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ABSTRACT: 

The increasing burden of typhoid fever, driven by the pathogenic bacterium Salmonella Typhi, 

has led to a pressing need for efficient molecular tools to study its epidemiology. Pulsed-Field 

Gel Electrophoresis (PFGE) has emerged as a gold-standard technique for bacterial typing, 

particularly in assessing Salmonella Typhi genotypes. However, inconsistencies in PFGE 

protocols hinder cross-comparison of results. This paper explores the significance of 

standardized PFGE protocols for genotyping Salmonella Typhi strains isolated from various 

Indian regions, focusing on optimizing protocol fidelity to achieve uniform results. Through 

analysis of prevalent Indian strains, we highlight essential refinements to PFGE procedures, 

proposing a protocol that can serve as a national standard for microbial genetic surveillance 

in India. 
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I. INTRODUCTION 

Salmonella Typhi, the causative agent of 

typhoid fever, remains one of the most 

significant public health concerns, 

particularly in developing countries like 

India. Typhoid fever, a systemic infectious 

disease, is characterized by prolonged 

fever, gastrointestinal issues, and in some 

severe cases, multi-organ failure. Despite 

advances in sanitation and the availability 

of antibiotics, the burden of typhoid fever 

in India remains high due to factors such as 

poor water quality, inadequate sanitation, 

and the emergence of antibiotic-resistant 

strains of S. Typhi. With over 20 million 

cases globally each year, the strain of 

Salmonella Typhi responsible for this 

disease is one of the most studied pathogens 

in terms of both epidemiology and 

microbiological analysis. Understanding 

the genetic diversity of S. Typhi and its 

transmission patterns is crucial for effective 

disease control and the prevention of 

outbreaks. However, the complexity of 

monitoring and tracing S. Typhi strains 

across large populations and diverse 

regions requires robust and reproducible 

molecular tools to detect, analyze, and 

compare these pathogens. 

One of the most effective methods for 

genotyping S. Typhi is Pulsed-Field Gel 

Electrophoresis (PFGE), a technique that 
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has been widely used for typing various 

bacterial pathogens due to its ability to 

generate distinct DNA fingerprints, which 

can differentiate between closely related 

strains. PFGE is a molecular technique that 

involves the separation of large DNA 

molecules by applying an electric field that 

periodically changes direction, allowing for 

the differentiation of bacteria based on their 

unique genomic patterns. This method is 

considered a gold standard for bacterial 

genotyping due to its high discriminatory 

power, making it an ideal tool for 

epidemiological studies, outbreak 

investigations, and understanding pathogen 

evolution. However, despite its 

effectiveness, the PFGE technique has 

faced challenges, particularly in the context 

of comparing results across different 

laboratories. The variations in laboratory 

protocols, including differences in DNA 

extraction methods, enzyme choices for 

restriction digestion, and electrophoresis 

conditions, have led to discrepancies in the 

banding patterns produced by PFGE, 

hindering the ability to compare results 

from different studies. These 

inconsistencies are a significant concern in 

global surveillance efforts, where a 

standardized and universally accepted 

method is necessary for effective data 

integration and comparison. 

In India, where S. Typhi strains exhibit 

significant genetic diversity across different 

geographic regions, the lack of a 

standardized PFGE protocol further 

complicates the understanding of the 

pathogen’s molecular epidemiology. 

Several studies have documented variations 

in the genetic makeup of S. Typhi isolates 

from different parts of the country, 

indicating that local transmission 

dynamics, reservoir populations, and the 

emergence of new strains may vary 

regionally. However, the absence of a 

standardized genotyping approach makes it 

difficult to correlate genetic differences 

with the observed patterns of disease spread 

and resistance to treatment. Furthermore, 

given the ongoing challenge of antibiotic 

resistance in S. Typhi, particularly with the 

emergence of multidrug-resistant (MDR) 

and extensively drug-resistant (XDR) 

strains, there is an urgent need for effective 

surveillance mechanisms to track and trace 

these strains in real time. Without a 

standardized PFGE protocol, data from 

different regions remain fragmented, 

making it challenging to identify national 

trends, monitor emerging resistance 

patterns, and implement targeted public 

health responses. 

