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Summary 
Salmonella is an important pathogen for both humans and 

animals. Although the organism has been intensively 

considered during the last century, much remains to be well-

read regarding this pathogen. Salmonella species are gram-

negative bacilli that are responsible for significant morbidity 

and mortality in both developing and developed nations. They 

are responsible for a wide variety of diseases, including 

enteric fever or typhoid fever (S. Typhi and  S. Paratyphi), as 

well as a range of clinical syndromes, including diarrheal 

illness caused by a group of bacteria known as non-typhoid 

Salmonella (NTS). This review summarizes briefly, new and 

significant insights concerning Epidemiology, pathology and 

preventive measures of the disease. 

 
Introduction 

Salmonella is a rod-shaped, Gram-negative facultative anaerobe that 

belongs to the family Enterobacteriaceae (Barlow and Hall 2002). S. 

enterica is a worldwide importance causing as many as 1.3 billion 

cases of disease annually (Ochman and Groisman 1994; Fierer and 

Guiney 2001.) The Salmonella enteric species include about 2600 

diverse serotypes, most of which scause a wide range of food and 

water-borne diseases ranging from self-limiting gastroenteritis to 

typhoid fever in both humans and animals. Moreover, some serotypes 

are restricted to a few animal species, whereas other serotypes are 

able to infect plants as well as cold and warm-blooded animals (Velge 

et al., 2012). Salmonella is large and closely related population of 

medically important pathogens (Lin and Cheng 2007). S. enteric 

species are typically orally acquired pathogens that cause one of four 

major syndromes: enteric fever (typhoid), enterocolitis/diarrhea, 

bacteremia and chronic asymptomatic carriage. The disease 

manifestation depends on both host susceptibility and the infectious S. 

enteric serovar (Fierer and Guiney 2001). In humans, serovars Typhi, 

Paratyphi and Sendai cause enteric fever, while most serovars cause 

enterocolitis/diarrhea (Bryan et al. 2007). Salmonella and 

Campylobacter are the most frequently isolated foodborne pathogens, 

and are predominantly found in poultry, eggs and dairy products 

(Silva et al.2011). Some of other food sources that are involved in the 

transmission of Salmonella include fresh fruits and vegetables (Pui et 

al. 2011; Shu et al. 2015). Typhoid fever is a global problem, and is 

most common among children, especially in areas of Asia and Africa 

that lack clean water and adequate sanitation, and is also an important 

travel-associated disease (Connor and Schwartz 2005). S. Typhi is an 

exclusively human pathogen causing a bacteremic disease that, unlike 

many other Gram-negative bacteremias, does not typically manifest 

with neutrophilia or septic shock (Tsolis et al. 2008). The widespread 

appearance of antimicrobial-resistant strains have limited treatment 

options (Arjyal et al. 2011; Beeching and Parry 2011). Relapse and 

chronic asymptomatic fecal carriage may complicate the illness 

(Monack et al 2004; Monack DM 2011). Mortality usually results 

from intestinal perforation and peritonitis or from a severe toxic 

encephalopathy associated with myocarditis and hemodynamic shock 

(Parry et al. 2002). Infections with non-typhoidal Salmonella (NTS) 

serovars, such as S. enteric serovar Typhimurium and S. Enteriditis, 

also cause a significant disease burden, with an estimated 93.8 million 

cases worldwide and 155,000 deaths each year (Feasey et al. 2012). 

The variations in the clinical features of infection with this 

intracellular pathogen relate to differences in the interaction between 

different Salmonella serovars and the host (Hanna et al. 2012). 

