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 A nonspecific febrile illness caused by 
typhoidal Salmonella

 DDx in any patient with unexplained 
prolonged fever



 The term is sometimes used more broadly to 
refer to a syndrome of 

▪ persistent high-grade fevers 

▪ not caused by Salmonella

▪ often with no localizing features



 Nontyphoidal salmonellosis
 Typhus (rickettisiosis)
 Brucellosis
 Tularemia
 Bartonellosis
 Mellioidosis
 Borreliosis
 Endocarditis
 Malaria
 Babesiosis
 Leishmaniasis
 Trypanosomiasis
 Tuberculosis
 Histoplasmosis/penicillosis



 Salmonella enterica serotype Typhi
 Salmonella enterica serotype Paratyphi A
 Salmonella enterica serotype Paratyphi B
 Salmonella enterica serotype Paratyphi C



 Historically termed “putrid fever” or 
“dothienteritis”

 The name typhoid was coined in 1829 by Pierre 
Charles Alexander Louis
▪ He described the characteristic inflammation of 

Peyer’s patches, intestinal ulceration, and mesenteric 
adenitis

▪ Typhoid = typhus-like 
 William Budd – recognition of the fecal-oral 

transmission in 1839
 Karl Eberth – identified the etiologic agent in 

pathologic specimens and referred to it as 
“Bacillus typhosus”



 “Bacillus typhosus” was first cultured in 1884 
by Georg Gaffky

 The term “paratyphoid fever” was first used 
in 1896 by Raoul Bensaude and Emile Achard

 The role of asymptomatic carriers in the 
transmission of infectious disease was first 
recognized by Robert Koch



 Widal developed the first serologic test for 
typhoid fever in 1896, an agglutination assay 
that detects the presence of antibodies 
against the O and H antigens of S. Typhi

 The first vaccines for typhoid fever were 
killed whole-cell vaccines developed in 1896, 
credit for which is shared by Almroth Wright 
and Richard Pfeiffer



 In the early 20th century, “typhomalaria” or 
“typhomalarial fever” remained an extremely 
common diagnosis



 Salmonella enterica subspecies enterica
 Modified Kauffman and White classification

▪ Based on

▪ O (polysacharide) antigen

▪ H (flagella) antigen

▪ Serogroup – based on O antigen agglutination

▪ Complete serotyping – based on O and H





 Salmonella enterica serotype Typhi
 Salmonella enterica serotype Paratyphi A
 Salmonella enterica serotype Paratyphi B
 Salmonella enterica serotype Paratyphi C



 S. Typhi, S. Paratyphi A, S. Paratyphi B

▪ Human-restricted pathogen

 S. Paratyphi C
▪ Pathogenic for animals and human





 Typhoidal Salmonella enterica
▪ S. typhi and S. Paratyphi
▪ Cause enteric fever in all human hosts

 Nontyphoidal Salmonella enterica (NTS)
▪ Other serotypes
▪ Associated with inflammatory diarrhea
▪ typically self-limited in immunocompetent hosts and 

manifest largely as an inflammatory gastroenteritis
▪ Invasive disease in immunocompromised host

 Clinical distinction is not absolute
▪ S. Typhimurium ST313 illustrates the clinical overlap 

between typhoidal and nontyphoidal S. enterica



 Measures of burden are limited

▪ Absence of surveillance in many regions

▪ Limited sensitivity of diagnostic tests

 South Asia and parts of sub-Saharan Africa

▪ Incidence ~ 1,000 cases per 100,000 person-years

 Northern Africa, South America, SE Asia

▪ Incidence ~ 10 – 100 cases per 100,000 person-years

 High resource settings
▪ Incidence ~ less than 1 cases per 100,000 person-years





 The global burden of typhoid has increased 
significantly

▪ Despite the global burden attributable to many 
intestinal infections has fallen

 S. Paratyphi A is the most common cause of 
paratyphoid fever

▪ ~ 5 million cases of enteric fever annually

 S. Paratyphi B and C remain less  common 
causes of enteric fever globally



 In the preantibiotic era

▪ 10% - 15%  of typhoid fever were fatal

▪ Other cases resolved over 3 – 4 weeks

 In the postantibiotic era

▪ Mortality rate of 0 – 15% (median 2%) in 
hospitalized patients in resource limited settings

