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Aim of the class: To study microbiological diagnosis of enteric fever and pathotyphoids A and B.  

A student should know:

- morphologo-biological properties of typhoid and paratyphoids A and B causative agents.  

- pathogenesis, microbiological diagnosis, the principles of therapy and prophylaxis of intestinal typhoids.  

A student should have the skills:  

- to choose the tested material and method of microbiological diagnosis  of typhoid and paratyphoids A and B depends on stages of pathogenesis. 

- to calculate and estimate the results of IHA test and Vidal reaction for serodiagnosis of intestinal typhoids.  

A student should have the habits:  

- to fill the blanks of the tested material assignments in for microbiological examination.                                                                                                     - to read and estimate the results of microbiological examination.                                

                           MATERIALS FOR PREPARATIONS:        

     Oriententative chart for the study of  materials on the topic, the task for practical work, contents of protocol and a few materials for preparation - see below. 

CONTENTS OF STUDY MATERIAL IN ACCORDANCE WITH TEST QUESTIONS OF THE ORIENTENTATIVE CHART.   

The test questions (1-5) answers of the oriententative chart - look the materials of the lecture “No 22 Salmonella”. 

 6. MICROBIOLOGIC DIAGNOSIS OF INTESTINAL TYPHOIDS.              
     Typhoid fever and paratyphoid infections A and B are acute human infectious diseases attended by bacteraemia, intoxication, and characteristic ulcerousnecrotic demage to the lymphatic apparatus of the small intestine. They can be distinguished by laboratory methods only.

      The laboratory diagnostics of typhoid- paratyphoid infections is based on application of bacteriological, serological and allergic methods of  examination.

     Bacteriological examination is of the key significance in the diagnosis of typhoid- paratyphoid disease a since it allows both isolation and typing of the causative agent.

    The material to be studied for diagnostic purposes may include blood, faeces, urine, bile, secretions from scarified roseolas, and, occasionally, a puncture sample of bone marrow, cerebrospinal fluid, pus from septic foci, necrosisaffected tissues, etc.

    The earliest and most reliable technique of bacterial diagnosis is the isolation of the causal organisms from the blood, the haemoculture method. Salmonellae of typhoid and paratyphoid fevers persist in the blood throughout the febrile period and even during the first days of temperature normalization (particularly in vaccinated subjects with typhoid fever). At an early stage of the disease, the intensity of bacteraemia is higher than at the end of the pyrexial period. This explains why 10 ml of blood is sufficient to perform examination at the onset of the disease, whereas at later stages 15-20 ml of blood is required. The sample of blood aseptically obtained at the patient's bedside is inoculated into 10 per cent bile broth or Rapoport's medium, with the blood-medium ratio being 1:10.

     Rapoport’s medium. 10 per cent bile broth supplemented with 1 per cent of mannitol or 2 percent of glucose, and 1 per cent of Andrade's indicator; a float is placed into the vial with the medium to capture the gas formed.of the medium (it acquires red colour).

    The inoculated vials are incubated at 37(C for 18-24 hrs. Proliferation of salmonellae as a result of mannitol or glucose splitting with the formation of acid is signaled by an alteration in the pH of the medium (it acquires colour). Propagation of paratyphoid salmonellae is accompanied by the formation of gas and acid.    

     Olkenitsky’s medium. 100 ml of meat-peptone agar, 1 g of lactose, 1 g of sucrose, 0.1 g of glucosae, 1 g of urea, 0.02 g of Moor’s salt,  0.003 g of sodium thiosulphate, 0.4 ml of phenol red (0.4 per sent solution); pH 7.2-7.4.

     From enrichment media the material is transferred onto an agar slant or Olkenitsky's medium and into a plate with Endo's medium (the second day of examination). Inoculation into a plate with Endo's medium allows the isolation of a pure culture in cases where the enrichment medium has been contaminated by air flora (nonsterile syringe, inadequate disinfection of the skin prior to blood taking, etc.). The inoculated cultures are examined after 18-24 hour incubation in a heating block. The growth of salmonellae on Endo's medium is characterized by the appearance of colourless lactose-negative colonies.