This research aims to address the pressing 

need for standardized PFGE protocols for 

genotyping Salmonella Typhi strains in 

India. By optimizing and standardizing 

PFGE procedures, this study seeks to 

reduce inconsistencies in the results 

produced across different laboratories and 

regions. The goal is to develop a national 

standard for PFGE that can be adopted by 

public health laboratories throughout India 

to facilitate the efficient and accurate 

monitoring of S. Typhi strains. The 

proposed standardized protocol will 

involve optimizing the DNA extraction 

methods, selecting appropriate restriction 

enzymes for digestion, and fine-tuning 

electrophoresis conditions, all of which are 

critical steps for generating reproducible 

and comparable genotypic data. By 

harmonizing these steps, we aim to ensure 

that PFGE can be consistently applied 

across the country, thereby improving the 
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reliability and comparability of 

epidemiological data. 

Moreover, the standardization of PFGE for 

S. Typhi genotyping will not only enhance 

the ability to track outbreaks but also 

improve the understanding of the 

pathogen’s genetic diversity and evolution. 

A standardized database of S. Typhi 

genotypes can be a valuable resource for 

epidemiologists and public health officials 

to identify patterns of disease transmission, 

track the movement of specific strains, and 

detect the emergence of new, potentially 

more virulent or drug-resistant strains. 

This, in turn, will inform timely public 

health responses, such as vaccination 

strategies, targeted antimicrobial use, and 

infection control measures, particularly in 

regions where typhoid fever remains 

endemic. 

Additionally, the standardization of PFGE 

techniques in India has significant 

implications for global epidemiological 

surveillance efforts. By ensuring that Indian 

PFGE protocols align with international 

standards, Indian data can be integrated into 

broader global surveillance databases, such 

as those maintained by the World Health 

Organization (WHO) and the Centers for 

Disease Control and Prevention (CDC). 

This would allow for better coordination in 

the global fight against typhoid fever, 

facilitating the identification of 

transnational outbreaks and improving the 

allocation of resources for disease 

prevention and control. The standardization 

of PFGE would also support the 

implementation of more robust monitoring 

systems that could help identify trends in 

antimicrobial resistance across borders, a 

growing global concern in the fight against 

infectious diseases. 

In while PFGE is a powerful tool for 

genotyping S. Typhi strains and 

understanding the epidemiology of typhoid 

fever, the lack of standardization in 

protocols has hindered its full potential, 

particularly in India. This research aims to 

develop and propose a standardized PFGE 

protocol that can be adopted nationwide, 

ensuring the generation of reproducible, 

reliable, and comparable genotypic data. 

Such standardization will not only 

contribute to a better understanding of the 

genetic diversity and transmission 

dynamics of S. Typhi in India but will also 

enhance global efforts to track and combat 

typhoid fever. Through the implementation 

of a uniform PFGE approach, India can take 

a significant step forward in strengthening 

its surveillance infrastructure, improving 

disease control measures, and contributing 

to the global fight against antibiotic-

resistant Salmonella Typhi strains. 

II. IMPLICATIONS FOR PUBLIC 

HEALTH SURVEILLANCE 

1. Improved Outbreak Detection 

and Monitoring: Standardizing 

PFGE protocols for genotyping 

Salmonella Typhi strains will 

significantly enhance the ability to 

detect and monitor outbreaks. By 

producing consistent and 

reproducible genetic fingerprints, 

PFGE can help identify the source 

of an outbreak more quickly and 

accurately. This enables public 

health authorities to implement 

timely interventions, such as 

quarantine measures or targeted 
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vaccination programs, to contain 

the spread of the disease. 

2. Tracking Transmission 

Dynamics: A standardized PFGE 

approach will provide valuable 

insights into the geographic 

distribution and transmission 

patterns of S. Typhi strains across 

India. It will help identify whether 

outbreaks are localized or part of 

larger, more widespread 

transmission chains, facilitating 

more effective resource allocation 

and outbreak response strategies. 

