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i i i that lack clean water aratlequate sanitation, and is also an important
SalmonellaA Reviewon Epldemlology, travelassociatedliseasgConnorand Schwartz2005. S. Typhi is an

Pathogenesmnd Prevention of Disease exclusively human pathogen causingazteremic disease that, unlike
many other Grammegativebacteremias, does not typically manifest
with neutrophilia orseptic shocKTsoliset al. 2008. The widespread
appearace of animicrobiatresistant strains havémited treatment
options (Arjyal et al. 2011;Beechingand Parry2011). Relapse and
chronic asymptomatic fecal carriage may complicate the illness
Running Title: Review a1 Salmonella (Monack et al 2004;Monack DM 2011). Mortality usually results
*Corresponding Author from |kr]1t(Tst|nar: perfc;r‘aaorgi anﬂ perltonlél.s. or grohm adseverg tor>]<|c y
Centre for Animal Dseases Research and Diagnosis, encephalopathgssociated with myocarditis and hemodynamic shoc

. . . . . (Parryet al. 2002. Infections with nortyphoidal Salmonella(NTS)
Indian VeterinaryResearch Institute, Bareilly, Uhdia. serovars, such &. entericserovar Typhimurium and Enteriditis,

Sarika Tiwark, Pankaj Bhatt
Centre for Animal [seases Research and Diagnosis, Indian
VeterinaryResearch Institute, Bareilly, Uhhdia.

_Phone:+91-9458690696 also cause significant disease burden, with an estimated 93.8 million
E-mail: sarikatiwari_5@rediffmail.com casesworldwide and 155,000 deaths each y@egaseyet al. 2012
The variations in the clinical features of infection with this
Summary intracellular pathogen relate to diffecas in the interactiobetween

Salmonellais an importantpathogen for both humans and differentSaimonella serovars and the h@dannaet al. 2013

animals. Although the organism has been intensivel-@usative Agent . _
consideredduring the last century, muatemairs to bewell- he genus Salmonella is composed of two distinct species:
read regarding this pathogen Salrﬁonellaspecies are gram Salmonella bongorand Salmonella enterica, the latter being divided

. = . e s into six subspecieHanna et al. 2012¢nterica, salamae, arizonae,
negative bacilli that areesponsible for significant morbidity iarizonae. houtenae, arindica (Guibourdenche et al. 2010). The

and mortality in both developing and developed nations. Theygglutinatingproperties of the somatic O, flagellar H, and capsular Vi
are responsible for a wideariety of diseass, including  antigens are used to differentiate more than 26Gflagically distinct
enteric fever or typhoid fevé6. Typhi andS. Paratyphi), as Salmonella(Guibourdenche et al. 201&elge et al., 2012)About
well as a range of clinical syndraeg including diarrheal 90% of the genes 5. Typhi andS. Typhimuriumserovars are
illness caused by a group of bacteria known as-Whoid ?dentical_(McCIeIIand et al. 2001.) ThElO% of genes_ that dif_fer
Salmonella(NTS) This reviewsummarizesriefly, new and includevirulence factors, which determirieeir pathogenic potential

P P f ; ; (Sabbagtet al. 2010. Strains belonging to S. enterica subsp. enterica
S|gn|flcgnt insights concermn@pldemlology, pathology and causeapproximately 99% of Salmonella infections in humamsl
preventive measures of the disease.

warmblooded animals (McClelland et al. 2QQ%lge et al., 2012

) Classification of Salmonella

Introduction The antigenic classification system of varioBalmonellaserovars
Sa used today has accumulatedm many years of studies on antibody