▪ Mortality rate of 0.2% in the US



 Chronic carriers  - source of transmission

 S. Typhi and S. Paratyphi A and B

▪ Human restricted

▪ Organisms shed in the stool of infected persons

▪ No known animal reservoirs

 S. Paratyphi C

▪ Human and animals
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 Patients recovering from enteric fever shed 
organisms in the stool during acute illness 
and typically for weeks during convalescence

 A small portion of individuals convalescing 
from typhoid fever develop chronic 
asymptomatic carriage

▪ defined as shedding of the bacteria in stool or 
urine for more than a year

▪ may persist for life



 Up to 5% (in the preantibiotic era) of typhoid 
fever survivors developed chronic 
asymptomatic bacterial shedding in stool

 Gallbladder disease – the major risk factor
 Urinary carriage may also occur

▪ frequently in conjunction with urinary 
schistosomiasis



 Ingestion of fecally contaminated water/food
 S. Typhi

▪ May persist for weeks in water

▪ May persist in contaminated food item

 ID50 is 107 organisms

▪ Fewer than 103 organism may produced disease

 Both waterborne and foodborne transmission 
may contribute to large epidemics



 Direct person-to person transmission appears 
less common

 More than 80% of cases occur in individuals 
with no known contact with an individual 
with symptomatic infection



 In households where multiple cases of 
enteric fever occur

▪ only 20% of those infections shared a common 
bacterial genotype

▪ Suggesting that multiple infections occur through a 
community-based exposure to multiple circulating 
genotypes
▪ rather than through direct person-to-person transmission



 In the US, 80% of cases occur in travelers to 
endemic areas

▪ Many of the remaining non–travel-associated 
cases are traceable to small, local foodborne 
outbreaks and/or a chronic carrier

▪ ~ 1960 to 2000, more than half of foodborne outbreaks 
in the US were linked to an asymptomatic carrier

 Cases of sexual transmission of S. Typhi have 
been documented in men who have sex with 
men



 Consumption of water at work site, non-
boiled untreated spring water, water from a 
non-municipal source, contaminated tap 
water

 Consumption of ice cream, consumption of 
food from outdoor vendor

 high population density
 unsanitary living conditions
 poor hygiene and hygiene practices
 low socioeconomic status



 Chloramphenicol-resistant S. Typhi was first 
reported in 1950
▪ 2 years after the antibiotic was first used to treat 

patients with typhoid fever
 Multidrug-resistant S. Typhi carrying incHI1 

plasmid-mediated resistance to 
chloramphenicol, ampicillin, trimethoprim, and 
sulfonamides became common in the 1980s.

 Nalidixic acid–resistant strains of S. Typhi and S. 
Paratyphi A, with decreased susceptibility to 
fluoroquinolone antibiotics, emerged in the 1990s



 Typhoidal serotypes are able to 

▪ evade the normal host inflammatory response

▪ cause prolonged bacteremia even in 
immunocompetent individuals

▪ typically without overwhelming sepsis or 
pyogenic foci of infection.



 breach the intestinal epithelium in the 
absence of inflammatory diarrhea

 evade detection by host pattern-
recognition receptors

 produce an AB5 bacterial toxin that acts 
through cell-to-cell paracrine signaling 
pathways

 persist and disseminate throughout the 
human host within phagocytic cells



 Typhoidal Salmonella pass though the 
intestinal epithelium through specialized 
microfold cells (M cells) that transport the 
bacteria across the basolateral membrane, 
where they are then phagocytosed by 
macrophages in the intestinal lymphoid

 persist and replicate in an intracellular 
compartment
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(A) The complex membrane 
structure of Salmonella allows it to 
survive until reaching the epithelial 
cell wall of the host in the lower 
intestine. (B) Salmonella then 
translocate across M cells of 
Peyer’s patches or actively invade 
epithelial cells by the secretion of 
effector proteins through the SPI-1 
encoded T3SS-1. (C) (i) After 
crossing the epithelial 
barrier, Salmonella are engulfed by 
proximal macrophages that will 
secrete effector proteins into the 
cytosol of the cell via the SPI-2 
encoded T3SS-2 and prevent fusion 
of the phagosome with the 
lysosome. (ii) Within the 
Salmonella-containing vacuole 
(SCV), Salmonella will proliferate 
resulting in cytokine secretion by 
the macrophage. (iii) Finally, the 
macrophage will undergo 
apoptosis, and Salmonella will 
escape the cell to basolaterally
reinvade epithelial cells or other 
phagocytic cells of the host innate 
immune system.



