.0211784 32 

 33 

168. Medise BE, Soedjatmiko S, Gunardi H, Sekartini R, Satari HI, Hadinegoro SR, et al. 34 

One-month follow up of a randomized clinical trial-phase II study in 6-<24 months 35 

old Indonesian subjects: Safety and immunogenicity of Vi-DT Typhoid Conjugate 36 

Vaccine. Int J Infect Dis. 2020. DOI: 10.1016/j.ijid.2020.01.045 37 

 38 

169. Wahid R, Pasetti MF, Maciel M, Simon JK, Tacket CO, Levine MM, Sztein MB. Oral 39 

priming with Salmonella Typhi vaccine strain CVD 909 followed by parenteral boost 40 

with the S. Typhi Vi capsular polysaccharide vaccine induces CD27+IgD-S. Typhi-41 

specific IgA and IgG B memory cells in humans. Clin Immunol. 2011;138(2):187-42 

200. DOI: 10.1016/j.clim.2010.11.006 43 

https://apps.who.int/medicinedocs/documents/s19719en/s19719en.pdf
https://apps.who.int/medicinedocs/documents/s19719en/s19719en.pdf
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/mc/chem(98)17&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/mc/chem(98)17&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/mc/chem(98)17&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/mc/chem(98)17&doclanguage=en
https://www.who.int/publications/i/item/92-4-120850-3
https://www.who.int/publications/i/item/92-4-120850-3
https://doi.org/10.1080/21645515.2015.1117715
https://doi.org/10.1080/21645515.2015.1117715
https://doi.org/10.1016/j.vaccine.2019.09.074
https://doi.org/10.1016/j.vaccine.2019.09.074
https://doi.org/10.1371/journal.pone.0211784
https://doi.org/10.1371/journal.pone.0211784
https://doi.org/10.1016/j.ijid.2020.01.045
https://doi.org/10.1016/j.ijid.2020.01.045
https://doi.org/10.1016/j.clim.2010.11.006
https://doi.org/10.1016/j.clim.2010.11.006


WHO/BS/2020.2387 

Page 68 

 

 1 

170. Lebacq E. Comparative tolerability and immunogenicity of Typherix or Typhim Vi in 2 

healthy adults: 0, 12-month and 0, 24-month administration. BioDrugs. 2001;15 Suppl 3 

1:5-12. DOI: 10.2165/00063030-200115001-00002 4 

 5 

171. Chinnasami B, Sadasivam K, Vivekanandhan A, Arunachalam P, Pasupathy S. A 6 

study on longevity of immune response after vaccination with Salmonella Typhi Vi 7 

conjugate vaccine (Pedatyph™) in children. J Clin Diagn Res. 2015;9(5):SC01-SC03. 8 

DOI: 10.7860/JCDR/2015/13302.5903 9 

 10 

172. Thiem VD, Lin FY, Canh DG, Son NH, Anh DD, Mao ND, et al. The Vi conjugate 11 

typhoid vaccine is safe, elicits protective levels of IgG anti-Vi, and is compatible with 12 

routine infant vaccines. Clin Vaccine Immunol. 2011;18(5):730-735. DOI: 13 

10.1128/CVI.00532-10 14 

 15 

173. Canh DG, Lin FY, Thiem VD, Trach DD, Trong ND, Mao ND, et al. Effect of dosage 16 

on immunogenicity of a Vi conjugate vaccine injected twice into 2- to 5-year-old 17 

Vietnamese children. Infect Immun. 2004;72(11):6586-6588. DOI: 18 

10.1128/IAI.72.11.6586-6588.2004 19 

 20 

174. Arya SC. Salmonella typhi Vi antigen-negative isolates in India and prophylactic 21 

typhoid immunization J Travel Med. 1997;4(4):207. 22 

 23 

175. Arya SC. Salmonella typhi Vi antigen-negative isolates in India and prophylactic 24 

typhoid immunization. Natl Med J India. 2000;13(4):220. 25 

 26 

176. Baker S, Sarwar Y, Aziz H, Haque A, Ali A, Dougan G, Wain J. Detection of Vi-27 

negative Salmonella enterica serovar typhi in the peripheral blood of patients with 28 

typhoid fever in the Faisalabad region of Pakistan. J Clin Microbiol. 29 

2005;43(9):4418-4425. DOI: 10.1128/JCM.43.9.4418-4425.2005 30 

 31 

177. Wain J, House D, Zafar A, Baker S, Nair S, Kidgell C, et al. Vi antigen expression in 32 

Salmonella enterica serovar Typhi clinical isolates from Pakistan. J Clin Microbiol. 33 

