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Nontyphoidal Salmonella are important foodborne pathogens that cause gastroenteritis, bacteremia, and subsequent focal

infection. These hardy bacteria are especially problematic in a wide variety of immunocompromised individuals, including

(but not limited to) patients with malignancy, human immunodeficiency virus, or diabetes, and those receiving corticosteroid

therapy or treatment with other immunotherapy agents. Endovascular infection and deep bone or visceral abscesses are

important complications that may be difficult to treat. The site of infection and the individual’s immune status influence

treatment choices. The harbingers of resistance of nontyphoidal Salmonella to both fluoroquinolones and third-generation

cephalosporins have been reported recently, and such resistance is likely to be a therapeutic problem in the future. The

current report presents a brief overview of the problems and trends associated with salmonellosis that are of interest to the

infectious diseases clinician.

Nontyphoidal salmonellae are important causes of reportable

foodborne infection. Salmonellae are problematic, even in

modestly compromised hosts, as a result of bacteremic spread,

focal infection, and persistence in deep or endovascular sites.

Approximately 45,000 cases and 400–600 deaths have been re-

ported annually to the Centers for Disease Control (CDC; At-

lanta) over the past decade, the tip of a large iceberg repre-

senting an estimated 1–3 million total cases. Salmonellae have

a wide range of hosts and are strongly associated with agri-

cultural products [1]. The increasing centralization and in-

dustrialization of our food supply have enhanced the distri-

bution of these hardy organisms.

BACTERIOLOGY AND NOMENCLATURE: NEW
AND IMPROVED?

Classification and nomenclature of Salmonella species are con-

fusing, even for the enthusiast [2, 3]. DNA hybridization studies

show that medically important Salmonella organisms may be

considered as a single species, known as Salmonella cholerasuis,

that has ∼2500 different serotypes, or serovars, which have
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familiar names (e.g., Salmonella serotypes Typhimurium, Typhi,

or Heidelberg) [2]. The species name S. choleraesuis is con-

fusing, because there is also a Salmonella serotype Choleraesuis,

which is associated with bacteremia. The novel, never previ-

ously used name “Salmonella enterica” has therefore been pro-

posed as a replacement for the name “Salmonella choleraesuis.”

According to this system of nomenclature, “Salmonella typhi-

murium” would be renamed “Salmonella enterica serotype Ty-

phimurium.” Although this proposal was not formally adopted

by the International Committee of Systematic Bacteriology,

these names have become accepted for use by the World Health

Organization and in publications of the American Society for

Microbiology. Most medical laboratories continue to report

clinically familiar names, such as Salmonella typhimurium or

Salmonella serotype Typhimurium. Although Salmonella typhi,

the most frequent causative agent of enteric fever, may be rap-

idly identified (serogroup D; Vi-antigen positive) by use of

commercial agglutination tests in all laboratories, Salmonella

paratyphi and the multitude of nontyphoidal salmonellae are,

variably, members of serogroups B and D and, less frequently,

of serogroups A and C. Final serotyping will often require a

reference laboratory and not be immediately available. Fortu-

nately, clinical decision-making is based primarily on the host,

severity of illness, and antimicrobial susceptibilities, and not

specific serotype.

Identification of Salmonella species in the bacteriology lab-

oratory is not difficult [2]. The best recovery of such species

from fecal samples can be achieved by the use of direct plating



264 • CID 2001:32 (15 January) • FOOD SAFETY

and inoculation of standard enrichment broths. Rectal swabs

are inferior to fecal specimens and are not recommended. Many

selective agar plates are available for Salmonella. Most labo-

ratories use one medium with low selectivity, such as Mac-

Conkey agar, and one with higher selectivity, such as Hektoen

enteric agar or XLD agar; a medium with higher selectivity is

also useful for the identification of Shigella species. Newer,

more-selective chromogenic agars may be useful, but have not

yet made their way into routine clinical use. Less than 1% of

nontyphoidal Salmonella are lactose positive (pink on Mac-

Conkey agar plates, like Escherichia coli), but this is rarely a

problem in the laboratory if one of the aforementioned plates

that look for hydrogen sulfide production by Salmonella is also

used. Salmonellae are facultative anaerobes that grow well both

in bottles of standard, paired automated systems for culture of

blood samples and on culture media routinely used for urine,

tissue, and respiratory cultures.

