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ABSTRACT 

Salmonella enterica serovars Typhi and Paratyphi are the diseases causing agents of typhoid and paratyphoid fever. These 

diseases remain significant global health concerns, particularly in regions with inadequate water and sanitation 

infrastructure. Current vaccination strategies offer only short-term protection and fail to establish long-lasting 

immunological memory, highlighting the urgent need for improved vaccine formulations. 

In current study a novel bivalent vaccine formulation targeting Salmonella Typhi and Salmonella Paratyphi B were 

developed. The vaccine comprises two key components: Salmonella Typhi Vi polysaccharide conjugated to flagellin and 

purified O-antigen (O-Ag) from Salmonella Paratyphi B. Optimization of conjugation, purification, and characterisation 

was carried out to confirm the highest quality and efficacy of vaccine components. 

Comprehensive immunogenicity studies were conducted to evaluate the vaccine's potential. The results demonstrate that 

both the Vi-flagellin conjugate and the purified O-Ag elicit robust antibody responses in test subjects. Furthermore, safety 

assessments indicate that the vaccine components are well-tolerated and pose no significant risks. 

These findings strongly support the potential of our bivalent vaccine formulation as a promising candidate for next-

generation typhoid and paratyphoid fever prevention. The ability to induce strong immunogenic responses in opposition to 

both Salmonella Typhi and Salmonella Paratyphi B in a single formulation represents a significant advancement in field of 

enteric fever vaccination. This approach may offer a more effective and comprehensive solution to combat these persistent 

global health threats, particularly in endemic regions where improved long-term protection is critically needed 
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INTRODUCTION 

Typhoid and paratyphoid fever are widespread infections 

triggered by Salmonella enterica serovars Typhi and 

Paratyphi A/B. They are mostly spread through food and 

water that has been contaminated(6,12).These diseases 

remain pandemic in various regions, with typhoid fever 

prevalent across South Asia, South-East Asia, and sub-

Saharan Africa, whereas paratyphoid fever is common 

particularly in South and South-East Asia. The Global 

Burden of Disease (GBD) study reported 9.24 million 
typhoid cases and 110,000 associated deaths in 2019, 

while an estimated 3.39 million paratyphoid cases and 

19,108 deaths were recorded in 2017, with a rising global 

incidence (14).Despite the World Health Organization's 

Strategic Advisory Group of Experts (WHO SAGE) 

recommending typhoid vaccination in endemic regions 

since 2008, currently available vaccines such as Ty21a and 

Vi-polysaccharide remain underutilized. This is primarily 

due to their inability to generate durable immunological 

memory and limited effectiveness (5). Similarly, the early 

20th-century TAB vaccine provided only minimal 

protection against these diseases (4,7,15). However, recent 
advancements in typhoid conjugate vaccines (TCVs), 

which utilize carrier proteins such as diphtheria toxoid 

(DT) or tetanus toxoid (TT), have shown promise in 

improving immunogenicity. 

Lipopolysaccharide (LPS), a significant virulence 

component of Gram-negative bacteria including 

Salmonella, containing Lipid A, a core oligosaccharide, and 
the O-antigen polysaccharide. The O-specific 

polysaccharide (OSP) is the immunodominant region, and 

antibodies targeting it provide protective immunity (1). The 

conjugation of polysaccharides with carrier proteins 

enhances their immunogenicity by eliciting T-cell-

dependent responses, which is crucial for developing more 

effective vaccines. Flagellin, recognized by Toll-like 

receptor 5 (TLR5), functions as a strong immune-

stimulating adjuvant, that can induce of inducing innate as 

well as adaptive immune responses (3,9). This property 

makes flagellin an attractive component for vaccine 
development, as it can potentially enhance the overall 

immune response to the vaccine antigens. The present 

study focuses on the development of a bivalent vaccine 

combining Salmonella TyphiVi polysaccharide conjugated 

to flagellin with purified O-Ag from Salmonella Paratyphi 

B. This innovative approach aims to address the limitations 

of current vaccines by potentially inducing stronger and 

more durable immune responses against both typhoid and 

paratyphoid fever. The study will evaluate the ability of this 

bivalent vaccine to induce immunogenicity, which could 

prepared for more effective prevention strategies against 

these persistent and widespread diseases.. 