 Suppression of flagellar protein synthesis, thus 
masking a potent inducer of TLR5 responses

 Synthesis of the Vi capsule that presumably 
masks the detection of lipopolysaccharide (LPS) 
and other outer membrane components

 The genes that repress flagellin biosynthesis and 
are responsible for Vi biosynthesis are encoded 
on the viaB locus located on SPI7, which is 
absent in most NTS



 > 60% of culturable circulating S. Typhi
organisms reside in the intracellular 
compartment
▪ dissemination throughout reticuloendothelial 

tissues via the blood and lymphatic systems

▪ the heaviest burden is established in 
▪ intestinal lymphoid tissue

▪ liver, spleen, gallbladder

▪ bone marrow

 Patients with typhoid fever most often have 
very low-grade bacteremia



 Mean number of culturable bacteria

▪ < 1 CFU/mL of whole blood in adults

▪ ~ 1.5 CFU/mL of whole blood in children

▪ 10 CFU/mL of bone marrow

 Proportion of bacteria in marrow:blood

▪ 5:1 in the first week of illness

▪ 150:1 in the third week of illness

▪ relative clearance of bacteria from peripheral blood but 
persistence in the marrow compartment.



 Initial period of replication and dissemination 
(prepatent phase) lasts 1 – 2 weeks (range 3 –
60 days)

 Ultimately, infection results in the sufficient 
secretion of inflammatory cytokines, 
including pyrogenic cytokines such as TNF-α 
and IL-6, which result in fever

 Septicemia with hypotension, neutrophilia, 
and DIC are extremely uncommon



Early in the course of illness
 Peyer’s patches in the terminal ileum and 

draining mesenteric nodes are enlarged and 
contain infiltrates consisting of mononuclear 
cells, including macrophages and lymphocytes.

As disease progresses
 necrosis of intestinal lymphoid tissue occurs, 

with mixed inflammatory infiltrates, including 
neutrophils and ulceration and sloughing of 
overlying intestinal mucosa





 Intestinal hemorrhage and/or perforation

▪ Major life-threatening complications

 Liver – monocytic infiltrates and foci of 
parenchymal necrosis

 Spleen – nodular monocytic infiltrates in the 
red pulp

 Gallbladder – perforation 
▪ Rare complication





 Untreated typhoid fever 
▪ Fever may persist for up to 4 weeks 

▪ Relapse occurs in up to 10%
▪ Within 2 weeks after initial resolution

▪ Usually due to same strain

 Gallbladder is the primary site of chronic carriage
▪ S. Typhi forms biofilms on cholesterol gallstones

▪ An association between chronic carriage of S. Typhi and 
risk of gallbladder carcinoma has been observed

 Some carriers continue to shed the organism in 
stool even after cholecystectomy



 Progressively increasing fevers over the first
week of illness

 followed by increasing abdominal complaints 
and rash over the second week of illness

 followed by complications, including 
intestinal hemorrhage and perforation

▪ Or gradual resolution in the third and fourth 
weeks of illness



 Nonspecific
▪ paratyphoid fever was considered less severe than 

typhoid fever
▪ Recent comparisons suggest paratyphoid fever caused by S. 

Paratyphi A and typhoid fever are generally indistinguisable
on clinical grounds

 90% are treated as outpatient
▪ Classic descriptions are derived from series of 

hospitalized patients with more severe disease
 Complications usually occur after 2 weeks

▪ May occur within days of onset of fever



Clinical Feature Approximate Frequency

Flu-like symptoms Fever >95%

Headache 80%

Chills 40%

(nonproductive) Cough 30%

Myalgia 20%

Arthralgia <5%

Abdominal symptoms Anorexia 50%

Abdominal pain 30%

Diarrhea 20%

Constipation 20%

Physical finding Coated tongue 50%

(modest) Hepatomegaly 10%

(modest) Splenomegaly 10%

Abdominal tenderness 5%

Rash <5%

Generalized adenopathy <5%
Modified from Magill AJ, Ryan ET, Hill DR, Solomon T, eds. 