On Olkenitsky's medium the typhoid salmonellae ferment glucose with the formation of acid (yellowing of the agar column), do not split lactose (the colour of the slanted portion of the agar does not change), and produce hydrogen sulphide (blackening of the medium at the borderline between the agar column and the slanted surface). The  paratyphoid salmonellae ferment glucose with the formation of acid (yellowing) and gas (rupture of the agar column). After the nature of the growth has been evaluated and the purity of the culture determined, it is time to identify the culture. Inoculate the isolated culture (the third day of the investigation) onto Hiss' media and perform the agglutination test with agglutinating adsorbed sera (abdominal typhoid, paratyphoid A, and paratyphoid B), and make wet-mount or hanging drop preparations to estimate motility of the microorganisms.

The haemoculture of the salmonellae of typhoid and paratyphoid fevers may contain the Vi-antigen. If there is no agglutination with 0-sera, introduce Vi-sera or destroy the Vi-antigen. For this purpose, heat the obtained culture at 60 °C for 30 min or at 100 °C for 5 min.

On the fourth day of the study, read changes in the Hiss' media and the final results of the agglutination reaction, and make conclusive report.

The enrichment medium with a blood inoculum is left in the incubator for several days since in some cases propagation of the causative agent in bile media may be slow. Subculturing to an agar slant,Olkenitsky's and Endo's media, is performed every 24-48 hrs over a period of 7 to 10 days.          Fermentative Properties of Some Salmonellae and Escherichia                        Bacteria
	Type of microorganism  
	                     Fermentation
	        Formation

	
	lactose
	glucose
	mannitol
	maltose
	sucrose
	  milk
	   indol
	hydrohen  sulphide

	Salmonella typhi
	  -
	 A
	   A
	  A
	   -
	     -
	      -
	       +

	Salmonella paratyphi A
	  - 
	AG
	  AG
	 AG
	   -
	     -
	      -
	       -

	Salmonella schottmuelleri (paratyphi B)
	  -
	AG
	  AG
	 AG
	  -
	     -
	      -
	       +

	Escherichia coli
	AG
	AG
	  AG
	 AG
	  -
	coagulation
	      +
	       +


    Note: A - acid formation, AG - acid and gas formation.

   Salmonellae may be isolated from the blood in chronic bacteria carriers when they present a dramatic change in immunoreactivity (helminthiasis, malignant tumours, etc.).

  The faeces to be tested are collected in sterile test tubes or jars in an amount of 5-10 g. In taking the material, care should be exercised to exclude the action of disinfectants. The samples are inoculated into one plate with Ploskirev's medium. Salmonellae in the faeces may be found by the direct and indirect immunofiuorescence tests.

      On the second day (following 18-24hour incubation) in a heating block, inspect for colourless, lactose negative colonies, study their morphology and structure, and subculture to Olkenitsky's medium.

      On the third day of investigation, pure culture of the isolated bacteria is transferred onto Hiss' media, and presumptive and then standard agglutination tests are conducted.

      On the fourth day of the investigation, consider changes in the Hiss' media and the agglutination test results, and make the report. Thus, identification of pure culture isolated from faeces (coproculture) does not differ from identification of a haemoculture. 

     To detect possible bacteria carriers, examination is performed in individuals with a history of typhoid and paratyphoid fevers, as well as among the staff of child-caring institutions, food-catering and water supply services. Prior to collection of faeces, those examined are to drink on a fasting stomach 100 ml of 30 per cent solution of magnesium or sodium sulphate that possess bile expelling action. Faecal matter to be tested is collected 24 hours after ingestion of a purgative. Inoculate onto Ploskirev's medium and simultaneously onto an enrichment medium (bile broth, selenite broth,       Kauffmann's medium-tetrathionate, etc.). After a 6 hour incubation, subculture the latter to Ploskirev's medium. Further investigation is conducted in the aforementioned manner.

      Following centrifugation, urine and its deposit are inoculated onto Ploskirev's medium and into bile broth for enrichment. In the presence of the characteristic growth identification is performed, using the same procedure as in the case of a haemo and coproculture.

     Duodenal contents, scraping of roseolas, and section material are studied and identified in the like manner.

     Typing of phages and colicins of Salmonellae isolated from patients and carriers is helpful in establishing the source of contamination.

