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Abstract: Salmonellosis continues to be a major public health problem worldwide. The disease is 

endemic in India and carries a significant morbidity and mortality in both pediatric and adult 

populations. It also contributes to negative economic impacts due to the cost of surveillance 

investigation, treatment and prevention of illness. As such, research on Salmonella has gained 

great interest and concern from scientists. Management of Typhoid fever is effective in 

eradication of long-term carriage, with cure rates of greater than 80% after 6 weeks of therapy. 
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Introduction 
 
The disease remains a serious public health problem in developing countries. The disease is 

endemic in India and carries a significant morbidity and mortality in both pediatric and adult 

populations. The World Health Organization (WHO) estimates 16 to 17 million cases occur 

annually, resulting in about 600,000 deaths due to Salmonella infection. The mortality rates differ 

from region to region, but can be as high as 5 to 7% despite the use of appropriate antibiotic 

treatment. Typhoid incidence in endemic areas is typically low in the first few years of life, 

peaking in school-aged children and young adults. There are 16 million annual cases of typhoid 

fever, 1.3 billion cases of gastroenteritis and 3 million deaths worldwide due to Salmonella [1]. 

Infection typically occurs due to ingestion of food or water contaminated with human waste. In 

recent years, antibiotic-resistant strains have been isolated in most endemic areas, particularly 

Southeast Asia, India, Pakistan and Middle East [2]. Roughly 10% of patients may relapse, die or 
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encounter serious complications such as typhoid encephalopathy, gastrointestinal bleeding and 

intestinal perforation. Relapse is the most common occurrence probably due to persisting 

organisms within reticulo-endothelial system (RES). Typhoid encephalopathy, often accompanied 

by shock, is associated with high mortality. Slight gastrointestinal bleeding can be resolved 

without blood transfusion but in 1 to 2% of cases can be fatal if a large vessel is involved. 

Intestinal perforation maybe present with abdominal pain, rising pulse and falling blood pressure 

in sick people. Hence, it is very serious in 1 to 3% of hospitalized patients [3-5]. 

 

Incidence rate of Salmonella 
 
It is a disease mainly of the developing countries. Developed countries have brought down the 

incidence of typhoid fever to very low levels. For example, in UK, the incidence of this disease is 

reported to be just one case per 1,00,000 population. However, the disease is still rampant in Asia, 

Africa, and Latin America. In 1994, for example, 26,55,000 cases (incidence: 500 cases/ million) 

were reported from Africa with 1,30,000 deaths whereas Asia reported 13,310,000 cases with 

4,40,000 deaths and Latin America with an incidence of 150 cases/million population reported 

5,95,000 cases and 10,000 deaths. Thus, the mean incidence of typhoid fever in developing 

countries is estimated between 150 cases/million population/year in Latin America to 1000 

cases/million population/year in some Asian countries. 
 
It is a major public health problem in India. The disease is endemic in almost all parts of the 

country with periodic outbreaks of water borne or food borne diseases. In India in 1992, about 

3,52,980 cases with 735 deaths were reported. The number was 3,57,452 cases and 888 deaths in 

1993 whereas in 1994, about 2,78,451 cases and 304 deaths due to typhoid fever were reported. 

Case fatality rate due to typhoid has been varying between 1.1% to 2.5 % in last few years. 

However, it is the Indian subcontinent which has the highest incidence of the disease worldwide. 

It is important to point out that incidence in a study may not necessarily be generalized to the 

entire country. It also found that the incidence of typhoid fever in India varied seasonally [6].The 

maximum incidence occurred during the monsoon (July-October) of 18.8 cases/1,000 person 

years while lower rates of 5.4 and 4.7 per 1,000 person years occurred during the summer and 

winter seasons respectively. A study published in 2004 estimated that 22 million cases occur each 

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

incidence was estimated to be 10–100 per 100000 population. A systematic review of population-

based studies from 1984 through 2005 reported an annual incidence of 13–976 per 100 000 

population each year based on diagnosis by blood culture. The 2008 WHO position paper on 

typhoid fever estimated that 216 000–600 000 deaths occurred annually. Most of the mortality 

occurs in developing countries, and 80% of deaths occur in Asia. 
 