2005;43(3):1158-1165. DOI: 10.1128/JCM.43.3.1158-1165.2005 34 

 35 

178. Global Advisory Committee on Vaccine Safety, 5-6 December 2018. Weekly 36 

Epidemiological Record. 2019;94(4):45-52. 37 

 38 

179. Lewis JA. Post-markeeting surveillance: how many patients? Trends Pharmacol Sci. 39 

1982;2:93–4. 40 

 41 

180. Guidelines for independent lot release of vaccines by regulatory authorities. In: WHO 42 

Expert Committee on Biological Standardization: sixty-first report. Geneva: World 43 

https://doi.org/10.2165/00063030-200115001-00002
https://doi.org/10.2165/00063030-200115001-00002
https://doi.org/10.7860/jcdr/2015/13302.5903
https://doi.org/10.7860/jcdr/2015/13302.5903
https://doi.org/10.1128/cvi.00532-10
https://doi.org/10.1128/cvi.00532-10
https://doi.org/10.1128/iai.72.11.6586-6588.2004
https://doi.org/10.1128/iai.72.11.6586-6588.2004
https://doi.org/10.1128/jcm.43.9.4418-4425.2005
https://doi.org/10.1128/jcm.43.9.4418-4425.2005
https://doi.org/10.1128/jcm.43.3.1158-1165.2005
https://doi.org/10.1128/jcm.43.3.1158-1165.2005


WHO/BS/2020.2387 

Page 69 

 

Health Organization; 2013: Annex 2 (WHO Technical Report Series, No. 978; 1 

http://www.who.int/biologicals/TRS_978_Annex_2.pdf?ua=1, accessed 23 June 2 

2020. 3 

 4 

  5 

http://www.who.int/biologicals/TRS_978_Annex_2.pdf?ua=1


WHO/BS/2020.2387 

Page 70 

 

Appendix 1 1 

 2 

Model summary protocol for the manufacturing and control of typhoid 3 

conjugate vaccines 4 

 5 

The following protocol is intended for guidance and indicates the minimum information that 6 

should be provided by the manufacturer to an NRA. Information and tests may be added or 7 

omitted as required by the NRA. 8 

 9 

It is possible that a protocol for a specific product may differ in detail from the model 10 

provided. The essential point is that all relevant details demonstrating compliance with the 11 

licence and with the relevant WHO recommendations for a particular product should be given 12 

in the protocol submitted. 13 

 14 

The section concerning the final product must be accompanied by a sample of the label and a 15 

copy of the leaflet that accompanies the vaccine container. If the protocol is being submitted 16 

in support of a request to permit importation, it must also be accompanied by a certificate for 17 

the release of typhoid conjugate vaccines from the NRA of the country in which the vaccine 18 

was produced (see Appendix 2) stating that the product meets national requirements as well 19 

as the recommendations in Part A of this document. 20 

 21 

 22 

1. Summary information on final lot: 23 

 24 

International name of product: ________________________________________________  25 

Commercial name: _________________________________________________________  26 

Product licence (marketing authorization) number: ________________________________  27 

Country: _________________________________________________________________  28 

Name and address of manufacturer: ____________________________________________  29 

Nature of final product: ______________________________________________________  30 

Final packing lot number: ____________________________________________________  31 

Number of containers in this packing lot: ________________________________________  32 

Type of container: __________________________________________________________  33 

Final container lot number: ___________________________________________________  34 

Number of filled containers in the final lot: ______________________________________  35 

Number of doses per final container: ___________________________________________  36 

Volume of each recommended single human dose: ________________________________  37 

Preservative used and nominal concentration: ____________________________________  38 