Hunter’s Tropical Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013: 568-576. 



 Fever without localizing signs or symptoms

▪ May be the sole manifestation

 The onset of fever may be insidious

▪ Increase over the first week of illness

 Headache, anorexia, myalgias, and malaise 
may precede the onset of fever

 Mild confusion may be seen
 Invasive diarrhea does not typically occur



 Relative bradycardia
▪ pulse-temperature dissociation

▪ Classic sign of enteric fever

▪ May not be a clinically useful predictor
 Rose spots

▪ Classic cutaneous manifestation

▪ 1 – 4 mm blanching pink macules

▪ Most often seen on chest, back, and abdomen 
during the second week of fever

▪ Uncommon in uncomplicated typhoid fever







 Hepatomegaly and splenomegaly

▪ if present, are usually modest

 Coated tongue

▪ A white or yellowish/brown coating of the tongue 
that spares the tongue’s edges is a common 
physical finding





 The majority of patients do not have 
leukocytosis, neutrophilia, or increased 
immature neutrophils
▪ either leukocytosis or leukopenia may be present

 Hematocrit and platelet counts are typically 
normal or slightly low

 Elevated ALT, AST – very common
▪ 2 – 3 times above upper limit of normal
▪ More severe is observe occasionally

▪ If > 500 IU/L – other etiologies??



 Mortality 10% - 15% in the preantibiotic era
 Patients may appear toxic, and 

characteristically would have moderate 
abdominal pain or tenderness, as well as 
constipation or diarrhea

 Intestinal hemorrhage, and perforation
 Severe encephalopathy 
 Seizure
 pneumonia



 Intestinal hemorrhage
▪ Up to 10% of inpatients with severe enteric fever

▪ Usually self-limited
 Intestinal perforation

▪ Up to 3% of hospitalized patient

▪ Major life-threatening complication

▪ the median length of illness preceding perforation 
was 9 days from the onset of fever

▪ Radiographic evidence of pneumoperitoneum
may be present in only 50% of cases.



 Diverse neuropsychiatric manifestations
▪ Encephalopathy

▪ most common among older children and young adults

▪ Transverse myelitis
▪ Meningitis

▪ primarily in infants

▪ Ataxia
▪ Guillain-Barre syndrome

 A history of confusion or an apathetic affect are 
common

 CSF is usually unrevealing, and pleocytosis, if present, 
usually reveals fewer than 35 cells per μL

 Seizures are most common in young children



 Infrequent for enteric fever

▪ Empyema

▪ Osteomyelitis

▪ muscle abscess (particularly involving the psoas),

▪ endovascular infections

▪ endocarditis

 S. Paratyphi C is more likely to cause 
abscesses and focal infections



System Complication Notes

Gastrointestinal Hemorrhage 10%-15% in hospitalized
patient

Perforation 3% in hospitalized patient

Hepatobiliary Jaundice 1% - 3% in hospitalized 
patient

Hepatitis Usually subclinical

Acute cholecystitis Rare, gallbladder may 
perforate

Neurologic Mild encephalopathy Confusion or apathy –
common

Severe encephalopathy Delirium, stupor, or coma

Seizures Common in children < 5y

Meningitis Rare, primarily infants

Guillain-Barre syndrome Reported

Modified from Magill AJ, Ryan ET, Hill DR, Solomon T, eds. 
Hunter’s Tropical Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013: 568-576. 



System Complication Notes

Respiratory Bronchitis Dry cough – common

Pneumonia May be other concominant
bacterial infection

Empyema Rare report

Cardiovascular Myocarditis Usually subclinical

Endocarditis Rare report

Hematologic Anemia Usually subclinical

DIC Usually subclinical

Other Musculoskeletal pyogenic 
infections

Osteomyelitis, psoas 
abscess

Hemolytic uremic 
syndrome

Reported

Miscarriage Reported

Modified from Magill AJ, Ryan ET, Hill DR, Solomon T, eds. 
Hunter’s Tropical Medicine and Emerging Infectious Diseases. 9th ed. Philadelphia: Saunders; 2013: 568-576. 



 Current tests for enteric fever fail to achieve 
an optimal combination of sensitivity and 
specificity

 It is often appropriate to treat patients with 
suspected enteric fever with empirical 
antibiotic therapy



 The diagnosis of enteric fever should be 
considered in any person with fever, 
especially in those with fever lasting longer 
than 3 days and who have had an exposure
in the last 1 to 6 weeks to an area where 
enteric fever is endemic.