METHODOLOGY 

 

Antigen Production and Purification  
2.1(A). Bacterial Strains 

Salmonella enterica serovar Typhi strain MTCC 3216 and 

Salmonella enteric serovar Paratyphi B strain NCTC 
10412 are two important bacterial strains used in the 

production of vaccine components. These strains were 

sourced from the in-house culture collection facility of 

Cadila Pharmaceuticals Ltd., ensuring a reliable and 

controlled source for research and development purposes. 

The preparation of master and working seed lots is a critical 

step in the production process, as it established a consistent 

and standardized starting point for the cultivation of these 

bacterial strains. 

The master and working seed lots are the basis for 

producing and purifying three essential antigenic parts: Vi 

polysaccharide, flagellin, and O-antigen. Vi polysaccharide 

is a capsular antigen found in Salmonella Typhi. It is highly 
significant to produce typhoid vaccines. Flagellin, a 

protein isolated from bacterial flagella, helps the immune 

response against Salmonella infections. The O-antigen, 

which is part of the lipopolysaccharide structure on the 

surface of the bacterial cell, is another important antigenic 

determinant. These purified components are necessary for 

making effective vaccines against typhoid and paratyphoid 

fever. This demonstrates how important it is to protect 

outstanding bacterial strains and standardized production 

processes in vaccine development. 

2.1(B). Vi Polysaccharide Extraction 

Vi polysaccharide preparation from Salmonella Typhi, the 

optimization, development of purification process 

following protocols (10). 

2.1(C). Flagellin Purification 

Flagellin protein was extracted from Salmonella Typhi 

using batch homogenizer followed by a filtration system, in 

accordance with established purification protocols (11). The 

extracted protein was further processed and clarified to 

ensure high purity. 
2.1(D). O-Antigen Extraction and Purification 

O-antigen extraction and purification from Salmonella 

Paratyphi B cells involved a multi-step process designed to 

isolated and concentrated the target antigen. The initial step 

employed direct hydrolysis using a 1% acetic acid solution, 

which effectively broken down cellular components and 

released the O-antigen. Following this extraction, 

centrifugation was performed to separate the antigen-
containing fraction from cellular debris. This fraction had 

been undergone purification through SP Sepharose cation-

exchange chromatography, a technique that separated 

molecules based on their charge interactions with the 

stationary phase. 
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The purification process is further refined by employing a 

two-stage filtration approach. First, the target protein was 

concentrated using a 30 kDa Hydrosart cassette, which 

retained larger molecules while allowed smaller impurities 

to pass through. This step was crucial for increasing the 

concentration and purity of the O-antigen. Subsequently, 

the concentrated solution allowed to passed through a 0.2 

µm PES filter, which was removed any remaining 

particulates or contaminants. This final filtration step 
ensured the sterility and purity of the O-antigen preparation, 

resulting in a purified monovalent O-antigen suitable for 

further analysis or application in vaccine development. 

 

2.2 Vi-F Conjugation and Modification 

The optimization of the Vi-F conjugation process 

represented a critical step in advancing typhoid vaccine 

development from laboratory-scale to pilot-scale 

production. This process combined the Vi polysaccharide, a 

key protective antigen, with flagellin, which serves as both 

a carrier protein and an immune response target. The 

conjugation enhanced the immunogenicity of the vaccine, 

making it particularly effective for vulnerable populations 

such as young children and immune compromised 

individuals. The focus on scalability, product consistency, 

and quality control ensures that the transition to larger-scale 
production maintains the vaccine's efficacy and safety 

profile. 

The preparation of the antigens for conjugation involved a 

series of precise steps. Both flagellin and Vi polysaccharide, 
initially at concentrations of 1 mg/mL, undergo 

concentrated and diafiltrated processed. Using a 30 kDa 

Vivaspin 15 Turbo centrifugal concentrator, the samples 

were concentrated at 4500 × g for 15 minutes, reducing 

their volume to approximately one-sixth of the original. 