WHO/BS/2020.2387 

Page 71 

 

Summary of composition (include a summary of the qualitative and quantitative composition 1 

of the vaccine per single human dose; including the conjugate, any adjuvant used and other 2 

excipients): 3 

_________________________________________________________________________  4 

_________________________________________________________________________  5 

 6 

 7 

Shelf-life approved (months): _________________________________________________  8 

Date of manufacture: ________________________________________________________  9 

Expiry date: _______________________________________________________________  10 

Storage conditions: _________________________________________________________  11 

 12 

 13 

2. Detailed information on manufacture and control 14 

 15 

The following sections are intended for reporting the results of the tests performed during the 16 

production of the vaccine, so that the complete document will provide evidence of consistency 17 

in production; thus, if any test had to be repeated, this information must be indicated. Any 18 

abnormal results should be recorded on a separate sheet. 19 

 20 

Summary of source materials 21 

 22 

It is possible that a number of bulk lots may be used to produce a single final lot. A summary 23 

of the bulk polysaccharide, activated saccharide, bulk carrier protein and bulk conjugate lots 24 

that contributed to the final lot should be provided. 25 

 26 

Control of typhoid Vi polysaccharide 27 

 28 

Bacterial strain 29 

Identity of bacterial strain used 30 

(e.g. Salmonella Typhi Ty2 or Citrobacter freundii): _______________________________  31 

Origin and short history: _____________________________________________________  32 

Authority that approved the strain: _____________________________________________  33 

Date approved: _____________________________________________________________  34 

 35 

Bacterial culture media for seed-lot preparation and Vi production 36 

Free from ingredients that form precipitate when CTAB is added: _____________________  37 

Free from toxic or allergenic substances: _________________________________________  38 

Any components of animal origin (list): _________________________________________  39 

Certified as TSE-free: _______________________________________________________  40 
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 1 

Master seed lot 2 

Lot number: _______________________________________________________________  3 

Date master seed lot established: _______________________________________________  4 

 5 

Working seed lot 6 

Lot number: _______________________________________________________________  7 

Date working seed lot established: _____________________________________________  8 

Type of control tests used on working seed lot: ___________________________________  9 

Date seed lot reconstituted: ___________________________________________________  10 

 11 

Control of single harvests 12 

For each single harvest, indicate the medium used; the dates of inoculation; the temperature 13 

of incubation; the dates of harvests and harvest volumes; the results of tests for bacterial 14 

growth rate, pH, purity and identity; the method and date of inactivation if used; the method of 15 

purification; and the yield of purified polysaccharide. 16 

 17 

Control of purified typhoid Vi polysaccharide 18 

Lot number: _______________________________________________________________  19 

Date of manufacture: ________________________________________________________  20 

Volume: __________________________________________________________________  21 

 22 

Identity 23 

Date tested: _______________________________________________________________  24 

Method used: ______________________________________________________________  25 

Specification: _____________________________________________________________  26 

Result: ___________________________________________________________________  27 

 28 

Molecular size or mass distribution 29 

Date tested: _______________________________________________________________  30 

Method used: ______________________________________________________________  31 

Specification: _____________________________________________________________   32 

Result: ___________________________________________________________________   33 

 34 

Polysaccharide content 35 

Date tested: _______________________________________________________________  36 

Method used: ______________________________________________________________  37 

Specification: _____________________________________________________________  38 

Result: ___________________________________________________________________   39 

 40 

O-acetyl content 41 

Date tested: _______________________________________________________________  42 

Method used: ______________________________________________________________  43 
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Specification: _____________________________________________________________  1 