As is evident from the data presented, typhoid fever is seen predominantly in developing 

countries, and the Indian subcontinent is a hotspot of disease activity. Although typhoid is no 

longer endemic in most of the developed world, imported cases continue to occur in returning 

travellers, immigrants or migrant workers. Seventy-four percent of all typhoid cases occurring in 

the US are travel-associated, 43% of which originated in India and Pakistan. In the UK, 60% of 
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all cases were travel related, with up to 70% of these being imported from India or Pakistan. 

Globalisation and increasing air travel are responsible for imported cases of tropical infectious 

diseases occurring in industrialised nations. Vaccination should be considered for persons 

planning even short-term travel to high-risk areas such as the Indian subcontinent. The high 

prevalence of multidrug resistance among S. typhi strains in South Asia further compounds the 

risk to travellers in this region. 

 

Epidemiological features  
A number of several features are responsible for epidemiological incidence of the disease. 
 
1. Age group: Typhoid fever may occur at any age but it is considered to be a disease mainly of 

children and young adults. In endemic areas, the highest attack rate occurs in children aged 8-13 

years. In a recent study from slums of Delhi, it was found that contrary to popular belief, the 

disease affects even children aged 1-5 years. Older people appear to be relatively immune, 

presumably because of frequently reinforced acquired immunity through numerous sub-clinical 

exposures to typhoid bacilli.  
 
2. Gender and race: Racial susceptibility and gender differences in incidence of typhoid fever are 

not supported by any data. However, because of greater mobility, perhaps, typhoid fever cases are 

more commonly seen in males than in females. On the contrary, females have a special 

predilection to become chronic carriers.  
 
3. Occupation: Certain categories of persons handling the infective material and live cultures of S. 

typhi are at increased risk of acquiring infection. Cooks, who are carriers, obviously pose a great 

threat of causing outbreaks. However, cooks are not at any increased risk to become carriers.  
 
4. Socio-economic factors: It is a disease of poverty as it is often associated with inadequate 

sanitation facilities and unsafe water supplies.  
 
5. Nutritional status: There is no concrete evidence to indicate that malnutrition increases or 

decreases susceptibility to typhoid fever but malnutrition may enhance the susceptibility to 

typhoid fever by altering the intestinal flora or other host defences.  
 
6. Incubation period: Usually 10-14 days but it may be as short as 3 days or as long as 21 days 

depending upon the dose of the inoculum.  
 
7. Mode of transmission: The disease is transmitted by faeco - oral route or urine - oral routes – 

either directly through hands soiled with faeces or urine of cases or carriers or indirectly by 

ingestion of contaminated water, milk, food, or through flies. Contaminated ice, ice-creams, and 

milk products are a rich source of infection.  
 
8. Environmental factors: Though the cases are observed throughout the year, the peak incidence  
 
of typhoid fever is reported during July -September. This period coincides with the rainy season 

and a substantial increase in fly population. Typhoid bacilli are commonly found in water, ice, 

food, milk, and soil. These organisms don’t multiply in water. Many of them perish within 48 
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hours but some may survive for about 7 days. Survival can be up to a month in ice and ice-creams 

and upto 70 days in the soil irrigated with sewage. Typhoid bacilli grow in milk without altering 

its taste or appearance. Vegetables grown in sewage farms or washed in contaminated water are a 

health hazard. These factors are compounded by social factors such as pollution of drinking water 

supplies, open air defecation, and urination, low standards of food and personal hygiene, and 

health ignorance. 
 
9. Reservoir of infection: Man is the only known reservoir of infection - cases or carriers. A case is 

infectious as long as the bacilli appear in stool or urine. Carriers may be temporary or chronic. 