      In serological diagnosis Widal's reaction is employed. Antibodies to the causative agents of typhoid, paratyphoid A and paratyphoid B fevers can be recovered in the patient's blood serum beginning from the 8th-10-th day of the disease. To perform the Widal test, draw 2-3 ml of blood from a vein or 1 ml of blood from a finger or an ear lobe and obtain serum. Successively dilute the serum in three parallel rows of test tubes from 1:100 to 1:1600 and introduce 0-diagnosticums (usual or erythrocyte ones) of Salmonella typhi into test tubes of the first row, of Salmonella paratyph A into test tubes of the second row, and of Salmonella paratyphi B into test tubes of the third row. 

                   Schematic description of the Widal Reaction    

	    
	                                   Number the test

	     Ingredient
	   1
	   2
	   3
	   4
	    5
	6-serum control
	7- diagnosticum control

	[image: image1.bmp]Isotonic sodium chloride solution, ml
	    -
	   1
	   1
	   1
	    1
	    -
	          1

	Patient’s serum in 1:100 dilution, ml
	   1
	   1
	   1
	   1
	    1
	    1
	          -

	Diagnosticum, drops
	   1
	   1
	   1
	   1
	    1
	    -
	          1

	Serum dilution obtained
	1:100
	1:200
	1:400
	1:800
	1:1600
	1:100
	          -


      The use of 0-diagnosticums makes it possible to reveal 0-antibodies which appear in the blood during the second week of the disease and disappear by the end of the illness. The diagnostic titre of antibodies in the Widal test in nonimmunized subjects is 1:100 and higher.
      Demonstration of the H-antibodies is of no diagnostic value sincethey are detected during convalescence, and also in vaccinated individuals and those with a history of the disease. In some cases 0-antibodies may be recovered in vaccinated persons. Hence, it is necessary that the Widal test be performed over time to look for an increase in its titre.

      If the patient's blood serum agglutinates two or three types of diagnosticums simultaneously, the titre of agglutination should be taken into account. Typically, the specific agglutination occurs at larger and the group one at lower serum dilutions.

      Currently, the onset of antibiotic treatment at early stages of the disease poses difficulty in evaluating the results of the agglutination reaction since the antibody titre in patients is small and cannot be considered diagnostically significant.

      The indirect haemagglutination test with erythrocyte monoreceptor diagnosticums O9
, O12, and Vi is a more sensitive test, yielding positive results in a greater number of cases.

     Antibodies to the 0-antigens are detected beginning from the second week of the disease. Antibodies to the Vi-antigens are recovered at later stages. Vi-antibodies occur most commonly in carriers of Salmonella typhi. To identify bacteria carriers, indirect haemagglutination with demonstration of antibodies belonging to immunoglobulins G is employed (a signal method). For serological diagnostics of typhoid-paratyphoid diseases ELISA, RIA, coagutination test may be used.  

      Examination of water. The causative agents of typhoid and paratyphoid fevers are contained in water in minute quantities. To obviate this problem, one utilizes techniques allowing for their concentration in water. The best of these methods is examination with the help of membrane filters.

      Two litres of water or more is poured through No 2 or No 3 membrane filters. If the water contains a large number of suspended particles which hinder nitration, it is first passed through a No 6 nitrocellulose filter which arrests gross particles. Filters with a deposit are immersed in a bile broth or placed on a bismuth-sulphite agar. After a 6 -10 hour incubation, subculture from the bile broth to Ploskirev's medium. Further procedures are the same as in examination of faeces. After a 48 hour incubation in a heating block, harvest black colonies from the bismuth-sulphite agar and identify them in the way salmonellae are identified.

      Examination of water for the presence of typhoid and paratyphoid phages is employed in cases where bacteria evade detection.

     The sewage is passed through a bacterial filter. Into a sterile Petri dish place 12 ml of the filtrate tested, pour in 15-20 ml of meat-peptone agar cooled to 45 °C, and mix thoroughly. After the agar has solidified, streak (in sectors) cultures of salmonellae causing typhoid, paratyphoid A and paratyphoid B fevers. The appearance of negative colonies confirms the presence of the corresponding phages.

      To examine drinking water, introduce it into a concentrated peptone solution. To 100 ml of the water to be tested add 10 ml of peptone and 5 g of sodium chloride. Place the inoculated cultures in an incubator for 24 hours and then examine the filtrate for the presence of the phage.