Result: ___________________________________________________________________   2 

 3 

Moisture content 4 

Date tested: _______________________________________________________________  5 

Method used: ______________________________________________________________  6 

Specification: _____________________________________________________________  7 

Result: ___________________________________________________________________   8 

 9 

Protein impurity 10 

Date tested: _______________________________________________________________  11 

Method used: ______________________________________________________________  12 

Specification: _____________________________________________________________  13 

Result: ___________________________________________________________________   14 

 15 

Nucleic acid impurity 16 

Date tested: _______________________________________________________________  17 

Method used: ______________________________________________________________  18 

Specification: _____________________________________________________________  19 

Result: ___________________________________________________________________   20 

 21 

Phenol content 22 

Date tested: _______________________________________________________________  23 

Method used: ______________________________________________________________  24 

Specification: _____________________________________________________________  25 

Result: ___________________________________________________________________   26 

 27 

Endotoxin content 28 

Date tested: _______________________________________________________________  29 

Method used: ______________________________________________________________  30 

Specification: _____________________________________________________________  31 

Result: ___________________________________________________________________   32 

 33 

Residues of process-related contaminants 34 

Date tested: _______________________________________________________________  35 

Method used: ______________________________________________________________  36 

Specification: _____________________________________________________________  37 

Result: ___________________________________________________________________   38 

 39 

Appearance 40 

Date tested: _______________________________________________________________  41 

Method used: ______________________________________________________________  42 

Specification: _____________________________________________________________  43 
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Result: ___________________________________________________________________   1 

 2 

Control of modified polysaccharide 3 

Lot number: _______________________________________________________________  4 

Method of chemical modification:______________________________________________   5 

 6 

Extent of activation for conjugation 7 

Date tested: _______________________________________________________________  8 

Method used: ______________________________________________________________  9 

Specification: _____________________________________________________________  10 

Result: ___________________________________________________________________   11 

 12 

Molecular size or mass distribution 13 

Date tested: _______________________________________________________________  14 

Method used: ______________________________________________________________  15 

Specification: _____________________________________________________________  16 

Result: ___________________________________________________________________   17 

 18 

Control of carrier protein 19 

 20 

Microorganisms used 21 

Identity of strain used to produce carrier protein: ___________________________________  22 

Origin and short history: _____________________________________________________  23 

Authority that approved the strain: ______________________________________________  24 

Date approved: ____________________________________________________________   25 

 26 

Bacterial culture media for seed-lot preparation and carrier-protein production 27 

Free from ingredients that form precipitate when CTAB is added: _____________________  28 

Free from toxic or allergenic substances: _________________________________________  29 

Any components of animal origin (list): _________________________________________  30 

Certified as TSE free: ________________________________________________________   31 

 32 

Master-seed lot 33 

Lot number: _______________________________________________________________  34 

Date master-seed lot established: ______________________________________________   35 

 36 

Working-seed lot 37 

Lot number: _______________________________________________________________  38 

Date established: ___________________________________________________________  39 

Type of control tests used on working-seed lot: ___________________________________  40 

Date seed lot reconstituted: ___________________________________________________   41 

 42 
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Control of carrier-protein production 1 

 2 

List the lot numbers of harvests: indicate the medium used; the dates of inoculation; the 3 

temperature of incubation; the dates of harvests and harvest volumes; the results of tests for 4 

bacterial growth rate, pH, purity and identity; the method and date of inactivation; the method 5 

of purification; and the yield of purified carrier protein. Provide evidence that the carrier 6 

protein is nontoxic. 7 

 8 

Purified carrier protein 9 

Lot number: _______________________________________________________________  10 

Date produced: ____________________________________________________________   11 

 12 

Identity 13 

Date tested: _______________________________________________________________  14 

Method used: ______________________________________________________________  15 

Specification: _____________________________________________________________  16 

Result: ___________________________________________________________________   17 

 18 

Protein impurity 19 

Date tested: _______________________________________________________________  20 

Method used: ______________________________________________________________  21 

Specification: _____________________________________________________________  22 

Result: ___________________________________________________________________   23 

 24 

Nucleic acid impurity 25 

Date tested: _______________________________________________________________  26 

Method used: ______________________________________________________________  27 

Specification: _____________________________________________________________  28 

Result: ___________________________________________________________________   29 

 30 

Modified carrier protein 31 

Lot number: _______________________________________________________________  32 

Date produced: ____________________________________________________________  33 

Method of modification: _____________________________________________________   34 

 35 

Extent of activation 36 

Date tested: _______________________________________________________________  37 

Method used: ______________________________________________________________  38 

Specification: _____________________________________________________________  39 

Result: ___________________________________________________________________   40 

 41 

Control of purified bulk conjugate 42 

 43 
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Production details of bulk conjugate 1 