This was followed by 8-10 cycles of diafiltrated using 100 

mM concentration of 2-(N-morpholino)ethanesulfonicacid 

buffer at pH 5.6. This buffer exchange step is crucial for 

preparing the antigens for the subsequent conjugation 

reaction, ensuring optimal conditions for the chemical 

linkage between the Vi polysaccharide and flagellin 

molecules. The resulting concentrated and buffer-
exchanged preparations of flagellin and Vi polysaccharide 

are then ready for the conjugation studies, setting the stage 

for the creation of a more potent and effective typhoid 

vaccine. 

2.3 Derivatization of Flagellin with ADH Using EDAC 

& Purification 

The Vi polysaccharide was chemically activated to enable 

covalent linkage with flagellin. Based on previously 

reported methods, three reagents were considered for 

activation: 1-cyano-4-dimethylaminopyridinium 
tetrafluoroborate (CDAP), adipic acid dihydrazide (ADH), 

and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

hydrochloride (EDAC). For this study, a carbodiimide-

mediated coupling strategy was employed. Purified Vi 

polysaccharide was dissolved in 100 mM MES buffer (pH 

5.6) and activated with EDAC (10 mg/mL) in the existence 

of ADH (20 mg/mL) to introduce reactive hydrazide groups 

onto the polysaccharide backbone. The reaction that started 

was done at room temperature for 2 hours with gentle 

mixing. Excess EDAC and byproducts were removed by 

diafiltration against MES buffer using a 30 kDa cutoff 

ultrafiltration membrane. 

The ADH-derivatized Vi polysaccharide was then 

incubated with purified flagellin in MES buffer at pH 6.0. 

Covalent coupling was facilitated by the carbodiimide 

reaction between carboxyl groups of the derivatized 

polysaccharide and primary amines of flagellin. The 

conjugation reaction proceeded for 12 h at 4 °C with 

constant mixing.Following conjugation, The Vi–flagellin 

conjugate obtained purification through using tangential 

flow filtration with a 30 kDa cutoff, buffer-exchanged into 
phosphate-buffered saline (PBS). Sterilization donewith0.2 

micrometer pore size Polyethersulfone membrane filter.The 

final product was stored at 4 °C until further 

characterization. 

2.4 Vi Polysaccharide and Flagellin Derivatization 

2.4 (a). Vi Polysaccharide Activation 

Vi polysaccharide was activated using carbodiimide 

chemistry, a method commonly employed to facilitate the 
formation of amide bonds between carboxylic acids and 

amines. To obtain a final concentration of 4 mg/mL, 40 mg 

of Vi polysaccharide were precisely measured and 

dissolved in 10ml MES bufferhaving pH 5.6 at 100mM. 

MES buffer was chosen for its effective pH buffering 

capacity in the acidic range, which was crucial for 

maintained optimal reaction conditions. 

To this prepared solution, 80 mg 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide hydrochloride 

(EDAC) was gradually added, maintaining a Vi:EDAC ratio 

of 1:2 (w/w). The gradual addition of EDAC ensures 

uniform distribution and prevents localized high 
concentrations that could lead to unwanted side reactions. 

The mixture was then stirred gently to ensure complete 

dissolution of all components and to promote homogeneous 

reaction conditions throughout the solution. For about 10 

minutes, it was kept undisturbed to continue the reaction, 

during which time the carbodiimide activates the carboxyl 

groups on the Vi polysaccharide, preparing them for 

subsequent conjugation reactions. 

2.4(b). Flagellin Derivatization with ADH 

Flagellin was derivative with adipic acid dihydrazide 

(ADH) in the presence of EDAC. Briefly, purified flagellin 

was concentrated to 5 mg/mL in 0.1M2-(N-

morpholino)ethanesulfonic acid(MES) buffer (pH 5.6). 

ADH was added gradually with gentle stirring until 
completely dissolved. The mixture was then activated by 

sequential addition of 5 mg followed by 10 mg of EDAC. 

The reaction was mixed gently on a gel rocker and allowed 

to remain at 20-25ºC for 2 hours. 

Afterwards, terminated process by adding 500 mM NaOH 

to adjusting pH 7.4. Free ADH and unreacted EDAC were 

removed by diafiltration using a 30 kDaVivaspin 15 Turbo 

centrifugal concentrator (Sartorius). Centrifugation of 

samples was done 15 minutes at 4500 × g, and the process 

was repeated until the volume was reduced to one-sixth of 

the initial volume. The derivatized flagellin was further 
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diafiltered against 30 volumes of 100 mM MES buffer (pH 

5.6) to ensure complete removal of excess reagents. 