EPIDEMIOLOGY: THE CHICKEN OR THE EGG
OR ANYTHING ELSE

More than 95% of cases of Salmonella infection are foodborne,

and salmonellosis accounts for ∼30% of deaths resulting from

foodborne illnesses in the United States [1]. After Campylo-

bacter, Salmonella is the most commonly isolated bacterial path-

ogen when laboratory diagnosis of diarrhea is sought. Acqui-

sition of Salmonella from pets (e.g., reptiles and birds), direct

personal contact, nosocomial transmission, waterborne trans-

mission, and contaminated drugs and solutions are less com-

mon modes of transmission. In the late 1990s, S. typhimurium

serogroup B and Salmonella enteritidis serogroup D were the

most frequently isolated serotypes, accounting for ∼50% of

isolates from patients in the United States. Notable recent out-

breaks of Salmonella infection have been linked to eggs, cheese,

dry cereal, ice cream premix, a variety of fresh sprouts, juice,

cantaloupes, and other fresh vegetables. Undercooked eggs have

been linked to sporadic transmission, because Salmonella in-

fection may be passed transovarially from chickens to eggs that

may appear normal to consumers. In 1999, there was a decrease

in the number of S. enteritidis infections (Foodnet, available at

www.cdc.gov/ncidod/dbmd/foodnet/), perhaps as a result of

public awareness about food safety regarding poultry and eggs.

Phage typing and restriction fragment length polymorphism

analyses are useful tools for the study of Salmonella outbreaks.

HOST SUSCEPTIBILITY: INTRINSIC
AND IATROGENIC

Gastrointestinal salmonellosis and its serious sequelae are linked

to a wide variety of illnesses and therapies that affect the body’s

multiple defenses against enteric and intracellular pathogens.

Gastric hypoacidity in infants, in pernicious anemia, or caused

by antacids and H-2 blockers may predispose individuals to

salmonellosis. Risk factors for salmonellosis include extremes

of age, alteration of the endogenous bowel flora of the intes-

tine (e.g., as a result of antimicrobial therapy or surgery), di-

abetes, malignancy, rheumatological disorders, reticuloendoth-

elial blockade (e.g., as a result of malaria, sickle-cell disease, or

bartonellosis), HIV infection, and therapeutic immunosup-

pression of all types. Anatomical disruptions, including kidney

stones and other urinary tract abnormalities, gallstones, ath-

erosclerotic endovascular lesions, schistosomiasis, and pros-

thetic devices, may all serve as foci for persistent Salmonella

infection.

In a recent look at the past decades’ 129 nonfecal isolates of

Salmonella at the Massachusetts General Hospital, Boston

(mostly adults; unpublished data), we found that the most

common risk factors were corticosteroid use, malignancy, and

diabetes (each ∼15%), and HIV, prior antimicrobial agents, and

other immunosuppressive drugs (each ∼10%). Infants may

have prolonged intestinal carriage of Salmonella species and are

at risk of developing CNS infection after bacteremia. The oc-

currence of bacteremia without associated recent gastrointes-

tinal symptoms is ominous and should prompt clinicians to

consider whether an underlying immunosuppressive illness or

anatomical risk factor is present.

GASTROENTERITIS TREATMENT: NO FREE
LUNCH

Enteric infection with Salmonella cannot be reliably distin-

guished clinically from that caused by other enteric bacterial

pathogens, although very bloody diarrhea suggests infection

with Shigella or enterohemorrhagic E. coli (EHEC). Patients

typically present with an acute onset of fever, diarrhea, and

cramping; there is a wide spectrum of severity of illness. The

incubation period is dependent upon the host and inoculum,

but is generally 6–72 h.