List the lot numbers of the saccharide and carrier protein used to manufacture the conjugate 2 

vaccines, the production procedure used, the date of manufacture and the yield. 3 

 4 

Tests on purified bulk conjugate 5 

Identity 6 

Date tested: _______________________________________________________________  7 

Method used: ______________________________________________________________  8 

Specification: _____________________________________________________________  9 

Result: ___________________________________________________________________   10 

 11 

Endotoxin content 12 

Date tested: _______________________________________________________________  13 

Method used: ______________________________________________________________  14 

Specification: _____________________________________________________________  15 

Result: ___________________________________________________________________   16 

 17 

O-acetyl content 18 

Date tested: _______________________________________________________________  19 

Method used: ______________________________________________________________  20 

Specification: _____________________________________________________________  21 

Result: ___________________________________________________________________   22 

 23 

Residual reagents 24 

Date tested: _______________________________________________________________  25 

Method used: ______________________________________________________________  26 

Specification: _____________________________________________________________  27 

Result: ___________________________________________________________________   28 

 29 

Vi polysaccharide content 30 

Date tested: _______________________________________________________________  31 

Method used: ______________________________________________________________  32 

Specification: _____________________________________________________________  33 

Result: ___________________________________________________________________   34 

 35 

Conjugated and unbound (free) polysaccharide 36 

Date tested: _______________________________________________________________  37 

Method used: ______________________________________________________________  38 

Specification: _____________________________________________________________  39 

Result: ___________________________________________________________________   40 

 41 

Protein content 42 

Date tested: _______________________________________________________________  43 
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Method used: ______________________________________________________________  1 

Specification: _____________________________________________________________  2 

Result: ___________________________________________________________________   3 

 4 

Conjugation markers 5 

Date tested: _______________________________________________________________  6 

Method used: ______________________________________________________________  7 

Specification: _____________________________________________________________  8 

Result: ___________________________________________________________________   9 

 10 

Absence of reactive functional groups (capping markers) 11 

Date tested: _______________________________________________________________  12 

Method used: ______________________________________________________________  13 

Specification: _____________________________________________________________  14 

Result: ___________________________________________________________________   15 

 16 

Ratio of polysaccharide to protein 17 

Date tested: _______________________________________________________________  18 

Method used: ______________________________________________________________  19 

Specification: _____________________________________________________________  20 

Result: ___________________________________________________________________   21 

 22 

Molecular size or mass distribution 23 

Date tested: _______________________________________________________________  24 

Method used: ______________________________________________________________  25 

Specification: _____________________________________________________________  26 

Result: ___________________________________________________________________   27 

 28 

Bacterial and fungal sterility 29 

Method used: ______________________________________________________________  30 

Media: ___________________________________________________________________  31 

Volume tested: _____________________________________________________________  32 

Date of inoculation: _________________________________________________________  33 

Date of end of test: __________________________________________________________  34 

Specification: _____________________________________________________________  35 

Result: ___________________________________________________________________  36 

 37 

Specific toxicity of carrier protein (where appropriate) 38 

Method used: ______________________________________________________________  39 

Strain and type of animals: ___________________________________________________  40 

Number of animals: _________________________________________________________  41 

Route of injection: __________________________________________________________  42 

Volume of injection: ________________________________________________________  43 
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Quantity of protein injected: __________________________________________________  1 

Date of start of test: _________________________________________________________  2 

Date of end of test: __________________________________________________________  3 

Specification: _____________________________________________________________  4 

Result: ___________________________________________________________________   5 

 6 

pH 7 

Date tested: _______________________________________________________________  8 

Method used: ______________________________________________________________  9 

Specification: _____________________________________________________________  10 

Result: ___________________________________________________________________   11 

 12 

Appearance 13 

Date tested: _______________________________________________________________  14 

Method used: ______________________________________________________________  15 

Specification: _____________________________________________________________  16 

Result: ___________________________________________________________________   17 

 18 

Depending on the conjugation chemistry used to produce the vaccine, tests should also be 19 

included to demonstrate that amounts of residual reagents and reaction by-products are 20 

below a specified level. 21 

 22 

Control of final bulk 23 

 24 

Lot number: _______________________________________________________________  25 

Date prepared: _____________________________________________________________   26 