Causative Agent 
The genus Salmonella is composed of two distinct species: 

Salmonella bongori and Salmonella enterica, the latter being divided 

into six subspecies. (Hanna et al. 2012) enterica, salamae, arizonae, 

diarizonae, houtenae, and indica (Guibourdenche et al. 2010). The 

agglutinating properties of the somatic O, flagellar H, and capsular Vi 

antigens are used to differentiate more than 2600 serologically distinct 

Salmonella (Guibourdenche et al. 2010, Velge et al., 2012). About 

90% of the genes in S. Typhi and S. Typhimurium serovars are 

identical (McClelland et al. 2001). The 10% of genes that differ 

include virulence factors, which determine their pathogenic potential 

(Sabbagh et al. 2010). Strains belonging to S. enterica subsp. enterica 

cause approximately 99% of Salmonella infections in humans and 

warm-blooded animals (McClelland et al. 2001, Velge et al., 2012). 
Classification of Salmonella 
The antigenic classification system of various Salmonella serovars 

used today has accumulated from many years of studies on antibody 

interactions with surface antigens of Salmonella organisms 

established by Kauffman and White almost a century ago. All 

antigenic formulae of recognized Salmonella serotypes are listed in a 

document called the Kauffmann-White scheme.( Popoff et al. 2001; 

Lin and Cheng 2007). Kauffmann-White scheme classifies 

Salmonella according to three major antigenic determinants composed 

of flagellar H antigens, somatic O antigens and virulence (Vi) 

capsular K antigens. This was adopted by the International 

Association of Microbiologists in 1934. Agglutination by antibodies 

specific for the various O antigens is employed to group Salmonellae 

into the 6 serogroups: A, B, C1, C2, D and E. For instance, S. 

Paratyphi A, B, C and S. Typhi express O antigens of serogroups A, 

B, C1 and D, respectively (Pui et al. 2011). The WHO Collaborating 

Centre for Reference and Research on Salmonella at the Pasteur 

Institute, Paris, France is responsible for updating the scheme. Every 

year newly recognized serovars are reported in the journal Research in 

Microbiology by Popoff et al. (Popoff et al. 2004). Currently, the 

nomenclature system used at the CDC for the genus Salmonella is 

based on recommendations from the WHO Collaborating Centre. 

According to the CDC system, the genus Salmonella contains two 

species, S. enterica, the type species, For those designated by their 

antigenic formulae, the subspecies name is written in Roman letters 

(not italicized) followed by their antigenic formulae, including O 

(somatic) antigens, H (flagellar) antigens (phase 1), and H antigens 
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(phase 2, if present). A colon is used between each antigen, e.g., 

Salmonella serotype II 39:z10:z6 (Lin and Cheng 2007). 

Epidemiology 

Typhoid cases are stable with low numbers in developed countries, 

but nontyphoidal salmonellosis has increased worldwide. Typhoid 

fever usually causes mortality in 5 to 30% of typhoid-infected 

individual in the developing world. The World Health Organization 

(WHO) estimates 16 to 17 million cases occur annually, resulting in 

about 600,000 deaths. The mortality rates differ from region to region, 

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

treatment. On the other hand, nontyphoidal cases account for 1.3 

billion cases with 3 million deaths. Typhoid fever is endemic 

throughout Africa and Asia as well as persists in the Middle East, 

some eastern and southern European countries and central and South 

America. In the US and most of Europe, typhoid is predominantly a 

disease of the returning traveler (Pui et al. 2011). Enteric fever is 

endemic in many regions of the African and Asian continents as well 

as countries such as in Europe, South and Central America, and the 

Middle East. The incidence of enteric fever in the USA and some 

European countries is low, with the total number of Salmonella cases 

being less than 10 per 100,000 annually. Most of the cases reported in 

these countries are related to travel, with the disease being imported 

by foreigners or travelers returning from Africa, India or Pakistan 

(Molbak et al. 2002; Cooke et al. 2007).  Many Asian countries, 

including China, India, Vietnam, Pakistan and Indonesia, have high 

incidence rates of enteric fever, exceeding 100 cases per 100,000 

populations annually. Compared to other Asian countries, Pakistan 

and India have the highest incidence rates of 451.7 cases and 214.2 

cases per 100,000 population, respectively (Ochiai et al.2008). In 

endemic regions, enteric fever occurs more frequently in infants, 

preschool and school-age children. (Mweu & English 2008; Shu et al. 

2015). 