      Along with bacteriological and serological methods, an intracutaneous allergy test with the Vi-typhine of typhoid bacteria is used. This test becomes positive during recovery and may be utilized for retrospective diagnosis.     

THE MICROBIOLOGICAL DIAGNOSIS OF TYPHOID (ENTERIC FEveR) AND PARATYPHOID (INTESTINAL TYPHOIDS)

	Oriententative chast for the study of the material on the topic
	Task for practical work 
	Contents of protocol

	1. The general characteristics of the qenus  Salmonella.

2. The morphologo-biological properties of the salmonellae of typhoid and paratyphoids.

3. The antigenic structure of salmonellae . Classification of White-Kauffmann.

4. The epidemiology and pathogenesis of typhoid and paratyphoids.The phases of enteric fever pathogenesis  (digestive, invasion, bacteriaemia, parenchymatic diffusion, excreto-allergic, outcome) and their characteristics.

5. The principles of therapy and prophylaxis of intestinal typhoids.

6. The microbiological diagnosis of intestinal typhoids:

    - bacteriological method (the isolation of haemoculture and      stoolcultures);

      - the serological method (IHA test, Vidal’s test). Diagnosticums. The criterions of serological diagnosis of intestinal typhoids.


	1. To prepare a smear from a culture grown in bile broth, to stain according to Gram, microscopy and sketching.

2. To sub-inoculate from bile broth on Endo’s medium for isolation of a haemoculture.

3. To choose a suspicious colony on an Endo’s medium and  sub-inoculate it on a meat-pepton agar slant.

4. To consider calculate the result of the determination of fermentative activity of salmonellae according to demonstrated set.

5. To make a calculation and estimation of IHA test and Vidal’s test for serodiagnosis of intestinal typhoids.


	 1.  Figure

4.The entry in the table

 5.Conclusion


 

ТABLE  1.  FERMENTATIVE PROPERTIES OF SALMONELLAE

	
	Lacmus milk
	Meat-peptone broth
	Hiss’ media

	Causative agent                                                  
	
	Indol
	H2S
	Lactose
	Glucose
	Маltose
	Маnnitol
	Sucrose

	Salmonella typhi                       
	A
	-
	+
	-
	A
	A
	A
	-

	Salmonella paratyphi  A
	A
	-
	-
	-
	AG
	AG
	AG
	-

	Salmonella schottmuelleri B 
	alkali
	-
	+
	-
	AG
	AG
	AG
	-


A -acid, G- gas,  (+) - formation, (-) absence of formation of indol or hydrogen sulphide

  The causative agent of typhoid Salmonella typhi 

Stained according to Gram

ТABLE 2:    IHA TEST FOR THE DIAGNOSIS OF INTESTINAL TYPHOIDS ( WITH ERYTHROCYTIC DIAGNOSTICUMS)

	No of the test tube
	1
	2
	3
	4
	5
	6(diagnosticum 

control)

	The dilution of Serum
	1 : 100
	1 : 200
	1 : 400 
	1 : 800
	1 : 1600  
	

	О- diagnosticum of typhoid
	
	
	
	
	
	

	Н- diagnosticum of typhoid
	
	
	
	
	
	

	О-diagnosticum of paratyphoid А
	
	
	
	
	
	

	 Н-diagnosticum of paratyphoid А
	
	
	
	
	
	

	 О-diagnosticum of paratyphoid В
	
	
	
	
	
	

	 Н-diagnosticum of paratyphoid В
	
	
	
	
	
	


Calculation: (++++), (+++), (++) - positive reaction, (-) - negative reaction.

CONCLUSION :  Antibodies  to  .......  -diagnosticum of  .............................  were discovered in the titre ................

Reaction positive, negative, doubtful (Strike out the unnecessary)

The results of IHA test  may be, may not the base (strike out the unnecessary) for the diagnosis of ...............................................