 27 

Preservative (if used) 28 

Name and nature: __________________________________________________________   29 

Lot number: _______________________________________________________________   30 

Final concentration in the final bulk: ___________________________________________   31 

 32 

Stabilizer (if used) 33 

Name and nature: __________________________________________________________   34 

Lot number: _______________________________________________________________  35 

Final concentration in the final bulk: ___________________________________________   36 

 37 

Adjuvant (if used) 38 

Name and nature: __________________________________________________________   39 

Lot number: _______________________________________________________________  40 

Final concentration in the final bulk: ___________________________________________  41 

 42 
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Tests on final bulk 1 

Bacterial and fungal sterility 2 

Method used: ______________________________________________________________  3 

Media: ___________________________________________________________________  4 

Volume tested: _____________________________________________________________  5 

Date of inoculation: _________________________________________________________  6 

Date of end of test: __________________________________________________________  7 

Specification: _____________________________________________________________  8 

Result: ___________________________________________________________________  9 

 10 

Filling and containers 11 

 12 

Lot number: _______________________________________________________________  13 

Date of sterile filtration: ______________________________________________________  14 

Date of filling: _____________________________________________________________  15 

Volume of final bulk: ________________________________________________________  16 

Volume per container: _______________________________________________________  17 

Number of containers filled (gross): ____________________________________________  18 

Date of lyophilization (if applicable): ___________________________________________  19 

Number of containers rejected during inspection: _________________________________  20 

Number of containers sampled: _______________________________________________  21 

Total number of containers (net): ______________________________________________  22 

Maximum duration approved for storage: ________________________________________  23 

Storage temperature and duration: _____________________________________________  24 

 25 

Control tests on final lot 26 

 27 

Inspection of final containers 28 

Date tested: _______________________________________________________________  29 

Method used: ______________________________________________________________  30 

Specification: _____________________________________________________________  31 

Results: __________________________________________________________________  32 

Appearance before reconstitution:1  ____________________________________________  33 

Appearance after reconstitution: _______________________________________________  34 

Diluent used:  _____________________________________________________________  35 

Lot number of diluent used:  __________________________________________________  36 

 37 

Tests on final lot 38 

Identity 39 

Date tested: _______________________________________________________________  40 

                                                 
1 This applies to lyophilized vaccines. 
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Method used: ______________________________________________________________  1 

Specification: _____________________________________________________________  2 

Result: ___________________________________________________________________   3 

 4 

Sterility 5 

Method used: ______________________________________________________________  6 

Media: ___________________________________________________________________  7 

Number of containers tested: _________________________________________________  8 

Date of inoculation: _________________________________________________________  9 

Date of end of test: __________________________________________________________  10 

Specification: _____________________________________________________________  11 

Result: ___________________________________________________________________   12 

 13 

Polysaccharide content 14 

Date tested: _______________________________________________________________  15 

Method used: ______________________________________________________________  16 

Specification: _____________________________________________________________  17 

Result: ___________________________________________________________________   18 

 19 

Unbound (free) polysaccharide 20 

Date tested: _______________________________________________________________  21 

Method used: ______________________________________________________________  22 

Specification: _____________________________________________________________  23 

Result: ___________________________________________________________________   24 

 25 

O-acetyl content 26 

Date tested: _______________________________________________________________  27 

Method used: ______________________________________________________________  28 

Specification: _____________________________________________________________  29 

Result: ___________________________________________________________________   30 

 31 

Molecular size or mass distribution 32 

Date tested: _______________________________________________________________  33 

Method used: ______________________________________________________________  34 

Specification: _____________________________________________________________  35 

Result: ___________________________________________________________________   36 

 37 

Endotoxin content 38 

Date tested: _______________________________________________________________  39 

Method used: ______________________________________________________________  40 

Specification: _____________________________________________________________  41 

Result: ___________________________________________________________________   42 

 43 
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Adjuvant content and degree of adsorption (if applicable) 1 