Incubation period
 typhoid fever is usually 8 – 14 days 

▪ but this depends on the infective dose

▪ can vary from 3 days to 1 month
 paratyphoid fever is usually 1 – 10 days



 In endemic areas, clinical factors that are 
associated with a higher likelihood of enteric 
fever include 
▪ a temperature greater than 39° C
▪ ill appearance
▪ young age (<5 years)
▪ any abdominal complaints

▪ abdominal pain
▪ Diarrhea
▪ Constipation

 As the duration of fever increases, the likelihood 
of enteric fever increases



 The clinical approach to an individual with 
possible typhoid fever is usually based on 
excluding other possible entities and 
initiation of empirical treatment



 A definitive diagnosis of enteric fever

▪ Blood culture is the most common method

▪ Sensitivity ~ 40 – 80%
▪ Low-grade bacteremia

▪ WHO recommends that cultures be performed using
▪ 10 to 15 mL of blood from schoolchildren and adults

▪ 2 to 4 mL of blood from toddlers and pre–school-aged children

▪ Use a nonselective broth media

 The sole use of Salmonella selective or enriching media, such as 
ox bile medium, is discouraged



 Stool culture

▪ Less sensitive than blood culture

▪ ~ 50% in children

▪ 30% in adult

▪ increase the diagnostic yield over blood cultures alone 
by approximately 5%

▪ WHO recommends the use of greater than 1 g of 
stool and selenite enrichment broth



 Culturing of bone marrow has the highest 
sensitivity of all the culture-based approaches

▪ 80 – 95%

▪ Sensitivity of 1-mL aspirate of bone marrow 
= 15-mL peripheral blood culture in an adult

▪ not clinically practical



 Specimens that may yield growth of S. Typhi
or S. Paratyphi A, B, and C

▪ Urine

▪ duodenal aspirates

▪ skin biopsies of rose spots

 Cultures obtained from intestinal biopsies 
and peritoneal fluid of patients with 
perforation are rarely positive



 Widal test
▪ Depicts agglutinating antiboides against the O and H 

antigen of S. typhi

▪ Was developed > 100 years

▪ problems about sensitivity, specificity, reliability
▪ false-negative may occur early in the course of illness
▪ Overall sensitivity 50-70%

▪ false-positive may result from 
▪ past infection

▪ previous exposure to cross-reactive antigens or vaccination

▪ No universal standard cut-off definition

▪ should rarely, if ever, be used



 IDL Tubex test

▪ a rapid immunochromatographic test

▪ detects IgM Ab to the O:9 antigen

▪ T-cell–independent IgM responses that target S. 
enterica O polysaccharide develop early in the clinical 
course of illness.

▪ O:9 Ag - major antigenic determinant of S. Typhi LPS

▪ Sensitivity ~ 70% - 80%

▪ Specificity ~ 80% - 90%



 Typhidot assay

▪ detects both IgM and IgG to a 50-kDa outer 
membrane protein antigen of S. Typhi

▪ Sensitivity and specificity ~ IDL Tubex test



 Typhoid–paratyphoid diagnostic assay, which 
detects circulating IgA

▪ New test

▪ High sensitivity and sepecificity



 based on nucleic acid detection
 only mixed and limited success
 Reflecting the low-level bacteremia
 action of inhibitors in human blood



 Appropriate antibiotic management 

▪ reduces the mortality rate of enteric fever

▪ from 10% to 15% to less than 1%

▪ Shortens the duration of fever

▪ from 3 to 4 weeks to 3 to 5 days

▪ widespread emergence of antibiotic resistance in 
S. Typhi and S.Paratyphi A



 Original first-line antibiotics
 Widespread resistance emerged in the 1980s

▪ through dissemination of incHI1 plasmids

▪ conferring simultaneous resistance to all three agents

▪ multidrug-resistant (MDR) S. Typhi



 risk of irreversible bone marrow aplasia in up 
to 1 in 10,000 recipients

 no longer routinely used in many areas
 associated with a high relapse rate and risk of 

chronic carriage
 Bacteriostatic agent



 delayed clearance and relapses are common
 Bacteriostatic agent



 The preferred therapy for patients with 
suspected enteric fever
▪ although increasing antimicrobial resistance is 

occurring globally
 Defervescence within 3 to 4 days

▪ similar to the response associated with chloram

▪ more rapid than third-generation cephalosporins
 Lower rates of relapse and carriage