Treatment of patients with symptoms of infectious diarrhea

with antimicrobial agents remains controversial. The decision

is complicated by the fact that (1) presenting patients could

have any one of a number of enteric pathogens, so treatment

for severe illness “up front” is usually empiric; and (2) the

long-appreciated but counterintuitive finding that antibiotic

treatment of patients with nontyphoidal salmonellosis may ac-

tually prolong, rather than limit, fecal shedding of these or-

ganisms. It is worth noting that antibiotic treatment of EHEC

may increase the risk of development of hemolytic uremic syn-

drome [4]. Nelson and colleagues’ early study of children with

salmonellosis showed that those who were treated with am-
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picillin or amoxicillin were more likely to have both prolonged

excretion and clinical relapse than were those who were given

placebo [5]. Animal studies support the hypothesis that anti-

biotics do this by suppressing the “protective” effects of en-

dogenous intestinal bacterial flora, which results in recrudes-

cence of the hardy Salmonella species. Many clinicians are not

aware that the median duration of fecal shedding of nonty-

phoidal salmonellae after intestinal infection is ∼1 month in

adults and 7 weeks in children !5 years of age [6].

It was hoped that the fluoroquinolones would prove ideal

for both symptomatic relief and durable eradication of Sal-

monella species from the intestine; unfortunately, these robust

microorganisms have not cooperated. Several double-blind

studies have evaluated the use of oral quinolone therapy for

patients with presumed bacterial gastroenteritis. Studies have

used dosing regimens that vary from single oral doses to 7 days

of therapy [7]. Both immediate treatment and treatment started

after symptoms have been present for at least 3 days have been

studied. In summary, these studies show that quinolone therapy

may modestly decrease the duration of symptoms by !1–3 days

in individuals found to have enteritis caused by Salmonella

species [7]. The clinical significance of this improvement is

uncertain; some studies show that the benefit is greatest for

patients who are more severely ill. These studies also show that

although quinolone therapy rapidly converts the results of stool

cultures to negative immediately after therapy, if patients are

followed longer, there is usually no difference in time to final

stool clearance of Salmonella in placebo versus treated patients.

Some studies have shown that the duration of fecal shedding

is longer in treated patients. Although quinolones do not une-

quivocably prolong carriage of Salmonella organisms, they do

not predictably or consistently shorten it either. Therefore, an-

tibiotic therapy is not routinely recommended for the empiric

treatment of mild to moderate presumed or proven Salmonella

gastroenteritis in healthy individuals.

Antimicrobial therapy should be initiated for those who are

severely ill and for patients with risk factors for extraintestinal

spread of infection (see the risk factors mentioned in the “Host

Susceptibility: Intrinsic and Iatrogenic” section, above), after

appropriate blood and fecal cultures are obtained. Usually, 3–7

days of treatment is reasonable. Neonates !3 months of age

should be treated, and some experts suggest that those !1 year

of age should also be treated. A brief course of “preemptive”

therapy (duration, 48–72 h or until the patient is afebrile) is

also commonly given to patients 150 years of age who may

have underlying atherosclerotic lesions that could be seeded by

bacteremia. Antibiotics may also be useful when rapid inter-

ruption of fecal shedding is needed to control outbreaks of

salmonellosis in institutions [8].

Good drugs for Salmonella infection include fluoroquino-

lones, trimethoprim-sulfamethoxazole (TMP-SMZ), ampicil-

lin, or third-generation cephalosporins (e.g., ceftriaxone, or ce-

fixime if oral drugs are possible). Because resistance to

TMP-SMZ and ampicillin is common, use of a third-generation

cephalosporin or quinolone is reasonable if susceptibilities are

unknown. Fluoroquinolones are not approved by the US Food

and Drug Administration for use in children because of concern

about the adverse effects on cartilage that have been observed

in juvenile animals [9]. However, there is increasing evidence

that these agents may be safely given to children if needed for

serious infections with resistant pathogens, if alternative anti-

biotics cannot be used. Fluoroquinolones are now routinely

given to children for 5–7 days in areas of the world where

multidrug-resistant Salmonella typhi is common [10]. Azith-

romycin and aztreonam are alternative agents that have been

studied, in a limited fashion, for the treatment of both typhoidal

and nontyphoidal salmonellosis, and these drugs may be useful

for patients with multiple allergies or for organisms with un-

usual resistance patterns.