Date tested: _______________________________________________________________  2 

Nature and concentration of adjuvant per single human dose: ________________________  3 

Method used: ______________________________________________________________  4 

Specification: _____________________________________________________________  5 

Result: ___________________________________________________________________   6 

 7 

Preservative content (if applicable) 8 

Date tested: _______________________________________________________________  9 

Method used: ______________________________________________________________  10 

Specification: _____________________________________________________________  11 

Result: ___________________________________________________________________   12 

 13 

pH 14 

Date tested: _______________________________________________________________  15 

Method used: ______________________________________________________________  16 

Specification: _____________________________________________________________  17 

Result: ___________________________________________________________________   18 

 19 

Moisture content1 20 

Date tested: _______________________________________________________________  21 

Method used: ______________________________________________________________  22 

Specification: _____________________________________________________________  23 

Result: ___________________________________________________________________  24 

 25 

Osmolality 26 

Date tested: _______________________________________________________________  27 

Method used: ______________________________________________________________  28 

Specification: _____________________________________________________________  29 

Result: ___________________________________________________________________   30 

 31 

Control of diluent (if applicable) 32 

Name and composition of diluent: _____________________________________________  33 

Lot number: _______________________________________________________________  34 

Date of filling: _____________________________________________________________  35 

Type of diluent container: ____________________________________________________  36 

Appearance: ______________________________________________________________  37 

Filling volume per container: _________________________________________________  38 

Maximum duration approved for storage: ________________________________________  39 

Storage temperature and duration: _____________________________________________  40 

Other specifications: ________________________________________________________  41 

                                                 
1 This applies only to lyophilized vaccines. 
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 1 

Control of adjuvant1 2 

 3 

Summary of production details for the adjuvant 4 

When an adjuvant suspension is provided to reconstitute a lyophilized vaccine, a summary of 5 

the production and control processes should be provided. The information provided and the tests 6 

performed depend on the adjuvant used. 7 

 8 

Summary information for the adjuvant 9 

Name and address of manufacturer: ____________________________________________  10 

Nature of the adjuvant: ______________________________________________________  11 

Lot number: _______________________________________________________________  12 

Date of manufacture: ________________________________________________________  13 

Expiry date: _______________________________________________________________   14 

 15 

Tests on the adjuvant 16 

Adjuvant content 17 

Date tested: _______________________________________________________________  18 

Method used: ______________________________________________________________  19 

Specification: _____________________________________________________________  20 

Result: ___________________________________________________________________  21 

 22 

Appearance 23 

Date tested: _______________________________________________________________  24 

Method used: ______________________________________________________________  25 

Specification: _____________________________________________________________  26 

Result: ___________________________________________________________________   27 

 28 

Purity or impurity 29 

Date tested: _______________________________________________________________  30 

Method used: ______________________________________________________________  31 

Specification: _____________________________________________________________  32 

Result: ___________________________________________________________________   33 

 34 

pH 35 

Date tested: _______________________________________________________________  36 

Method used: ______________________________________________________________  37 

Specification: _____________________________________________________________  38 

Result: ___________________________________________________________________   39 

 40 

                                                 
1 This section is required only when an adjuvant is provided separately to reconstitute a lyophilized vaccine. 
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Pyrogenicity1  1 

Date tested: _______________________________________________________________  2 

Method used: ______________________________________________________________  3 

Specification: _____________________________________________________________  4 

Result: ___________________________________________________________________   5 

 6 

Sterility 7 

Method used: ______________________________________________________________  8 

Media: ___________________________________________________________________  9 

Number of containers used: __________________________________________________  10 

Date of inoculation:_________________________________________________________  11 

Date of end of test: _________________________________________________________  12 

Specification: _____________________________________________________________  13 

Result: ___________________________________________________________________  14 

 15 

 16 

3. Certification by the manufacturer 17 

 18 

Name of head of quality control (typed) _________________________________________  19 

 20 

Certification by the person from the control laboratory of the manufacturing company 21 

taking overall responsibility for the production and quality control of the vaccine. 22 