Temporary (convalescent or incubatory) carriers usually excrete bacilli up to 6-8 weeks. By the end of 

one year, 3-4 per cent of cases continue to excrete typhoid bacilli. Persons who excrete the bacilli for 

more than a year after a clinical attack are called chronic carriers. A chronic carrier state can be 

expected to develop in about 3 percent of cases. Faecal carriers are more frequent than urinary carriers. 

A chronic carrier may excrete bacilli for several years either continuously or intermittently. It is a 

disease which is amenable to control through modern public health measures. 

 

Transmission vehicles 
 
Salmonella are widely distributed in nature and they survive well in a variety of foods. Poultry, 

eggs and dairy products are the most common vehicles of salmonellosis. In recent years, fresh 

produce like fruits and vegetables have gained concern as vehicles of transmission where 

contamination can occur at multiple steps along the food chain [7]. First, environment 

contaminated with Salmonella serves as the infection source because Salmonella can survive in 

the environment for a long time. After that, Salmonella is transmitted to vectors such as rats, flies 

and birds where Salmonella can shed in their faeces for weeks and even months. Following the 

direct transmission, moving animals such as swines, cows and chickens act as the important risk 

factor for infection. These animal reservoirs are infected orally because Salmonella normally 

originates from the contaminated environment and also contaminated feed. Human get infected 

when eating the food or drinking the water that is contaminated with Salmonella through animal 

reservoirs. However, Salmonella typhi and Salmonella paratyphi A do not have animal reservoir, 

therefore infection can be happened by eating the improperly handled food by infected individuals 

[8]. 
 
Besides, transmission of Salmonella to the food processing plants and equipments for food 

preparation are also of great importance. Once carried by vectors or transferred to food, 

consumption by human can result in the risk of salmonellosis. The Salmonella cells can attach to 

food contact surfaces such as plastic cutting board which may develop into biofilm once attached 

and hence cause cross-contamination. Consequently, Salmonella can enter the food chain at any 

point from livestock feed, through food manufacturing, processing and retailing as well as 

catering and food preparation in the home [9]. Spread of Salmonella may be facilitated in water 

storage tanks in a building, from wild animal feces or even from carcasses. Poor sanitation, 

improper sewage disposal and lack of clean water system cause the transmission of typhoid fever. 
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In areas where typhoid fever is endemic, water from lakes or rivers which are used for public 

consumption and are sometimes contaminated by raw sewage are the main sources of infection. 

 

Diagnosis  
Laboratory diagnosis of typhoid fever is based on three principles: 
 

A. Isolation of organism  
 

B. Detection of microbial antigen  
 

C. Titration of antibody against causative organism  
 
Blood cultures are the standard diagnostic method, and the results can be positive in 60 – 80 % of 

patients, provided that a large volume of blood (typically 15 ml for adults) is cultured. Culture of 

the infectious agent may also be obtained from stool, urine, bone marrow or bile. Bone marrow is 

the most sensitive source (80-95 %), but is not practical. 
 
The role of the classic Widal test is controversial, with divergent views on the test’s utility in 

various areas of endemicity. Usually, O antibodies appear on 6-8 days and H antibodies on 10-12 

days after the onset of the disease. As per the one study from South East Asia, patients tested 

positive for the Widal agglutination test with titers ranging from 1:80 to 1:320, no Salmonella 

organism was encountered in some cultures. The results suggest that serological investigations 

alone may not be a reliable index for the diagnosis of Salmonella infections. 
 
Recent advances include the IDL Tubex® test, which reportedly can detect IgM O9 antibodies. 

The IgMO9 antigen used in the test is extremely specific because its immune-dominant epitope is 

a rare dideoxyhexose sugar in nature. This antigen has been found in serogroup D Salmonellae 

but not in other microorganisms. A positive result given by Tubex® invariably suggests a 

Salmonella infection. Tubex® detects IgM antibodies but not IgG.This makes it invaluable as an 

aid in the diagnosis of current infections. 
 