2.5 Vi–Flagellin Conjugation 

The conjugation of activated Vi polysaccharide with ADH-

derivatized flagellin (flagellin-ADH) was optimized 

through a systematic evaluation of different Vi:flagellin 

ratios. A range of ratios, including 2:1, 1:1, 1:2, 1:4, and 1:6 

(v/v), were tested to determine the optimal conditions for 

conjugation. Throughout these experiments, the Vi 

polysaccharide concentration was maintained at a constant 

2 mg/mL, with a 2 ml total reaction volume. The flagellin-
ADH component was utilized at a concentration of 5 

mg/mL. 

The conjugation reactions were conducted under carefully 

under controlled conditions. Each set of reaction was 

subsequently incubated at room temperature for a duration 

of 300 minutes, during which gentle mixing was applied to 

ensure uniform distribution and interaction of the 

components. This extended incubation period allowed 

sufficient time for the conjugation process to occur 

effectively. 

Following the incubation phase, a crucial purification step 

was implemented to isolate the desired conjugates. The 

reaction mixtures were subjected to size-exclusion 

chromatography (SEC) with Sephacryl S-1000 resin, 
supplied by Cytiva. This chromatographic technique 

separates molecules based on their size, allowing for the 

efficient isolation of the conjugated products from 

unreacted components and other potential impurities. 

The SEC column was carefully prepared by equilibrating it 

with a buffer solution composed of 20 mM phosphate 

Buffer and 0.1 M sodium chloride adjusted to pH 7.4. This 

same buffer was used for the elution process, ensuring 

consistent conditions throughout the purification. As the 

samples passed through the column, fractions containing 

the conjugates were carefully collected. 

The collected fractions were subsequently pooled to 

consolidate the purified conjugates. These pooled samples 

were then stored at a temperature of 4 °C to maintain their 
stability and integrity. This storage condition was 

maintained until further characterization and analysis could 

be performed on the conjugates, allowing for a 

comprehensive evaluation of their properties and potential 

efficacy as vaccine components. 

 

2.6 Development and Characterization of a Bivalent 

Conjugated Typhoid–Paratyphoid B Vaccine 

A bivalent conjugated vaccine formulation was developed 

combining Vi polysaccharide–flagellin conjugates with the 

O-antigen (O-Ag) of Salmonella Paratyphi B. Each purified 

liquid suspension was formulated to contain 25 micrograms 

of Vi polysaccharide conjugated to flagellin and 
10micrograms of Paratyphi B O-Ag, based on prior dose-

optimization studies. Antigen mixtures were mixing with 

formulation buffer contained 150 mM sodium chloride and 

phosphate buffer (25 mM) at pH 7.4, followed by gentle 

stirring for 3 h at 2–8 °C. The formulation was subsequently 

mixed under a laminar airflow cabinet for 1 h to ensure 

homogeneity. 

The physicochemical properties of the Vi–flagellin 

conjugates were assessed by standard methods including 

size distribution and spectroscopic analysis. Antigenicity 

was confirmed by indirect enzyme-linked immunosorbent 

assay (ELISA). Immunogenicity of the bivalent vaccine 

was further assessed both in vivo (animal models) and in 

vitro. These analyzed provided key data on antibody 

responses, antigen recognition, and functional immune 

activation. 
The overall workflow contained purification, conjugation, 

formulation, physicochemical characterization, 

immunological evaluation, analysis generated 

comprehensive insights into the potency and efficacy of the 

bivalent conjugated typhoid–paratyphoid B vaccine, 

supporting its potential for further vaccine development. 

 

2.7 Conjugate material purification using size 

exclusion chromatography 

A Type-XK 16/100 column having 200 mL bed volume 

employed to purify the Vi-flagellin conjugate using Size 

Exclusion Chromatography (SEC), a potent separation 

method. The column's equilibration and elution processes 

employ a buffer that is made up of 20 mM phosphate 

buffer and 100 mM Sodium chloride at pH 7.4, ensured 

optimal separation conditions. The packing flow rate was 3 

mL/min. and operational flow rate of 1 mL per min. during 

sample loading and elution were carefully under controlled 
condition to maximize separation efficiency and minimize 

sample degradation. 