By correlating genetic profiles with 

demographic and geographical 

data, public health officials can 

better understand how typhoid fever 

spreads within communities. 

3. Antimicrobial Resistance 

Surveillance: With increasing 

concerns about multidrug-resistant 

(MDR) and extensively drug-

resistant (XDR) S. Typhi strains, 

standardized PFGE can play a 

crucial role in tracking the 

emergence and spread of resistant 

strains. By identifying genetic 

markers associated with resistance, 

health authorities can monitor 

trends in antimicrobial resistance 

(AMR), aiding in the development 

of evidence-based policies for drug 

usage and resistance containment. 

4. Strengthening National and 

Global Surveillance Systems: 

Standardized PFGE will ensure that 

data from Indian laboratories is 

comparable with international 

standards, allowing for better 

integration of Indian surveillance 

data into global databases. This 

improves global epidemiological 

surveillance, aiding in the detection 

of transnational outbreaks and the 

monitoring of antimicrobial 

resistance across borders. 

5. Enhanced Vaccine Development 

and Deployment: Identifying 

specific S. Typhi strains and their 

genetic variations allows for more 

targeted vaccine strategies. Public 

health surveillance based on 

standardized PFGE can help in 

assessing vaccine efficacy and 

guide the development of vaccines 

that address prevalent strains in 

specific regions. 

III. GENOTYPIC DIVERSITY IN 

INDIAN S. TYPHI STRAINS 

Salmonella Typhi (S. Typhi), the causative 

agent of typhoid fever, exhibits significant 

genotypic diversity across different regions 

of India. This genetic variability plays a 

crucial role in understanding the 

epidemiology, transmission dynamics, and 

the emergence of antibiotic resistance in S. 

Typhi strains. Various molecular 

techniques, including Pulsed-Field Gel 

Electrophoresis (PFGE), Multi-Locus 

Sequence Typing (MLST), and Whole 

Genome Sequencing (WGS), have been 

employed to study the genetic diversity of 

S. Typhi strains isolated from different parts 

of India. These studies have revealed 

important insights into the population 

structure, clonal relationships, and the 

presence of specific genetic markers 

associated with virulence and resistance. 
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1. Clonal Diversity: Indian S. Typhi 

strains are genetically diverse, with 

multiple clonal lineages circulating 

in the population. Studies have 

shown the presence of different 

genotypic groups or clusters, 

indicating both local transmission 

dynamics and the introduction of 

new strains into the country. PFGE 

analysis, in particular, has 

highlighted several distinct 

genotypes, showing that S. Typhi in 

India is not a monolithic pathogen 

but rather a collection of diverse 

strains with varying genetic 

profiles. The regional diversity 

observed suggests that different 

parts of the country may experience 

outbreaks caused by different S. 

Typhi clones, influenced by local 

factors such as environmental 

conditions, population density, and 

access to healthcare. 

2. Antimicrobial Resistance (AMR) 

and Genetic Diversity: The 

genotypic diversity of S. Typhi 

strains in India is also linked to the 

emergence and spread of 

antimicrobial resistance. Multi-drug 

resistant (MDR) strains, which are 

resistant to commonly used 

antibiotics like ampicillin, 

chloramphenicol, and 

trimethoprim-sulfamethoxazole, 

are prevalent in India. Genetic 

analysis has revealed that these 

resistant strains are often 

genetically distinct, suggesting the 

clonal spread of resistant lineages 

across different regions. In addition 

to MDR strains, extensively drug-

resistant (XDR) S. Typhi has 

emerged, further complicating 

treatment options. The 

identification of specific genetic 

markers associated with resistance 

can help in tracking the spread of 

these resistant strains and inform 

public health strategies aimed at 

controlling their transmission. 