Follow-up fecal cultures are generally not indicated for the

typical patient with uncomplicated intestinal salmonellosis, re-

gardless of the treatment given. Results will frequently be pos-

itive, and they may be intermittently positive (for a detailed

review, see [6]). Therefore, the information is neither com-

pletely reassuring nor of clear utility if the patient is asymp-

tomatic. Because of this, meticulous personal hygiene may be

rationally viewed as the most important part of prevention of

secondary infections. Cessation of diarrhea and good hand

washing practices are appropriate criteria for return of health

care workers to their duties [11]. Follow-up of health care

workers and, more frequently, of food handlers may be prob-

lematic. Local health departments must be consulted, because

local laws must be followed and because such laws may vary

(e.g., a health care worker or food handler may be required to

have 1, or sometimes, 2 negative stool culture results before

being allowed to return to work; these results usually must be

obtained at least 48 h after cessation of antibiotic treatment, if

given). Requirements may differ in an outbreak situation. I

would not routinely treat health care workers or food handlers

differently than other healthy adults, because studies do not

show that routine antimicrobial treatment shortens the dura-

tion of carriage of Salmonella species. Individualized ap-

proaches may occasionally be needed for economic reasons if

an individual is found to be a prolonged asymptomatic excreter

who cannot meet local requirements for return to work.

Chronic fecal carriage of nontyphoidal Salmonella species (du-

ration, 11 year) is rare and occurs less frequently than does

chronic fecal carriage of S. typhi. Management is generalized

from experience with S. typhi, and includes the long-term use

of oral antibiotics and consideration of cholecystectomy.
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BACTEREMIA AND ENDOVASCULAR
INFECTION: SERIOUS COMPLICATIONS

Approximately 5% of individuals with gastrointestinal illness

caused by nontyphoidal Salmonella will develop bacteremia, a

serious and potentially fatal problem. Bacteremia is more likely

to occur in immunologically compromised patients, and these

hosts are also more likely to develop focal infection. A recent

retrospective review of cases of nontyphoidal Salmonella bac-

teremia seen at Children’s Hospital, Boston [12], showed that

approximately 1 in 6 patients had obvious risk factors for sal-

monellosis; it was also noted that 7 of 25 immunocompromised

children developed a focal infection, compared with 5 of 132

children who were not immunocompromised ( ). FocalP ! .01

infections included meningitis, septic arthritis, osteomyelitis,

cholangitis, and pneumonia. There were 5 fatalities, 2 of which

(1.4% of the total number of bacteremias) were directly at-

tributed to Salmonella infection. On the basis of these data, the

authors recommended careful clinical assessment for septic foci,

additional blood cultures, and antimicrobial therapy for all chil-

dren with bacteremia caused by nontyphoidal Salmonella.

In adults, nontyphoidal Salmonella bacteremia is even more

serious. This reflects both the tenacity of the organism and the

comorbidities of people who develop bacteremia; these bac-

teremic patients represent a small percentage of the large num-

ber of people with both overt and subclinical intestinal infec-

tion. In a study from Spain of 172 cases of Salmonella

bacteremia (70% S. enteritidis and 17% S. typhimurium [1982–

1992]), 16% of patients developed septic metastases, and 16%

died [13]. Approximately 17% had a relapse after therapy, and

nearly 60% of those who had a relapse also had AIDS. In the

1990s, at Massachusetts General Hospital, 18% of 45 patients

with nontyphoidal Salmonella bacteremia died.