The purification process was monitored through UV 

absorbance, allowed for precise identification and 

collection of the main elution peak corresponding to the 

conjugated protein. This peak contained the purified Vi-

flagellin conjugate, which was subsequently collected for 

further analysis. SEC is used at this point to obtain a high-

purity sample that can be used for further characterization 

and possible vaccine development research. It does this by 

separating the conjugate from unreacted components and 

other impurities based on molecular size. 

 
2.8 Animal Studies 

2.8.1 Dose Optimization in Mice 

For the dose optimization preliminary study, healthy female 

BALB/c mice aged 6–8 weeks, body weight (16-18 gm) 

were used. The mice were split to groups, with six mice in 

each group (n = 6 mice/group) and immunized 

intramuscularly on days 0 and 7 with 0.5 mL of vaccine 

formulations containing 5 µg, 10 µg, or 25 µg of antigen. 
control group received buffer alone. Blood samples 

collection conducted on day 28 and day 42 via retro orbital 

plexus. To obtain serum, the blood samples were 

centrifuged at 10,000 rpm for 15 min at 4 °C, and kept at 

−20 °C until further testing. Prior to the initiation of this 

dose optimization study, the study protocol was approved 

by Institutional Animal Ethics Committee (IAEC) with 

approval number CPL-23-025. 

 

2.8.2 Immunogenicity of the Bivalent Vaccine 

For evaluation of the bivalent vaccine formulation, BALB/c 

mice were administered intramuscular injections of Vi 

polysaccharide conjugated with flagellin (25 µg/mouse) 
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combined with O-antigen from Salmonella Paratyphi B (10 

µg/mouse). Immunizations were performed on days 0 and 

7. Blood collection was done via the retro-orbital plexus on 

day 28 and day 42. Serum separation from the blood was 

conducted by centrifugation at 10,000 rpm, 15 min at 4 °C 

and kept at −20 °C. Indirect enzyme-linked immunosorbent 

assay (ELISA) was used to assess antigen-specific IgG 

titers in sera against both Vi polysaccharide and O-antigen. 

RESULT 

3.1 Analysis of Purified Vi Polysaccharide and 

Flagellin 

Characterization of the purified Vi polysaccharide 

demonstrated a positive reaction in the double 

immunodiffusion assay to assess the antigen antibody 

interaction shown the precipitin line. (Figure 1). The Vi 

polysaccharide-specific antibody concentration was 30.85 

µg/mL, with a nucleic acid content corresponding to an OD 

value of 260 nm. Total protein content was 1.45 mg/mL, 

and the O-acetyl group concentration was 0.166 µmol/mL. 

The residual formaldehyde level was below 80 µg, when 

assessed using 0.002% (w/v) formaldehyde as a standard, 

confirming compliance with safety limits. 

The purified flagellin protein, obtained through sequential 

purification steps, showed a total protein concentration of 

1.026 mg/mL.SDS-PAGE analysis presented distinct bands 

that confirmed the desired molecular weight of flagellin. 
(Figure 2). For identity test, Western blot was developed 

using a mouse monoclonal antibody specific to flagellin. 

Goat anti-mouse IgG-HRP was used as the secondary 

antibody. Between 50 -55 kDa, target band was identified 

(Figure 3). The characterized flagellin preparation was 

subsequently used for conjugation with the Vi 

polysaccharide. 

 

 
. 

 

Figure 1: Result of Ouchterlony Double Immunodiffusion Test for antigen –antibody interaction specificity, well 

no.1 is In-House anti rabbit Vi polysaccharide antibody, well no 2 is Reference Vi Polysaccharide antigen, well no 3 

is Purified Vi polysaccharide antigen and well no 4 is negative control. 
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Figure 2:Using a 4-12% SDS-PAGE gel and different types of purification procedures, flagellin protein was 

extracted. The Bio-Rad Precision Plus Protein dual color molecular weight marker was used, reducing condition 

for 10 min at 95 ºC .following Lane 1 is protein marker, Lane 2 is resuspended Pellet, Lane 3 is Supernatant, 

Lane 4 is Homogenized sample -lysate,Lane 5 is 30kDa Permeate,lane 6 is 30kDa Retentate,Lane 7 is purified 

flagellin sample- l and Lane 8 is purified flagellin sample -2 
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Figure 3: Confirmation of flagellum by Western blot,Lane 1 is marker and Lane 2 and 3 are flagellum. 