Another rapid serological test, Typhidot®, makes use of the 50 kD antigen to detect specific IgM 

and IgG antibodies to S. typhi and takes three hours to perform.This dot enzyme immuno assay 

(EIA) test offers simplicity, speed, specificity (75%), economy, early diagnosis, sensitivity (95%) 

and high negative and positive predictive values. The detection of IgM reveals acute typhoid in 

the early phase of infection, while the detection of both IgG and IgM suggests acute typhoid in the 

middle phase of infection. Since IgG can persist for more than two years after typhoid 

infection,the detection of specific IgG cannot differentiate between acute and convalescent cases. 
 
A newer version of the test, Typhidot-M®, was recently developed to detect specific IgM 

antibodies only. This test can replace the Widal test, when used in conjunction with the culture 

method, for the rapid and accurate diagnosis of typhoid fever. The high negative predictive value 

of the test suggests that Typhidot-M® would be useful in areas of high endemicity. 
 
The typhoid IgM dipstick assay is also being designed for the serodiagnosis of typhoid fever, 

through the detection of S. typhi specific IgM antibodies in serum or whole blood samples. But, it 
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may not be cost-effective. Salivary IgM test has also been used, though not yet available. Mixed 

infection with multiple Salmonella serotypes in the same patient is an unusual finding; but there 

have been isolated such case reports. 
 
Recent advances in molecular immunology have led to the identification of sensitive and specific 

markers. Alternative methods for biological molecular analysis are enzyme immunoassay, surface 

plasmon resonance, and electrochemical immunoassay. In particular, the use of electrochemical 

immunoassay has attracted considerable interest for S. typhi determination because of its inherent 

simplicity, high sensitivity, inexpensive instrumentation, and miniaturization. 
 
With the development of nanotechnology, various nanoparticles and nano-quantum dots have 

been used as labels to enhance the sensitivity of the electrochemical immunoassay technique. The 

metal-enhanced colloidal gold electrochemical stripping metallo-immunoassay combines the high 

sensitivity of stripping metal analysis with the remarkable signal amplification resulting from the 

catalytic precipitation of metals onto the gold nanoparticles. 

 

Management of the disease 

 

Treatment 
 
More than 90% of patients are managed at home with oral antimicrobials, bed rest and close 

medical follow up. Resistance to commonly used antibiotics such as chloramphenicol, ampicillin, 

amoxycillin and cotrimoxazole has been reported from different parts of India. Quinolones are 

being used as a first line therapy. Levofloxacin 750 mg administered orally once daily is an 

effective, safe, well-tolerated and cost-effective option in the treatment of typhoid fever in adult 

Indian males and non-pregnant females. The quinolone antibiotics, such as ciprofloxacin and nor-

floxacin are more effective and have become the treatment of choice in eradicating the carrier 

state [10]. However, in cases of anatomic abnormality (eg. biliary or kidney stones) eradication of 

carrier state cannot be achieved by antibiotic therapy alone but also requires surgical correction of 

the abnormality. In persons with gallstones or chronic cholecystitis, cholecystectomy eliminates 

the carrier state in 85%. However, this procedure is recommended only for those cases whose 

profession is not compatible with the typhoid carrier state, such as food handlers and health care 

providers [11]. Long-term suppressive antimicrobial therapy should be considered for patients 

with persistent carriage in whom no anatomic abnormality can be identified or who relapses after 

cholecystectomy 

 

Disease Management 
 
Attempts to measure the incidence of febrile illness are hampered by problems associated with 

surveillance sensitivity and specificity. Although conducting surveillance at the tertiary hospital 

level is attractive, these approaches tend to underestimate disease incidence. While a routine 

door-to-door visit to identify febrile persons is a highly sensitive technique, it is limited by cost 

and time considerations. Similarly, syndrome based classification requires no laboratory capacity, 

but lacks specificity. Only a few developing countries have national typhoid fever surveillance 
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systems, leading to an over-reliance on vaccine studies for estimates of typhoid fever incidence in 

these countries. 
 