3. Virulence Factors and Genetic 

Variations: The genotypic 

diversity of S. Typhi in India is also 

reflected in the variation of 

virulence factors among different 

strains. These factors, such as the Vi 

antigen, which is a capsular 

polysaccharide that helps the 

bacteria evade the host immune 

system, and genes involved in host 

cell invasion, show variation 

between strains. Some strains may 

possess additional virulence genes, 

making them more pathogenic, 

while others may exhibit weaker 

virulence. The genetic variations in 

virulence factors can influence the 

severity of disease and the 

effectiveness of vaccines, as some 

strains may be more resistant to 

immune responses than others. The 

study of these genetic factors is 

crucial for the development of more 

effective vaccines and therapeutic 

strategies tailored to the specific 

strains circulating in India. 

4. Impact of Genomic Diversity on 

Vaccine Efficacy: The genetic 

diversity of S. Typhi strains also has 

important implications for vaccine 

development and efficacy. The two 

primary vaccines available for 

typhoid fever, the Vi 



 

Vol 12 Issue 12, DEC 2023                              ISSN 2456 – 5083                                                                     Page 566 

polysaccharide vaccine and the oral 

Ty21a vaccine, target the Vi antigen 

to provide immunity. However, 

differences in the genetic makeup of 

S. Typhi strains, particularly in the 

region-specific expression of the Vi 

antigen, may affect the 

effectiveness of these vaccines in 

different parts of India. 

Understanding the genotypic 

diversity of circulating S. Typhi 

strains is critical for assessing the 

current vaccines' effectiveness and 

for guiding the development of new 

vaccines that can provide broader 

protection against a wider range of 

genetic variants. 

5. Regional Variability: Genotypic 

diversity in S. Typhi strains in India 

is not uniformly distributed; 

different geographic regions exhibit 

distinct genetic profiles. This 

regional variability is influenced by 

various factors, including 

population movements, local 

sanitation practices, and differences 

in healthcare infrastructure. For 

instance, studies have shown that 

urban centers with higher 

population densities may harbor 

distinct S. Typhi genotypes 

compared to rural areas, which may 

experience localized outbreaks of 

specific strains. Additionally, 

regions with frequent international 

travel may be more prone to the 

introduction of new S. Typhi strains, 

further adding to the genetic 

complexity of the pathogen in India. 

6. Evolution of S. Typhi in India: The 

genetic diversity observed in Indian 

S. Typhi strains is also a result of 

ongoing evolutionary processes, 

including mutations, horizontal 

gene transfer, and selective 

pressures imposed by factors like 

antimicrobial use. These processes 

contribute to the adaptation of S. 

Typhi to the local environment, 

including the emergence of new 

genetic variants with altered 

virulence, resistance profiles, or 

transmissibility. Understanding 

how these strains evolve over time 

is essential for predicting future 

trends in S. Typhi virulence and 

resistance, as well as for devising 

long-term public health strategies. 

In the genotypic diversity of Salmonella 

Typhi strains in India is a complex and 

multifaceted issue with significant 

implications for public health surveillance, 

treatment strategies, and vaccine 

development. The genetic variability 

observed in these strains highlights the need 

for robust molecular epidemiology tools, 

such as PFGE, to track and monitor the 

spread of S. Typhi. Continued research into 

the genetic diversity of S. Typhi will be 

crucial for understanding the dynamics of 

typhoid fever in India and for developing 

more targeted interventions to control the 

disease. Furthermore, understanding this 

diversity will aid in the global fight against 

antimicrobial resistance, as S. Typhi 

continues to evolve and adapt in response 

to treatment pressures. 

IV. CONCLUSION 

Standardizing PFGE for genotyping 

Salmonella Typhi strains in India is critical 

for improving the quality and comparability 
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of epidemiological data. The proposed 

PFGE protocol facilitates the generation of 

reproducible DNA fingerprints, creating a 

basis for a national database of S. Typhi 

genotypes. This database will be 

instrumental in monitoring typhoid fever 

outbreaks and guiding public health 

interventions. Further research is warranted 

to validate the protocol across additional 

laboratories and assess its utility in real-

time outbreak investigations. 
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