A feared complication of Salmonella bacteremia in adults is

the development of infectious endarteritis, especially that which

involves the abdominal aorta (the arteritis formerly known as

mycotic). Previously, this was almost uniformly fatal, but a

review of 148 evaluable cases seen from 1948 through 1999

found a 62% survival rate for all patients treated with combined

surgical and medical therapy, and a 77% survival rate for 30

patients who were able to undergo extra-anatomical bypass with

construction of an axillobifemoral graft [14]. Although data

are limited, the prognosis with medical therapy alone is grim,

even with use of “today’s antibiotics.” Use of medical therapy

alone was fatal in all 3 patients described in a Taiwanese series

of 16 patients with pathologically documented Salmonella aor-

titis, most of whom received ceftriaxone [15]. A classic study

published in l978 found that 25% of bacteremic adults 150

years of age, identified on the basis of positive results of blood

cultures, developed arteritis or endocarditis [16], complications

not found in younger subjects. The Taiwanese study published

in l996 found that 35% of bacteremic adults 165 years of age

had aortitis [15]. In the Spanish study noted above, only 1

infected aneurysm (0.6%) was documented, but endocarditis

was not specifically mentioned, and the overall mortality rate

was high. Although advances in diagnostic techniques, surgical

care, and antimicrobial therapy appear to have improved the

survival of patients with the worst complications of nonty-

phoidal Salmonella bacteremia, a cautious approach is still war-

ranted, especially in older patients with comorbidities.

Treatment of Salmonella bacteremia is generally undertaken

with a single bactericidal drug, e.g., ampicillin or a third-gen-

eration cephalosporin, or a quinolone in 2001. Given the re-

sistance trends (see below), life-threatening infections should

be treated with both a third-generation cephalosporin and a

fluoroquinolone until the susceptibilities of antimicrobial

agents are known. If the results of blood cultures are not per-

sistently positive, and if there is no suspicion of endovascular

focus, bacteremia that complicates gastroenteritis can usually

be successfully treated with 10–14 days of therapy. If there is

suspicion of an endovascular focus, additional blood cultures

should be performed, and appropriate imaging forays should

be made (e.g. echocardiography, CT scanning, or arteriography

in some form). Today, arteritis is usually diagnosed preoper-

atively on the basis of CT evidence of inflammation in the

appropriate clinical setting (persistent bacteremia, pain, fever,

and clinical findings suggestive of an expanding or leaking aor-

tic aneurysm). If endocarditis or infectious arteritis is docu-

mented, surgery should be undertaken as soon as possible for

the best chance of achieving a cure.

The often destructive and aggressive course of Salmonella

endocarditis usually requires valve replacement. However, there

are a number of case reports of long-term survival with medical

therapy alone for both native and prosthetic-valve Salmonella

endocarditis [17]. This may be considered for the relatively

unusual, hemodynamically stable patient for whom surgery is

not otherwise reasonable or possible. Antimicrobial therapy for

endovascular infections should be continued for a minimum

of 6 weeks if surgical intervention is successful; many con-

sultants would prescribe some months of suppressive therapy,

even for patients who do well. Years of therapy or even lifelong

suppressive antimicrobial therapy is usually given in cases where

residual organisms may be expected (e.g., when surgery is not

possible, when prosthetic devices or grafts cannot be removed,

or for chronic bone and joint infections).

The choice between a fluoroquinolone and a b-lactam an-

tibiotic for serious endovascular infection is an issue over which

reasonable infectious diseases consultants might disagree, and

one that is not likely to be resolved by head-to-head clinical

studies. There is a longer track record of successful use of high-

dose parenteral ampicillin or third-generation cephalosporins
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[15]. First- and second-generation cephalosporins may appear

to be effective in vitro, but they are not clinically effective and

should not be used. For any suggestion of meningitic or deep

CNS involvement, high-dose ceftriaxone would be the best

choice for optimal penetration of the blood-brain barrier. The

National Committee for Clinical Laboratory Standards defines

“sensitive” Salmonella species as those for which MICs of fluor-

oquinolone are !1–2 mg/mL and those for which MICs of cef-

triaxone are !8 mg/mL, although most susceptible Salmonella

species have MICs that are much lower (usually 20–100-fold

lower). Serum levels of fluoroquinolones that are typically

achieved are 4–6 mg/mL, and those for ceftriaxone (2-g dose)