 

3.2 Analysis of Purified O-Antigen from Salmonella Paratyphi B 

The purified O-antigen (O-Ag) from Salmonella Paratyphi B underwent comprehensive biochemical and immunological 

characterization to assess its suitability for vaccine development. Table 1 provides a detailed summary of the analytical 

results, including crucial parameters such as protein and nucleic acid content, O-acetyl group concentration, and purity 

assessment through SDS-PAGE. The purification process involved Vi-Flagellin conjugate separation using S-1000 SEC 

chromatography, as illustrated in Figure 4. This chromatographic procedure employed a carefully optimized Equilibration 

and Elution Buffer made up of 20 mM PB and 100 mM NaCl at pH 7.4. The separation was carried out using a Type-XK 

16/100 column with an approximate volume of 200 mL, with packing and operational flow rates of 3 ml per minute and 1 

ml per minute, respectively. 

The purified O-Ag preparation demonstrated exceptional purity, with minimal protein and nucleic acid contamination, 

meeting the stringent requirements for vaccine-grade antigens. SDS-PAGE analysis further confirmed the absence of 

significant contaminating proteins, validating the effectiveness of the purification process. Additionally, indirect ELISA 
results revealed specific immunogenic reactivity of the purified O-Ag against anti-O-antigen antibodies, thereby 

confirming its antigenic identity and potential immunogenicity. These comprehensive analytical results collectively support 

the successful isolation and characterization of a high-quality O-antigen from Salmonella Paratyphi B laying a solid 

foundation for its efficient application in vaccine development against this pathogen. 
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Table 1. Characterization of purified O-antigen from Salmonella Paratyphi B 
 

Tests Results of Purified O- Ag Sample 

Protein Content 0.68 mg/ml 

Nucleic acid content 38.04 µg/mL 

O acetyl content 0.115 µmol/mL 

Purity by SDS-PAGE Target protein was present 

Indirect ELISA Antibody titre was four fold higher than control group 

 

 

 

Figure 4:The Vi-Flagellin conjugate purified using S-1000 SEC chromatography. 

3.3 Characterization of Vi-F conjugate 

Protein and O-acetyl quantification: Confirms that the carrier protein (Vi) and O-acetylated polysaccharide are present in 

the conjugate.The ratio of protein to O-acetyl can give insights into the conjugation efficiency(Table 2).A single, 
symmetrical peak in SEC-HPLC chromatogram indicates a homogeneous conjugate of Vi-Flagellin (figure 5). 
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Figure 5:The figure shows that SEC –HPLC profile of purified typhoid Conjugate vaccine, indicating the 

molecular size distribution of conjugate product. The analysis was performed using TSK GEL 3000PWXL SEC 

HPLC column, column equilibrated mobile phase (0.1M PB, 100mM NaCl 5% CH3CN pH7.2) was used to inject 

80 µl of the sample with flow rate0.5 ml/min. UV 280 nm detection was used for generating the chromatogram. 

Table 2.Evaluation of different physicochemical parameters of Bivalent Vi conjugated with flagelin from 

Salmonella Typhi& O-Ag from Salmonella Paratyphi B Vaccine. 

 

 Physicochemical Parameters Acceptance criteria Target attributes 

1 Appearance Clear solution free from visible 

Particles by visual inspection 

Complies 

2 pH 6.5 to 7.5 7.29 

3 Total protein content Not less than 35ug/dose 40.97 µg/dose 

4 O acetyl content 0.064-0.106 µmoles/dose 0.083µmole /dose 

5 Osmolality 270-330 mOsmol/Kg 295 mOsmol/Kg 

 

3.4 Dose strength optimization of Bivalent Conjugated Vi-F and O antigen by Indirect ELISA 

To evaluate the Immunogenicity of dose - dependent antibody response for Vi-Polysaccharide Conjugated with flagellin 

from Salmonella Typhiand O – Antigen from Salmonella Paratyphi B by indirect ELISA. Mice were immunized with 

varying dose 5µg, 10ug and 25ug of each purified antigen. Serum sample were collected on day 28 and day 42 post 

immunization, NIBSC reference std. (100IU) for Vi polysaccharide and In-house generated mouse antibody against O – 

Antigen were used as assay control 

For Vi-Polysaccharide conjugated with flagellin, a dosing concentration - dependent raise in antibody response was found. 