▪ compared with those associated with use of 
chloramphenicol or third-generation cephalosporins



 Resistance to nalidixic acid (a nonfluorinated
quinolone antibiotic) was associated with 
decreased clinical responsiveness to 
fluoroquinolone antibiotics

 Nalidixic acid resistance (NaR) became a 
surrogate marker for predicting clinical failure 
of fluoroquinolones

▪ Even for S. Typhi and S. Paratyphi strains that met 
CLSI criteria for fluoroquinolone susceptibility



 resistance is usually mediated via 
chromosomal mutations

▪ DNA gyrase (encoded by gyrA and gyrB)

▪ topoisomerase IV (parC and parE)

 plasmid-mediated resistance
▪ typically encoded on qnr or aac(6ʹ)-Ib-cr



 3rd generation cephalosporin - The choice for 
empirical treatment of individuals with 
suspected severe enteric fever
▪ The emergence of S. Typhi and S. Paratyphi A strains 

with decreased susceptibility to fluoroquinolones
 Inferior to fluoroquinolones for fully 

fluoroquinolone-susceptible strains
▪ 3rd gen cephalosporins are associated with high 

relapse rates during enteric fever

▪ time to defervescence is longer



 Highly effective and safe in children
 an option for treating patients with enteric 

fever caused by MDR and NaR S. Typhi and S. 
Paratyphi A



 High-dose dexamethasone in cases of severe 
typhoid fever

▪ severe typhoid fever was defined as typhoid fever 
with shock and/or profound encephalopathy 
manifested as delirium or obtundation

▪ 3 mg/kg of dexamethasone administered over 30 
minutes, followed by eight doses at 1 mg/kg every 
6 hours



 Relapse usually occurs within 2 weeks of 
discontinuation of antibiotics

 Isolates typically have the same antibiotic 
susceptibility as during the initial episode

 treating patients with relapsed enteric fever 
is usually the same as for the primary episode



 Chronic carriage is defined as asymptomatic 
shedding of typhoidal S. enterica for > 1 year

 The decision to attempt to eradicate carriage is 
usually based on public health considerations 
and is essential for individuals whose occupation 
involves food handling

 A 28-day course of ciprofloxacin ~ 80% to 90% 
efficacy in eradication of carriage

 Cholecystectomy may be necessary to eradicate 
carriage in individuals with cholelithiasis



 Provision of safe water and adequate 
sanitation

 appropriate facilities for waste disposal and 
sewage treatment

 washing hands with soap before preparing or 
eating food

 avoidance of raw or uncooked foods
 local disinfection of unsafe drinking water



 Heat-phenol–inactivated, whole-cell, killed 
typhoid vaccine

▪ Multiple parenteral administration

▪ short-term protection

▪ High adverse event profile

▪ no longer commercially available



 Capsular polysaccharide vaccine
▪ Typhim Vi (Sanofi Pasteur, Swiftwater, PA)

▪ Vi capsular polysaccharide antigen from S. Typhi
strain Ty2

▪ Single intramuscular administration

▪ 50% to 80% protection against S. Typhi in children 2 
years of age and older

▪ Is not boosted by additional doses

▪ protection wanes rapidly after 2 years
▪ at which point revaccination is recommended if risk is 

ongoing



 Oral live-attenuated vaccine
▪ containing the S. Typhi strain Ty21a
▪ ATB should not be given from 3 days before until 3 days 

after administering a series of Ty21a

▪ a four-dose every-other-day series

▪ Minimum age: 5 years

▪ 50% to 80% protection against S. Typhi

▪ immunity for up to 7 years
▪ revaccination is recommended every 5 years if risk is 

ongoing



 these vaccines are not currently widely used 
in most endemic regions and are more often 
used by travelers to endemic areas

▪ vaccine should be completed at least 7 days 
before travel

 lack of cross-protection against other causes 
of enteric fever, primarily S. Paratyphi A

 Not immunogenic in very young children



 nonspecific systemic illnesses associated with 
fever that lasts longer than a week