Typhoid is under regular surveillance by integrated disease surveillance project of India1. An 

estimate of annual typhoid incidence rate of 493.5 cases per 100,000 person years was reported in 

one study. Most of these outbreaks were of drug resistant strain of Salmonella typhi. There has 

been report on triple drug resistance for 95.1 per cent isolates of Salmonella typhi to 

chloramphenicol, ampicillin and co-trimoxazole. Chloramphenicol resistant isolates of 

Salmonella. In many areas where the disease is endemic, laboratory capability is limited. Recent 

advances in molecular immunology have led to the identification of sensitive and specific markers 

for typhoid fever and technology to manufacture practical and inexpensive kits for their rapid 

detection. But their limitation paves way to continue to search for the ideal rapid tests to diagnose 

acute typhoid fever. Rapid and appropriate diagnostics are key to the management of typhoid in 

terms of public health [12]. 
 
Although effective vaccines are available, there are no plans for large scale vaccination 

programmes in infants and children. Many other factors influence the severity and overall clinical 

outcome of the infection. They include the duration of illness before the start of appropriate 

treatment, the choice of antimicrobial, the patient's age and exposure or vaccination history, the 

virulence of the bacterial strain, the quantity of inoculum ingested, and several host factors 

affecting immune status. Recent data from South Asia indicate that the presentation of typhoid 

may be more dramatic in children younger than 5 years, with higher rates of complications and 

hospitalisation. Diarrhoea, toxicity, and complications such as disseminated intravascular 

coagulation are also more common in infancy, with higher mortality Although the mainstay of 

diagnosing typhoid fever is a positive blood culture, the test is positive in only 40-60% of cases, 

usually early in the course of the disease. Stool and urine cultures become positive after the first 

week of infection, but their sensitivity is much lower. In much of the developing world, 

widespread antibiotic availability and prescribing is another reason for the low sensitivity of 

blood cultures. Although bone marrow cultures are more sensitive, they are difficult to obtain, 

relatively invasive, and of little use in public health settings [13]. 
 
Despite several new developments, the diagnosis of typhoid in much of the developing world is 

made on clinical criteria. This poses problems, since typhoid fever may mimic many common 

febrile illnesses without localising signs. In children with multisystem features, the early stages of 

enteric fever may be confused with conditions such as acute gastroenteritis, bronchitis, and 

bronchopneumonia. Subsequently, the differential diagnosis includes malaria; sepsis with other 

bacterial pathogens; infections caused by intra-cellular organisms such as tuberculosis, 

brucellosis, tularaemia, leptospirosis, and rickettsial diseases; and viral infections such as dengue 

fever, acute hepatitis, and infectious mononucleosis. There is thus an urgent need to develop a 

multipurpose “fever stick” that may allow the rapid and specific diagnosis of common febrile 

illnesses, especially malaria, dengue fever, and typhoid.
w15

Early diagnosis of typhoid fever and 

prompt institution of appropriate antibiotic treatment are essential for optimal management, 

especially in children. Although most cases can be managed at home with oral antibiotics and 

regular follow-up, patients with severe illness, persistent vomiting, severe diarrhoea, and 
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abdominal distension require hospitalisation and parenteral antibiotic treatment. In addition to 

antibiotics, supportive treatment and maintenance of appropriate nutrition and hydration are 

crucial. Rapid diagnosis and institution of appropriate antibiotic treatment.Adequate rest, 

hydration, and correction of fluid-electrolyte imbalance. Antipyretic therapy as required (such as 

paracetamol 120-750 mg taken orally every 4-6 hours). Adequate nutrition: a soft, easily 

digestible diet should be continued unless the patient has abdominal distension or ileus. Close 

attention to hand washing and limitation of close contact with susceptible individuals during acute 

phase of infection. 
 