Mice immunized with 25µg dose increase the antibody titers (GMT 34.8 ±6.0)on day 28, while analyzed on Day 42 

antibody titer was decline (GMT 25.6 ± 6.3). Among all three dose strengths, the 25µg dose was giving significantly higher 

immune response on day 28 and day 42 in comparison with 5µg and 10ug dose strength. 

In case of O – Antigen from Salmonella Paratyphi B, the similar immune response observed on 10ug and 25ug dose on 
day 28 with antibody titers (GMT 21.2 ± 4.2), which was higher than the immune response generated by 5ug dose. Figure 

6 Based on this result,to evaluate the immunogenicity of monovalent and bivalent antigen formulation and the antibody 

response were measured by ELISA at day 28.The antigen specific antibody titre were considerably higher in the bivalent 

formulation group than the monovalent group. 
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As shown in figure 7, mice immunized with bivalent formulation 25 ug of Vi polysaccharide conjugated with flagellin 

from Salmonella Typhi exhibited antibody response was GMT 82.6 ±5.8, which was significantly higher than those 

immunized with monovalent antigen GMT 34.8 ±6.0 and for 10 ug of O-Ag from Salmonella Paratyphi B exhibited 

antibody response was GMT value52.7 ±3.8, which was significantly higher than those immunized with monovalent 

antigen. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 6 :Comparison of antibody responses in mice Vi polysaccharide conjugate with flagellin and O-antigen 

using Indirect ELISA at different dose and serum sample collected on Day 28 and Day 42 post immunization. The 

result showed that on Day 28, immunized group given significantly higher response compare to Day 42. Bar 

graph representing the OD 450 value of sera collected post immunization. Error bar indicate standard deviation. 

Statistical analysis was performed using t-tests under the 5 % significant level to assess equivalence or difference 

in antibody levels. The PBS control group showed no significant change in antibody levels between Day 28 and 

Day 42, indicating no immunogenic response Both immunogen groups demonstrated a significant decrease in 

antibody levels from Day 28 to Day 42 for all tested doses (5 µg, 10 µg, and 25 µg), suggesting a statistically 

significant reduction over time (P value <0.0001). 
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Figure 7:Comparison of antibody responses in mice to monovalent versus bivalent vaccine formulations 

. 
 

 

Mice were immunized with Vi polysaccharide conjugated 

with Flagellin from Salmonella Typhi (25ug) + O – 

Antigen (10ug) from Salmonella Paratyphi B serum 

sample were collected on day 28post immunization, Bar 

graph representing the OD 450 nm value of sera collected 

post immunization. Error bar indicate standard deviation. 

Statistical analysis were comparing the monovalent and 

bivalent vaccines analyzed for each antigen using t-tests at 

a 5% significance level. The study demonstrates that the 

O-antigen from Salmonella Paratyphi B is highly 

immunogenic and a stronger candidate for developing 

vaccine. In the mouse model, both the Vi-Polysaccharide 
Conjugated with flagellin (25 µg) and the O-antigen (10 µg) 

elicited significantly higher antibody responses when 

formulated as a bivalent vaccine compared to the 

monovalent formulation (p < 0.0001 for both). 

The PBS control group showed no significant response (p = 

0.069). These findings indicate that combining Vi 

polysaccharide and O-antigen enhances immunogenicity 

against Salmonella Typhi as well as Salmonella Paratyphi 

B demonstrating the future prospects of the bivalent 

vaccine as a potentially strategy to enhance protection 

against enteric fever 

 

DISCUSSION 

A novel method is developed, Vi conjugation to flagellin as 

a carrier protein has been optimized, flagellin works as a 

potential adjuvant, and a bivalent formulation of typhoid 

and paratyphoid purified antigen is invented at pilot scale. 