Imonellais a rodshaped, Gramegative facultative anaerobe that interactions with surface antigens of Salmonellmrganisms
belongsto the family Enterobacteriaceae (Barlawd Hall 2002).S.  established by Kauffman and White almost a centagp. All
enterica is a worldwide importance causing as many as 1.3 billioAntigenic formulae of recognized Salmoneitaotypes are listed in a
cases of disease annua{@chmanand Groisman 1994Fiererand  document called th&auffmanrWhite scheme.Popoffet al. 2001
Guiney 2001) The Salmonellaenteric species include about 2600 Lin and Cheng 2007). KauffmannWhite scheme classifies
diverse serotypes, most wfich scause a wide range of foahd  Salmonella according to three major antigetieterminants composed
waterborne diseases ranging froseltlimiting gastroenteritis to  of flagellar H antigens, somatic O antigens and virulence (Vi)
typhoid fever in both humans and animaloreover, some serotypes capsular K antigens. This was adopted by the International
are restricted to a few animal species, whereas ctwatypes are Association of Microbiologists in 1934. Agglutination by antibodies
able b infect plants as well as coithd warmblooded animal§Velge  specific for the various O antigens is enyad to group Salmonellae
et al., 2012) Salmonellais large and closely relatguopulation of into the 6 serogroups: A, B, C1, C2, D and E. For instance, S.
medically importantpathogens(Lin and Cheng2007) S. enteric  Paratyphi A, B, C and Syphi express O antigens of serogroups A,
species are typically orally acquired pathogens that cause one of foBr C1 and D, respectivelPui et al. 2011) The WHO Collaborang
major syndromes: enteric fever (typhoid), enterocolitis/diarrheaCentre for Reference and Reseaa Salmonellaat the Pasteur
bacteremia and chronic asymptomatic carriage. The disead@stitute, Paris, France iesponsible for updating the scheme. Every
manifestatiordepends on both host susceptibility and the infectiSus ~yearnewly recognized serovars are reported in the jouReakarch in
entericserovar Fiererand Guiney2001). In humans, serovars Typhi, Microbiology by Popoff et al. Ropoff et al. 2004 Currently, the
Paratyphi and Sendai causeteric fever, while most serovars cause nomenclature syste used at thecDC for the genus Salmonella
enterocolitis/diarrhea (Bryan et al. 2007) Salmonella and based on recomendations from the WHO Collaborating Centre
Campylobacter are the most frequently isolated foodborne pathogerfsgcording to the CDC system, the genus Salmonediatains two
and are predominantly found in poultry, eggs and dpimyducts  Species, S. enterica, the type speckes, those designated by their
(Silva et al.2011)Some of ther food sources that airevolved in the  antigenic formule, the subspecies name is written in Roman letters
transmission of Salmoneliaclude freshiruits andvegetables (Pui et (not italicized) followed by their antigenic formula@cluding O
al. 2011 Shuet al 2015. Typhoid fever is a global problerandis ~ (somatic) antigens, H (flagellar) antigens (phase 1), and H antigens
most common among childreespecially in areas of Asia and Africa
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(phase 2, if present colon is used between each antigen, e.g.also of significantimportancein developed countriefBryan et al.
Salmonellaserotype 11 39:z10:z@Lin andCheng2007). 2007) Contaminated water or food is th@st importantransmission
Epidemiology route of enteric feverAt present, preventive measurfes enteric

Typhoid cases are stable with low numbers in developed countriefgVer concentrate on access to safe waterfeod, proper sanitation
but nontyphoidal salmonellosis has increased worldwide. Typhoi@nd the use of typhoid vaccineEnsuring the safety of water for
fever usually causes mortality in 5 to 30% of typhinifitccted ~ consumption is themain goal for theeradication of possible
individual in the developing world. The World Health Organizationtransmissionroutes of typhoidSalmonellaas well asNTS. This
(WHO) estimates 16 to 17 million cases occur annually, resulting ifmportant measure has beenceessfullyaccomplishedn developel
about 600,000 deaths. The mortality rates differ from region to regiorgountries, such as in Europe and the USA, butimadeveloping and
but can be as high as 5 to 7% despite #eeaf appropriate antibiotic Underdeveloped countries (Clasen et 2007). Besides water,
treatment. On the other hand, nontyphoidal cases account for 13#Imonellaspp. can be found ineariety offoods, predominantly in
billion cases with 3 million deathsTyphoid fever is endemic Poultry, eggs and daingroducts. Proper hanidg and cooking of food
throughout Africa and Asia as well as persists in the Middle Eas@ré meaures proposed twipe outthe bacterial contamination of
some eastern and southern Europeauntries and central and South food. In many countries, food irradiation has been greatpypored
America. In the US and most of Europe, typhoid is predominantly gueto its effectiveness |m_educmg the_rlsk?f fooq contamination.
disease of the returning travel@Pui et al. 2011) Enteric fever is Approved by several public healégencies, including the WHO and
endemic in many regions of the African and Asian continents as weffDC, the technology dbod irradiation is onlynoderatelyutilized in
as countries suchs in Europe, South and Central America, and theSome areas iurope and the USA because of the risk of radioactivity
Middle East. The incidence of enteric fever in the USA and soméOsterhém andNorgan 20@). Vaccination is an effectivmeasure in
European countries is low, with the total number of Salmonella casg¥eventing enteric fever. Inactive parentesatl oral live attenuated
being less than 10 per 100,000 annually. Most of the cases reportedV@ecines are the two types of wawe currently approved for the
these countries are related to travel, with the disease being importgtievention of enteric fevetiowever, these licensed vaccinare
by foreigners or travelers returning from Africa, India or Pakistanlimited to infantsand they are not effective in preventing infections
(Molbak et al. 2002; Cooke et al. 2007Many Asian countries, CcausedyS. Paatyphi and NTS (Lin et al. 2008huet al. 2013.
including China, India, Vietnam, Pakistan and Indonesiae high  Conclusion

incidence ratef enteric fever, exceeding 100 cases per 100,00Galmonellainfection leftovers a difficult public healtbonsternation
populationsannually. Compared to other Asian countries, Pakistarglobaly. There arewo vaccines have been approved in favor of the
and India have the highest incidence rates of 464sés and 214.2 preventionfor enteric fever, butill date no licensed vaccines are
cases per 100,000 population, respectiv@ghiai et al.2008).In presented foB. Paratyphi anahontyphoid Salmonellénfection.
endemic regionsenteric fever occurs more fneently in infants, . ) ) )

preschool and schoalge children(Mweu & English2008 Shuet al. ~ Conflict of Interest: Thereis no conflict of interest.
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