 23 

 24 

I certify that lot no.  ______________________ of typhoid conjugate vaccine, whose number 25 

appears on the label of the final containers, meets all national requirements and/or satisfies 26 

Part A2 of the WHO Recommendations to assure the quality, safety and efficacy of typhoid 27 

conjugate vaccines.3 28 

 29 

 30 

Signature _________________________________________________________________  31 

Name (typed) _____________________________________________________________  32 

Date _____________________________________________________________________   33 

 34 

 35 

                                                 
1 A pyrogen test of the adjuvant is not needed if a pyrogen test was performed on the adjuvanted reconstituted 

vaccine. 
2 With the exception of provisions on distribution and transport which the NRA may not be in a position to 

assess. 
3 WHO Technical Report Series, No. XXXX, Annex X. 
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4. Certification by the NRA 1 

 2 

If the vaccine is to be exported, attach the model certificate for the lot release of typhoid 3 

conjugate vaccines (as shown in Appendix 2), a label from a final container and an 4 

instruction leaflet for users.  5 
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Appendix 2 1 

 2 

Model certificate for the lot release of typhoid conjugate vaccines 3 

 4 

 5 

Certificate no.       6 

 7 

 8 

The following lot(s) of         vaccine 9 

produced by1          whose 10 

numbers appear on the labels of the final evaluated containers, complies with the relevant 11 

marketing authorization, the national specifications and provisions for the release of 12 

biological products2 and Part A3 of the WHO Recommendations to assure the quality, safety 13 

and efficacy of typhoid conjugate vaccines (2021),4 and with corresponding WHO 14 

recommendations for each of the vaccine’s individual components, as well as with WHO 15 

good manufacturing practices for pharmaceutical products: main principles;5 WHO good 16 

manufacturing practices for biological products;6 and the WHO Guidelines for independent 17 

lot release of vaccines by regulatory authorities.7 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

                                                 
1 Name of manufacturer. 
2 If any national requirements have not been met, specify which one(s) and indicate why the release of the lot(s) 

has nevertheless been authorized by the NRA. 
3 With the exception of provisions on distribution and transport, which the NRA may not be in a position to 

assess. 
4 WHO Technical Report Series, No. XXXX, Annex X. 
5 WHO Technical Report Series, No. 986, Annex 2. 
6 WHO Technical Report Series, No. 999, Annex 2 
7 WHO Technical Report Series, No. 978, Annex 2. 



WHO/BS/2020.2387 

Page 86 

 

 1 

 2 

 3 

 4 

Trade name:  

International nonproprietary/common name:  

Batch numbers appearing on package and 

other identification numbers associated with 

this batch:1 

 

Type of container used:  

Total number of containers or lot size:  

Number of doses per container:  

Date of start of period of validity 

(e.g. manufacturing date): 

 

Date of expiry (DD/MM/YYYY):  

Storage conditions:2  

Diluent lot number(s) (if applicable):  

Diluent expiry date(s):  

Marketing authorization number issued by 

(country): 
 

Name and address of manufacturer:  

Site(s) of manufacturing:  

Name and address of marketing 

authorization holder if different: 
 

 5 

 6 

This batch has been examined using documented procedures which form part of a quality 7 

system which is in accordance with the ISO/IEC 17025 standard. 8 

 9 

The release decision is based on the elements described in paragraph 7.3 of the WHO 10 

Guidelines for independent lot release of vaccines by regulatory authorities.3 11 

 12 

                                                 
1Such as batch number of final bulk. 
2 Some products may also have approved extended controlled temperature conditions at the end of use. 
3 WHO Technical Report Series, No. 978, Annex 2. 
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 1 

 2 

This batch has been found to be compliant with the above by the following institute, member 3 

of the WHO National Control Laboratory Network for Biologicals (WHO-NNB). 4 

 5 

Name (typed)   6 

 7 

Institute   8 

 9 

Position    10 

 11 

Signature    12 

 13 

Date    14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

Stamp 23 

 24 

 25 

 26 

 27 

Importing/requesting authority: 28 

 29 

             30 

 31 

 32 

This certificate conforms to the format recommended by the World Health Organization. 33 

 34 

 35 

 36 