Transmission and Pathogenesis 
S. Typhi  is  transmitted  through  contaminated food  and  water,  

following  ingestion,  the  bacteria  spread  from  the intestine  via  

blood  to  the  intestinal  lymph  nodes,  liver,  and  spleen where  they  

multiply.  Significant  morbidity  and  mortality  is  associated  with  

this  disease  possibly  affecting  over  90  million  people globally  

each  year  (Majowicz  et  al.  2010). The risk of acquiring typhoid  

fever  is  increased  among  clinical  microbiologists  and  travelers  to  

regions  where  the  disease  is  endemic  (Levine  et  al.  2004; Kaur 

and Jain 2012). This route of infection is shared with non-typhoidal 

Salmonella serovars (NTS), the causative agents of gastroenteritis. 

Gastroenteritis is characterised by a rapid onset after a short 

incubation period (12-72h) and a brief duration (<10 days), while, 

typhoid fever has a considerably longer incubation period (median of 

5 to 9 days) and longer duration of symptoms (fever persists for 

approximately three weeks). Also, gastroenteritis is an infection that 

remains localized to the intestine and mesenteric lymph nodes in 

immunocompetent patients, whereas typhoid fever is a systemic 

infection during which S.Typhi colonizes the liver, spleen and bone 

marrow in addition to the intestine and the mesenteric lymph nodes 

(Santos et al. 2001; Tsolis et al, 1999; Manuela et al. 2008). 

Prevention 

Even though estimation swings greatly due to a lack of standard 

diagnosis and reporting, between 200 million and 1.3 billion cases of 

intestinal disease, including 3 million deaths due to non-typhoidal 

Salmonella are expected to occur each year worldwide (WHO 2005). 

Like typhoid, the frequency of intestinal disease caused by non-

typhoidal Salmonella species is highest in the developing world, but is 

also of significant importance in developed countries (Bryan et al. 

2007). Contaminated water or food is the most important transmission 

route of enteric fever. At present, preventive measures for enteric 

fever concentrate on access to safe water and food, proper sanitation 

and the use of typhoid vaccines. Ensuring the safety of water for 

consumption is the main goal for the eradication of possible 

transmission routes of typhoid Salmonella as well as NTS. This 

important measure has been successfully accomplished in developed 

countries, such as in Europe and the USA, but not in developing and 

underdeveloped countries (Clasen et al. 2007). Besides water, 

Salmonella spp. can be found in a variety of foods, predominantly in 

poultry, eggs and dairy products. Proper handling and cooking of food 

are measures proposed to wipe out the bacterial contamination of 

food. In many countries, food irradiation has been greatly supported 

due to its effectiveness in reducing the risk of food contamination. 

Approved by several public health agencies, including the WHO and 

CDC, the technology of food irradiation is only moderately utilized in 

some areas in Europe and the USA because of the risk of radioactivity 

(Osterholm and Norgan 2004). Vaccination is an effective measure in 

preventing enteric fever. Inactive parenteral and oral live attenuated 

vaccines are the two types of vaccine currently approved for the 

prevention of enteric fever. However, these licensed vaccines are 

limited to infants and they are not effective in preventing infections 

caused by S. Paratyphi and NTS (Lin et al. 2001; Shu et al. 2015). 

Conclusion 

Salmonella infection leftovers a difficult public health consternation 

globally. There are two vaccines have been approved in favor of the 

prevention for enteric fever, but till date no licensed vaccines are 

presented for S. Paratyphi and non-typhoid Salmonella infection. 

Conflict of Interest: There is no conflict of interest. 

References 
Arjyal A, Basnyat B, Koirala S, Karkey A, Dongol S, et al. (2011) 
Gatifloxacin versus chloramphenicol for uncomplicated enteric fever: an open-

label, randomised, controlled trial. Lancet Infect Dis 11: 445–454. 
Barlow M, Hall BG. (2002) Origin and evolution of the AmpC beta-lactamases 

of Citrobacter freundii. Antimicrob Agents Chemother. 46:1190–1198. 

Beeching NJ, Parry CM. (2011) Outpatient treatment of patients with enteric 
fever. Lancet Infect Dis 11: 419–421. 

Bryan Coburn, Guntram A Grassl and BB Finlay. (2007) Review: Salmonella, 

the host and disease: a brief review. Immunology and Cell Biology; 85, 112–
118. 