TABLE 3: THE SCHEME OF THE PERFORMANCE OF VIDAL’S TEST

	
       No of the test tube

Ingredients
	1
	2
	3
	4
	5
	6

(serum control)
	7

(diagnosticum control)

	Serum of patient ( 1:50) мл
	1,0
	1,0
	1,0
	1,0
	1,0
	1,0 (1:50)
	-

	Isotonic sodium chloride solution
	1,0
	1,0
	1,0
	1,0
	1,0
	-
	1,0

	Diagnosticum ( in drops)
	2
	2
	2
	2
	2
	-
	2

	The dilution of serum
	1 :100
	1 : 200
	1 : 400
	1 : 800
	1 : 1600
	1 : 10
	-

	                                      Calcucalution after incubation at  37 °С:   (++++), (+++), (++) - positive reaction,  (-) - negative reaction

	О-diagnosticum of typhoid
	
	
	
	
	
	
	

	Н-diagnosticum of typhoid
	
	
	
	
	
	
	

	О-diagnosticum of paratyphoid А
	
	
	
	
	
	
	

	Н-diagnosticum of paratyphoid А
	
	
	
	
	
	
	

	О-diagnosticum of paratyphoid В
	
	
	
	
	
	
	

	Н-diagnosticum of paratyphoid В
	
	
	
	
	
	
	



CONCLUSION : In the serum of the patient antibodies to  .....   -diagnosticum of  ............................   are discovered in the titre............................

Vidal’s test is positive, negative, doubtful (strike out the unnecessary).
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Aim of the class: To study the laboratory diagnosis of salmonelloses.   

A student should know:   

- morphologo-biological properties of salmonellae - the causative agents of gastroenterocolitis (salmonelloses);                                                                   - pathogenesis, microbiological diagnosis, the principles of therapy and prophylaxis of salmonelloses.    

A student should have the skills:                                                                    - to choose the tested material and method of microbiological diagnosis of salmonelloses.   

A student should have the habits:                                                                   - to prepare and to stain the smears according to Gram;                                                      - to fill the blanks of the tested material assignments in for microbiological examination.

                          MATERIALS FOR PREPARATION:   

Oriententative chart for the study of materials on the topic, the task for practical work, contents of protocol and a few materials for preparation -see  below.

CONTENTS OF STUDY MATERIAL IN ACCORDANCE WITH TEST QUESTIONS OF THE ORIENTATIVE CART.   

The test questions (1-4) of the oriententative chart - look the materials of the lecture « No 22 Salmonella ».

           5.LABORATORY DIAGNOSIS OF SALMONELLOSES   

     At present, there are over 400 serovars of salmonellae known to be pathogenic for man and capable of inducing acute gastroenteritis.The most important of them are S. typhimurium, S. enteritidis,S. choleraesuis, S. gallinarium, etc. (about 60 serovars).
     The material subject to laboratory examination includes vomited matter, waters from stomach lavage, bile, urine, cerebrospinal fluid, puncture sample of the bone marrow, blood (in the first hours of the disease, for isolating a haemoculture, and then in two weeks, usually after recovery,for demonstrating antibodies). 

      Laboratory diagnosis is carried out with the use of bacteriological, biological and serological methods of examination.

     In food toxi-infections one should examine the remains of the food, foodstuffs from which it has been prepared, washings off from the tables, preparation boards, hands of the catering personnel, etc.

     The material is collected in sterile jars and test tubes in the following amounts: faeces and vomit, 50-100 ml; lavage waters, 100-200 ml; meat and meat products, several pieces weighing about 500 g; semisolid and liquid foodstuffs (cream, milk, etc.), 100-200 ml.

     To identify carriers among the staff of food-catering or child-caring institutions, etc., samples of faeces are collected following the administration of a purgative.

     At autopsy one collects the contents of the stomach and intestines, heart blood, pieces of parenchymatous organs, and mesenteric lymph nodes.   Before being sent to the laboratory, the above materials are packed and sealed. Integrity of the packing or otherwise is noted in a special register.

     Before the examination, material that cannot be inoculated without preliminary treatment (e.g., solid faecal and vomited matter, food remains, etc.) is ground in a porcelain mortar and suspended in isotonic saline.

     The surface of the tested meat, sausage, and cheese is sterilized by applying to it a red hot metallic spatula, and samples are cut from the depth, placed into a porcelain mortar with glass sand, and isotonic salt solution is added.

     Bacteriological examination. To isolate a haemoculture of salmonellae, the blood is introduced into a bile broth.