are 200–250 mg/mL. By extrapolation of data from animal mod-

els of infectious endocarditis, the higher serum levels of ceph-

alosporins relative to minimum bacterial concentrations may

favor the use of cephalosporins for penetration and killing

within vegetations or devitalized tissue. By extrapolation from

studies of Salmonella typhi infection, for which fluoroquino-

lones result in more-rapid and durable clinical responses than

do cephalosporins [18], and from in vitro data, which show

greater penetration of fluoroquinolones into phagocytic cells

where salmonellae persist [19], one might reasonably choose a

fluoroquinolone. The daily or twice-daily oral dosing of the

fluoroquinolones and their safety/tolerability make them ideal

for suppressive therapy in many instances. Many clinicians

might use b-lactams initially, followed by a longer “tail” of oral

fluoroquinolone therapy, when indicated. There are no clinical

data that suggest that combination therapy (e.g., a fluoroquin-

olone plus a third-generation cephalosporin) is more effective

than either single agent.

FOCAL INFECTIONS: PROTEAN AND
PROBLEMATIC

Virtually any anatomical site may be seeded hematogenously

by nontyphoidal salmonellae and may evolve into local infec-

tion, even if the bacteremia is successfully treated. Information

on focal infections and their treatment has been extensively

reviewed and nicely tabulated by Miller and Pegues [11]. Focal

infections should be drained or débrided whenever possible. A

minimum of 2 weeks of antimicrobial therapy is suggested for

the treatment of a surgically eradicated soft-tissue focus in a

normal host. Therapy for 4–6 weeks most often is advisable,

given the known persistence of Salmonella species at compro-

mised sites. Several specific complications merit comment. Os-

teomyelitis and joint infections, which are common in patients

with sickle-cell anemia, are difficult to treat. Failure of fluor-

oquinolones and emergence of quinolone resistance have been

demonstrated in patients with osteomyelitis [20]. Severe, pro-

longed polyarticular reactive joint disease can occur after in-

testinal salmonellosis and is not altered by long-term antibiotic

therapy [21]. Splenectomy may be required for splenic ab-

scesses. CNS infection is fatal in ∼50% of cases. Urinary isolates

of Salmonella are common (they accounted for 50 of 129 ex-

traintestinal isolates found in patients at our hospital in the

l990s). Positive urine culture results may erroneously be at-

tributed to fecal contamination or “urinary tract colonization,”

but they frequently reflect bacteremic seeding and secondary

infection of the urinary tract. Especially in the case of func-

tionally or structurally abnormal urinary tracts, it may be nec-

essary to use longer courses of antimicrobial agents excreted

in the urine (e.g., TMP/SMZ or quinolones) to eradicate these

infections.

HIV INFECTION AND SALMONELLOSIS

In the developing world, HIV infection is a prominent risk

factor for nontyphoidal salmonellosis and bacteremia. In recent

series of HIV-infected African adults with documented blood-

stream infections, nontyphoidal Salmonella were isolated from

up to 35% of adults (mycobacteria were most commonly iso-

lated). Of interest, despite the prominence of bacteremic in-

fection with nontyphoidal Salmonella species in such patients,

there are few series that describe such infection with S. typhi

or S. paratyphi, which are endemic in some areas. This could

be related to (1) the fact that there are many different serotypes

of nontyphoidal Salmonella species, and immunity is at least

partially serotype specific; and (2) the fact that nontyphoidal

Salmonella more vigorously and durably colonize the intestinal

tract than do typhoidal strains, thereby providing more pro-

longed opportunity for dissemination. Dissemination might

also be enhanced by intestinal inflammation resulting from

chronic diarrheal disease, parasitic infection, or suboptimal nu-

trition. It is believed, but it is not well documented, that pro-

longed therapy (duration, 4–6 weeks) of HIV-infected individ-

uals with an initial diagnosis of Salmonella bacteremia may be

helpful in eradicating the organism and preventing relapse. Zi-

dovudine has documented anti-Salmonella activity in vitro, and

this appears to be clinically useful in the prevention of relapse

of infection [22].