Clasen T, Schmidt WP, Rabie T, Roberts I, Cairncross S. (2007) Interventions 

to improve water quality for preventing diarrhoea: systematic review and meta-
analysis. British Medical Journal. 334(14):782.  

Connor BA, Schwartz E. (2005) Typhoid and paratyphoid fever in travellers. 

Lancet Infect Dis 5: 623–628. 
Cooke FJ, Day M, Wain J, Ward LR, Threlfall EJ. (2007) Cases of typhoid 

fever imported into England, Scotland and Wales (2000–2003). Transactions 

of the Royal Society of Tropical Medicine and Hygiene. 101:398–404. 
Feasey NA, Dougan G, Kingsley RA, Heyderman RS, Gordon MA. (2012) 

Invasive non-typhoidal salmonella disease: an emerging and neglected tropical 

disease in Africa. Lancet 379: 2489–2499. 
Fierer J, Guiney DG. (2001) Diverse virulence traits underlying different 

clinical outcomes of Salmonella infection. J Clin Invest; 107:775–780. 

Guibourdenche, M., P. Roggentin, M. Mikoleit, P. I. Fields, J. Bockemuhl, P. 
A. Grimont, et al. (2010) Supplement 2003-2007 (No. 47) to the White-

Kauffmann-Le Minor scheme. Res. Microbiol. 161:26–29. 

Hanna K. de Jong, Chris M. Parry, Tom van der Poll, W. Joost Wiersinga. 
(2012) Review: Host–Pathogen Interaction in Invasive Salmonellosis. PLOS 

Pathogens.1 October 2012 Volume 8  Issue 10; e1002933s 



The Indian Journal of Basic and Applied Research 
Volume 2 |Issue 1| Jan 2017 
Online & print@ www.ijbar.co.in 

   E- ISSN No: 2454-4639 

 
 

 

www.ijbar.co.in                                        copyright@ijbar2017       Page | 128  

 

 

Kaur Jasmine, Jain S.K.  (2012) Review  article: Role  of  antigens  and  
virulence  factors  of  Salmonella  enterica  serovar  Typhi  in  its pathogenesis. 

Microbiological Research 167; 199– 210. 
Levine  MM,  Galen  JE,  Tacket  CO,  Barry  EM,  Pasetti  MF,  Sztein  MB. 

(2004)  Attenuated  strains of  Salmonella  enterica  serovar  Typhi  as  live  

oral  vaccines  against  typhoid  fever. In:  Levine  MM,  Kaper  JB,  Rappuoli  
R,  Liu  M,  Good  M,  editors.  New generation vaccines.  3rd ed.  New York:  

Marcel Dekker; p. 479–86. 

Lin FY, Ho VA, Khiem HB, Trach DD, Bay PV, Thanh TC, Kos-saczka Z, 
Bryla DA, Shiloach J, Robbins JB, et al. (2001) The efficacy of a Salmonella 

typhi Vi conjugate vaccine in two-to-five-year-old children. The New England 

Journal of Medicine. 344(17):1263–1269. 
Lin-Hui Su, Cheng-Hsun Chiu. (2007) Review Article: Salmonella: Clinical 

Importance and Evolution of Nomenclature. Med J Vol. May-June: 30 No. 3; 

210-219. 
Majowicz SE, Musto J, Scallan E, Angulo FJ, Kirk M, et al. (2010) The global 

burden of nontyphoidal Salmonella gastroenteritis. Clin Infect Dis 50: 882–

889. 

Manuela Raffatellu, R. Paul Wilson, Sebastian E. Winter, Andreas J. Bäumler. 

(2008) Review Article: Clinical pathogenesis of typhoid fever. J Infect 

Developing Countries; 2(4): 260-266. 
McClelland M, Sanderson KE, Spieth J, Clifton SW, Latreille P, et al. (2001) 

Complete genome sequence of Salmonella enterica serovar Typhimurium LT2. 