Bacterial surface polysaccharides, that act as important 

virulence factors and protective antigens, have been 
successfully used in vaccines. Gram-positive 

(Pneumococcus and Streptococcus) and gram-negative 

(Shigellae and non-typhoidal Salmonellae) bacteria's 

capsular polysaccharides are among the examples. even 

though other chemical conjugation is commonly utilized to 

increase the immunogenicity of some protein antigens and 

to make peptides and polysaccharides immunogenic [2,8], 

co-administration of conjugate vaccines that contain the 

same carrier protein may have either beneficial or negative 

impacts on vaccine immunogenicity. In this study, 

addressed this need by successfully developing and 

evaluating a novel bivalent vaccine candidate targeting both 

Salmonella Typhi and Salmonella Paratyphi B. 

The choice of flagellin as a carrier protein is particularly 

noteworthy, as it functions not only as a structural 

component for conjugation but also as a potent immune-

stimulating adjuvant through its recognition by Toll-like 
receptor 5 [3]. This dual role likely contributes to the robust 

antibody responses observed, potentially inducing both 

innate and adaptive immune responses and leading to 

improved vaccine efficacy. The ability of this bivalent 

formulation to induce strong immunogenic responses 

against both Salmonella Typhi and Salmonella Paratyphi 

B in a single vaccine represents a significant advancement, 

offering a more comprehensive solution to combat these 

persistent enteric fevers. The researchers' focus on 

optimizing conjugation methods and formulation 

development underscores the complexity of creating 
effective vaccines. These technical aspects are crucial for 

ensuring consistent production of high-quality vaccines at 

scale, which is essential for widespread implementation and 

global health impact 

An important milestone of this study was the thorough 

development and optimization of every part of the bivalent 

vaccine. We successfully produced and purified essential 

antigenic parts, including the Vi polysaccharide and 

flagellin   from Salmonella Typhi, O-antigen from 

Salmonella Paratyphi B. Critical steps such as Vi 

polysaccharide extraction, flagellin purification and O-

antigen extraction and purification were optimized to yield 
high-purity components suitable for vaccine development 
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[9,11]. The comprehensive characterization of these 

purified antigens, including biochemical and 

immunological analyses, confirmed their identity and 

purity. The subsequent derivatization and conjugation 

processes were precisely optimized to ensure efficient 

coupling and stability [9]. This rigorous approach ensured 

the isolation of highly purified Vi-flagellin conjugates, as 

evidenced by a single, symmetrical peak in SEC-HPLC 

chromatograms and confirmed physicochemical properties 
such as pH, total protein content, and O-acetyl content and 

Immunogenicity studies. 

Preclinical immunogenicity studies in BALB/c mice 

provided conclusive evidence for the potential efficacy of 

this bivalent vaccine. Dose optimization studies revealed a 

concentration-dependent antibody response, with the 25 µg 

dose of Vi-flagellin conjugate eliciting significantly higher 

antibody titers compared to lower doses on day 28. 

Similarly, the O-antigen from Salmonella Paratyphi 

B demonstrated robust immune responses at 10 µg and 25 

µg doses. Importantly, when formulated as a bivalent 

vaccine (25 µg Vi-flagellin conjugate + 10 µg O-antigen), 

the construct generated significantly higher antigen-specific 
IgG titers against both Vi polysaccharide and O-antigen 

compared to their monovalent counterparts [Figure 7]. This 

enhanced immunogenicity observed with the bivalent 

formulation highlights a synergistic effect, suggesting that 

combining these antigens effectively stimulates a broader 

and stronger immune response against both pathogens. 

In conclusion this preclinical study successfully 

demonstrates the feasibility and immunogenic potential of 

a novel bivalent conjugated vaccine against typhoid and 

paratyphoid B fevers. The innovative application of 

flagellin as a carrier protein, combined with the 

incorporation of multiple antigens, offers a promising 
approach to addressing the global burden of enteric fever. 

The results of this study suggest that future conjugate 

vaccine research and development may make use of 

bivalent typhoid and paratyphoid, it is found safe and 

immunogenic. Future researcher will focus on assessing 

long-term protection, and advancing towards human 

clinical trials to realize the full potential of this innovative 

vaccine in addressing the critical global health burden of 

enteric fevers. 
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