     The vomit, faeces, section material, pus, cerebrospinal fluid, foodstuffs, and washings off are inoculated into plates with Ploskirev's medium and in enrichment media (bile broth and selenite medium) from which subinoculation is made into Ploskirev's medium in 6-10 hrs. The inoculated cultures are incubated at 37 °C for 24 hrs, after which they are examined, colourless lactose negative colonies are selected and transferred to Olkenitsky's triple sugar medium or to an agar slant to enrich for pure culture. On the third day of the investigation, the isolated pure cultures are identified: they are inoculated into Hiss' cultures and the agglutination test with adsorbed group sera (A, B, C, D, E) is performed.

     If a positive result has been obtained with one of serum groups, one makes the agglutination test with the adsorbed 0-sera typical for the given group and then with monoreceptor H-sera (nonspecific and specific phases) in order to determine the species and serovars of bacteria. For example, if the studied culture has agglutinated with a group B-serum, it is necessary to perform the agglutination test with sera against O4 and O5-antigens, which are typical of this group. If agglutination has been positive, the H-monoreceptor sera are utilized.

     On the fourth day of the investigation, changes in Hiss' media are assessed.

     The causative agents of salmonellal gastroenteritis, similar to the salmonellae responsible for paratyphus A and B, do not ferment lactose and sucrose, split glucose, mannitol, and maltose with the formation of acid and gas, do not form indol and, with minor exceptions, release hydrogen sulphide.      

      Salmonella cultures can most frequently be isolated from patients' faeces, somewhat less commonly, from vomit and stomach washings,and even less often from blood, urine, and bile. The results of bacteriological examination of various biosubstrates are of varying diagnostic significance.

     Isolation of salmonellae from the blood, bone marrow, cerebrospinal fluid, vomit, and waters from the stomach lavage is a definite confirmation of the diagnosis. On the other hand, detection of salmonellae in the faeces, urine, and bile may be related to a bacteria carrier-state. The aetiological role of salmonellae in the development of gastroenteritis is corroborated by an increased titre of specific antibodies in an agglutination reaction with an autostrain.

     Biological examination. Salmonellae of food poisoning, in contrast to salmonellae of paratyphi B are pathogenic for white mice. This property is used for their differentiation.

     On the first day of examination, along with inoculation of the pathological material and food stuffs, white mice are infected per os. One-two days later the mice die of septicaemia. Postmortem examination demonstrates a sharply enlarged spleen and, occasionally, liver, while inoculation of the blood from the heart and samples from the internal organs permits isolation of salmonella culture. 

     The agglutination reaction and indirect haemagglutination test are employed for serological diagnosis. These may be carried out from the first days of the disease and should be repeated in 7-10 days to determine whether the titre of specific antibodies tends to increase. In conducting these tests, salmonellal polyvalent and group (group A, B, C, D, E) diagnosticums (corpuscular and erythrocyte) are utilized.  A two-four-order elevation of the antibody titre is of diagnostic importance. 

THE MICROBIOLOGICAL DIAGNOSIS OF SALMONELLOSES
	Оriententative chart for the study of the materials on the topic
	Task for practical work 
	Contents of protocol

	1. To repeat the material of the previous topic on the microbiological diagnosis of typhoid and paratyphoids.

2. The morphologo-biological properties of salmonellae  - the causative agents of gastroenterocolitis (salmonelloses). Biopathogenicity of salmonellae (pathogenicity for human and for animals).

3. The epidemiology and pathogenesis of food toxiinfections of salmonellae aetiology. The role of preliminary accumulation of salmonellae in food products.

4. Hospital salmonelloses.

5. The principles of therapy and prophylaxis of salmonelloses. 

6. The laboratory diagnosis of salmonelloses, bacteriological, biological (biological test) and  serological methods of diagnosis.
	1.  To study the scheme of the  biological test performance.

2. To prepare a smear from a culture of Salmonella typhimurium and Salmonella enteritidis, to stain according to Gram, microsscopy and sketching.
	 Figure.