ANTIMICROBIAL RESISTANCE: BAD NEWS

In the 1980s, nontyphoidal Salmonella species were fairly “sen-

sitive” organisms. In the l990s, clinical isolates studied at the

CDC showed increasing resistance to ampicillin, chloramphen-

icol, and TMP-SMZ. A remarkable bacterial “success story” of

the l990s was the emergence and worldwide spread of S. typhi-

murium definitive phage type 104 (DT104), which carries chro-

mosomally based resistance to the aforementioned drugs plus

streptomycin and tetracycline (resistance type, ACSSuT [23]).

A l998 report described the US debut of DT104 [24], which
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accounts for ∼8%–9% of Salmonella isolates in the United

States today. As DT104 “took over” in the United Kingdom,

isolates with decreased susceptibility to the fluoroquinolones

(MICs, 10.25 mg/mL) were found. This was linked to the ap-

proval and use of enrofloxacin for veterinary use in Europe.

Several lines of evidence that link antimicrobial resistance of

human isolates with agricultural use of antibiotics are sum-

marized in a recent paper from the CDC [25]. A study from

Denmark in l999 described an outbreak of salmonellosis caused

by multidrug- and quinolone-resistant DT104 linked to a Dan-

ish swine herd. Eleven of 25 patients were hospitalized, and 2

died [26]. The identified strains were resistant to nalidixic acid.

Although they were formally susceptible to ciprofloxacin by

routine clinical testing, the isolates had increased MICs of cip-

rofloxacin (0.064–0.124 mg/mL), compared with strains that

were fully susceptible to nalidixic acid. Clinical data suggested

reduced effectiveness of quinolone therapy in patients with nal-

idixic acid–resistant strains. A study of 11000 stored Salmonella

isolates from Finland has confirmed earlier data that show that

resistance to nalidixic acid by means of disk diffusion is a

sensitive and specific way of screening Salmonella isolates for

reduced susceptibility to fluoroquinolones [27]. Resistance to

nalidixic acid appears to be a predictor of clinical “quinolone

hyporesponsiveness,” and it is a harbinger of bona fide resis-

tance to the clinically useful fluoroquinolones.

The latest bad news is the emergence of Salmonella species

that are resistant to extended-spectrum cephalosporins. The

first US clinical case report described a child with gastroenteritis

caused by S. typhimurium resistant to ceftriaxone and other

extended-spectrum cephalosporins, ACSSuT, aminoglycosides,

and aztreonam [28]. All but one of the resistances to 13 an-

timicrobial agents were carried on a conjugative plasmid (a

genetic element capable of rapid movement into other strains

of Enterobacteriaceae). The child lived on a Nebraska farm,

and the clinical strain was indistinguishable from one that was

isolated from the family’s cattle. Resistance to third-generation

cephalosporins reasonably can be predicted to be an increasing

clinical problem, especially among children, for whom these

agents are the current drugs of choice.

CONCLUSIONS

Salmonellosis in compromised hosts may be severe and can

result in bacteremia and focal infection. Routine antibiotic

treatment of healthy younger adults with mild to moderate

gastroenteritis is not indicated. Salmonella bacteremia, espe-

cially that without gastrointestinal symptoms, merits careful

clinical and microbiological evaluation. Antimicrobial resis-

tance to clinically essential “first-line” drugs is increasing

among Salmonella worldwide. This trend is alarming and is

linked to agricultural uses of antimicrobial agents. These find-

ings highlight the need for judicious use of antimicrobial agents

in all venues, and they strongly argue for continued worldwide

surveillance programs for antimicrobial resistance in important

foodborne pathogens.
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