Regular follow-up and monitoring for complications and clinical relapse (this may include 

confirmation of stool clearance in non-endemic areas or in high risk groups such as food handlers. 

The prognosis for a patient with enteric fever depends on the rapidity of diagnosis and treatment 

with an appropriate antibiotic. Other factors include the patient's age, general state of health, and 

nutrition; the causative Salmonella serotype; and the appearance of complications. Infants and 

children with underlying malnutrition and those infected with multidrug resistant isolates are at 

higher risk of adverse outcomes. Although additional treatment with dexamethasone (3 mg/kg for 

the initial dose, followed by 1 mg/kg every 6 hours for 48 hours) has been recommended among 

severely ill patients with shock, obtundation, stupor, or coma, this must be done only under 

strictly controlled conditions and supervision, and signs of abdominal complications may be 

masked. 
 
Despite appropriate treatment, some 2-4% of infected children relapse after initial clinical 

response to treatment. Individuals who excrete S. typhi for more than three months after infection 

are regarded as chronic carriers. However, the risk of becoming a carrier is low in children and 

increases with age, but in general it occurs in less than 2% of all infected children. Avoid undue 

exposure to possible infection through food and water (contaminated water, salads, street foods). 

Use bottled water whenever possible, otherwise use only boiled water. Two typhoid vaccines are 

available, both with proved efficacy of 60-80%, and should be taken at least two weeks before 

travel [14]. 
 
Oral Ty21a vaccine—Enteric coated capsules taken on alternate days for four doses. The vaccine 

is contraindicated in pregnant women, children under the age of 6 years, and immune-

compromised patients. A booster may be required every five years Vi polysaccharide vaccine— 

0.5mlasasingle intramuscular dose for travellers older than 2 years. A booster may be required 

every two years 

 

Vaccines 
 
Three types of typhoid vaccines are available: Phenol-inactivated vaccine; Live, attenuated S. 

typhi strain, Ty21a; Purified Vi capsular polysaccharide vaccine [15]. Each of these vaccines 

offers 55% to 85% protection for 3 to 5 years. The main differences relate to their side effects. 

Local pain at the injection site and mild to moderate systemic reactions are commonly 

encountered with the phenol-inactivated vaccine. The live-attenuated oral vaccine may cause mild 

gastrointestinal distress, but because of its low toxicity and ease of administration it should be 
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used for travellers to areas of high risk. There are little data available regarding the protective 

efficacy of the oral vaccine for travellers. The purified capsular Vi vaccine has significantly fewer 

adverse effects than the killed whole cell parenteral vaccines. Its efficacy has not been established 

in travellers, but it is used as an alternative to the oral typhoid vaccine. Lin et al report an efficacy 

of more than 90% for a new typhoid vaccine with the capsular polysaccharide of S. typhi, Vi 

conjugated to nontoxic recombinant Pseudomonas aeruginosa exotoxin A (VirEPA). An effective 

typhoid vaccine could have a substantial effect during outbreaks in locations where water and 

sewage-disposal systems are inadequate. There has been growing concern, especially in the face 

of MDR strains such as those seen in Tajikistan, that vaccination against typhoid fever is not 

currently considered as part of the usual response to epidemics. In the 1970s, vaccination proved 

to be a successful intervention in Thailand. There was a rapid decline in blood-culture-confirmed 

typhoid fever [16]. 

 

Conclusion 
 
The issues of food safety attract more attention from the government and public worldwide in 

recent years. The incidence of salmonellosis outbreak cannot be neglected due to the 

overwhelming effects to human. The knowledge about Salmonella and its evolution is important 

to ensure the safety and quality of food. Management of typhoid fever continues to pose a 

challenge. The absence of a reliable rapid diagnostic test, will test the diagnostic skills of the 

treating physician. With sufficient time and research, the promise of nanotechnology based 

disease diagnosis may become a reality. Therapeutic strategies will have to take into account the 

local antibiotic sensitivity patterns of S. typhi while defining treatment. 
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