     











The causative agent of salmonellosis                                      The causative agent of salmonellosis





   Salmonella typhimurium




Salmonella enteritidis


Stained according to Gram                                              Stained according to Gram      

. SALMONELLA 

Members of the genus Salmonella can cause a variety of diseases, including gastroenteritis and enteric (typhoid) fever. Although Salmonella classification has undergone numerous revisions, currently, all strains affecting humans are grouped in a single species, Salmonella enteritidis, which has approximately 2,500 different serotypes, or serovars, including the clinically significant serotypes Typhimurium and Typhi. Most strains of Salmonella are Lac– and produce acid and gas during fermentation of glucose. They also produce H2S from sulfur-containing amino acids.

A. Epidemiology Salmonella are widely distributed in nature. Serovar Typhi is an exclusively human pathogen, whereas other strains are associated with animals and foods (for example, eggs and poultry). Fecal–oral transmission occurs and Salmonella serovar Typhi may involve chronic carriers. Pet turtles have also been implicated as sources of infection. Young children and older adults are particularly susceptible to Salmonella infection. Individuals in crowded institutions may also be involved in Salmonella epidemics. 

B. Pathogenesis Salmonella invade epithelial cells of the small intestine. Disease may remain localized or become systemic, sometimes with disseminated foci. The organisms are facultative, intracellular parasites that survive in phagocytic cells (Figure 12.6). 

C. Clinical significance

Salmonella infection can cause both intestinal and extraintestinal diseases.

1. Gastroenteritis: This localized disease (also called salmonellosis) is caused primarily by serovars Enteriditis and Typhimurium. Salmonellosis is characterized by nausea, vomiting, and diarrhea (usually nonbloody), which develop generally within 48 hours of ingesting contaminated food or water. Fever and abdominal cramping are common. In uncompromised patients, disease is generally self-limiting (48 to 72 hours), although convalescent carriage of organisms may persist for a month or more. More than 95 percent of cases of Salmonella infection are foodborne, and salmonellosis accounts for approximately 30 percent of deaths resulting from foodborne illnesses in the United States. 

2. Enteric or typhoid fever: This is a severe, life-threatening systemic illness, characterized by fever and, frequently, abdominal symptoms. It is caused primarily by serovar Typhi. Nonspecific symptoms may include chills, sweats, headache, anorexia, weakness, sore throat, cough, myalgia, and either diarrhea or constipation. About 30 percent of patients have a faint and evanescent (transient) maculopapular rash on the trunk (rose spots). The incubation period varies from 5 to 21 days. Untreated, mortality is approximately 15 percent. Among survivors, the symptoms generally resolve in 3 to 4 weeks. Timely and appropriate antibiotic therapy reduces mortality to less than 1 percent and speeds resolution of fever. Complications can include intestinal hemorrhage and/or perforation and, rarely, focal infections and endocarditis. A small percentage of patients become chronic carriers. [Note: Infected gallbladders are the main source of chronic carriage.] Typhoid fever remains a global health problem. In the United States, however, typhoid fever has become less prevalent and is now primarily a disease of travelers and immigrants.

3. Other sites of Salmonella infection: Sustained bacteremia is often associated with vascular Salmonella infections that occur when bacteria seed atherosclerotic plaques. Salmonella can also cause abdominal infections (often of the hepatobiliary tract and spleen); osteomyelitis; septic arthritis; and, rarely, infections of other tissues or organs. Chronic carriage of non-typhoidal serovars may develop, although this is rare. 

D. Laboratory identification In patients with diarrhea, Salmonella can typically be isolated from stools on MacConkey agar or selective media. For patients with enteric fever, appropriate specimens include blood, bone marrow, urine, stool, and tissue from typical rose spots (if they are present). 

E. Treatment and prevention For gastroenteritis in uncompromised hosts, antibiotic therapy is often not needed and may prolong the convalescent carrier state. For enteric fever, appropriate antibiotics include β-lactams and fluoroquinolones (see Figure 12.7). Prevention of Salmonella infection is accomplished by proper sewage disposal, correct handling of food, and good personal hygiene. Two different vaccines are available to prevent typhoid fever: One vaccine is delivered orally and consists of live attenuated Salmonella serovar Typhi. The other vaccine consists of the Vi capsular polysaccharide and is delivered parenterally. Vaccination is recommended for people who travel from developed countries to endemic areas including Asia, Africa, and Latin America.
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