Nature 413: 852–856.  
Molbak K, Gerner-Smidt P, Wegener HC. (2002) Increasing quinolone 

resistance in Salmonella entericaserotype Enter-itidis. Emerging Infectious 

Diseases. 8:514–515. 
Monack DM, Mueller A, Falkow S (2004) Persistent bacterial infections: the 

interface of the pathogen and the host immune system. Nat Rev Microbiol 2: 

747–765. 
Monack DM (2011) Salmonella persistence and transmission strategies. Curr 

Opin Microbiol 15: 100–107. 

Mweu E, English M. (2008) Typhoid fever in children in Africa. Tropical 
medicine & International Health. 13:532–540. 

Ochiai RL, Acosta CJ, Danovaro-Holliday MC, Baiqing D, Bhattacharya SK, 

Agtini MD, Bhutta ZA, Canh do G, Ali M, Shin S, et al. (2008) A study of 

typhoid fever in five Asian countries: disease burden and implications for 

controls. Bulletin of the World Health Organization. 86:260–268. 

Ochman H, Groisman EA. 1994. The origin and evolution of species 
differences in Escherichia coli and Salmonella typhimurium. EXS; 69: 479–

493. 

Osterholm MT, Norgan AP. (2004) The role of irradiation in food safety. The 
New England Journal of Medicine. 350(18):1898–1901.  

Parry CM, Hien TT, Dougan G, White NJ, Farrar JJ (2002) Typhoid fever. N 

Engl J Med 347: 1770–1782. 
Popoff MY, Le Minor L. (2001) Antigenic formulas of the Salmonella 

serovars, 8th revision. Paris: World Health Organization Collaborating Centre 

for Reference and Research on Salmonella, Pasteur Institute.  
Popoff MY, Bockemuhl J, Gheesling LL. (2004) Supplement 2002 (no. 46) to 

the Kauffmann-White scheme. Res Microbiol;155:568-70.  

Pui CF, Wong WC, Chai LC, Nillian E, Ghazali FM, Cheah YK, Nakaguchi Y, 
Nishibuchi M, Radu S. (2011) Simulta-neous detection ofSalmonellaspp., 

Salmonella Typhi and Salmonella Typhimurium in sliced fruits using 
multiplex PCR. Food Control. 22:337–342. 

Santos RL, Zhang S, Tsolis RM, Kingsley RA, Adams LG, Bäumler AJ (2001) 

Animal Models of Salmonella Infections: Enteritis vs. Typhoid Fever. Mircrob 
Infect 3:1335-1344.  

Sabbagh SC, Forest CG, Lepage C, Leclerc JM, Daigle F (2010) So similar, 

yet so different: uncovering distinctive features in the genomes of Salmonella 
enterica serovars Typhimurium and Typhi. FEMS Microbiol Lett 305: 1–13.  

Shu-Kee Eng, Priyia Pusparajah, Nurul-Syakima Ab Mutalib, Hooi-Leng Ser, 

Kok-Gan Chan & Learn-Han Lee. (2015) Salmonella: A review on 
pathogenesis, epidemiology and antibiotic resistance. Frontiers in Life Science, 

Vol. 8, No. 3, 284–293. 

Silva J, Leite D, Fernandes M, Mena C, Gibbs PA, Teixeira P. (2011) 
Campylobacter spp. as a foodborne pathogen: a review. Frontiers in 

Microbiology. 2. 

Tsolis RM, Kingsley RA, Townsend SM, Ficht TA, Adams LG, Bäumler AJ 
(1999) Of mice, calves, and men. Comparison of the mouse typhoid model 

with other Salmonella infections. Adv Exp Med Biol 473:261-274. 
Tsolis RM, Young GM, Solnick JV, Baumler AJ (2008) From bench to 

bedside: stealth of enteroinvasive pathogens. Nat Rev Microbiol 6: 883–892. 

Velge P, Wiedemann V,  Rosselin M, Abed  N, Boumart Z,  Chausse A.M, 
Grepinet O, Namdari  F, Roche S.M, Rossignol A, and Virlogeux-Payant I. 

(2012) Multiplicity of Salmonella entry mechanisms, a new paradigm for 

Salmonella pathogenesis. Microbiology Open; 1(3): 243–258. 
World Health Organization Drug-Resistant Salmonella. 

http://www.who.int/mediacentre/ factsheets/fs139/en/print.html. (2005) WHO 

website. 


