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KEY POINTS

� Life-threatening infections require immediate and aggressive empiric use of parenteral
bactericidal antibiotics.

� The recommended antibiotics are usually broad spectrum, are effective for the presump-
tive bacterial cause, readily achieve bactericidal concentrations at the site of infection,
and are relatively safe to use in high doses.

� Vancomycin is most often used for gram-positive coverage, a carbapenem or piperacillin-
tazobactam for gram-negative coverage, and metronidazole or clindamycin for anaerobic
coverage.
Selecting appropriate antimicrobial agents for treating infections has always been
a difficult task. Unlike selecting drugs to treat other disease processes, there are
more variables to address. Not only does one have to consider the pharmacodynamic
and pharmacokinetic properties of a drug as it relates to the patient to ensure toler-
ance and safety, one must also select an agent that the presumed microbe(s) will
be susceptible to and that will reach the presumed site of infection with a high enough
concentration to at least inhibit further microbial growth.
For treating life-threatening infectious disease emergencies, several properties of

the appropriate antimicrobial agent are necessary. More often than not it will have
to be given parenterally (intravenously or intramuscularly) to ensure 100% absorption
and distribution and have an immediate onset of effect. It should also be bactericidal
at achievable plasma and tissue concentrations to destroy and reduce the microbial
load, rather than bacteriostatic, which only results in inhibition of further growth,
relying on a competent immune system to slow the infectious process.
For the infectious disease emergencies discussed in this article, antimicrobial

agents are recommended based on the presumed causative microorganisms and
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site of infection. Once the microorganism has been cultured and sensitivities reported,
antimicrobial selection can be streamlined to target the pathogen or pathogens.

HEAD AND NECK INFECTIONS
Meningitis

Infections of the central nervous system (CNS) require the maximum doses of sug-
gested antimicrobial agents in order for the agent to penetrate the blood-brain barrier.
Agents such as b-lactam antibiotics and vancomycin penetrate poorly whereas others
such as metronidazole have better bioavailability.1 If meninges are inflamed, there is
usually better penetration into the brain, but this is reduced once the meningitis starts
to resolve. Vancomycin doses must be adjusted to obtain high serum trough levels of
15 to 20 mg/L.2

Empiric antimicrobial therapy for meningitis depends on the age of the patient.
About 80% of cases in children and adults are due to Streptococcus pneumoniae
orNeisseria meningitidis. The third-generation cephalosporins, ceftriaxone or cefotax-
ime, are drugs of choice for meningitis and vancomycin is added in case S pneumo-
niae is highly resistant to the cephalosporins (Table 1). Additional agents must be
given for neonates and patients over 50 years old because of possible infection by Lis-
teria monocytogenes or group B streptococci.3

Brain Abscess

Polymicrobial infections are common in patients with brain abscesses. Aerobic and
anaerobic streptococci such as Streptococcus anginosus along with other anaerobic
bacteria such as Bacteroides fragilis are common causes. Metronidazole as an
antianaerobic agent is usually added to ceftriaxone or cefotaxime because of its excel-
lent penetration into brain abscesses. If the potential source is penetrating trauma or
postneurosurgical procedure, then Staphylococcus aureus (including methicillin-
resistant S aureus [MRSA]) and Pseudomonas aeruginosa need to be considered as
pathogens (see Table 1). Vancomycin would be added and the antipseudomonal
cephalosporins, ceftazidime or cefepime, would be chosen as the cephalosporins.4

Encephalitis

By far themost commoncause of encephalitis is infectionbyherpes simplex virus (HSV).
More than90%ofherpes infectionsaredue toHSV-1and the restbyHSV-2. Intravenous
acyclovir is the drug of choice (see Table 1). Othermore rare viral causes of encephalitis
includeWestNile virusandEasternequineencephalitis virus,whichare arthropod-borne
or arboviruses. At present, no antiviral therapy is available against these viruses.5

Jugular Septic Thrombophlebitis

Also known as Lemierre syndrome, jugular septic thrombophlebitis can be a rare
complication of oropharyngeal or odontogenic infections. The most likely organisms
involved are anaerobic streptococci, Bacteroides species, and Fusobacterium necro-
phorum. Three to 6 weeks of an antipseudomonal carbapenem plus metronidazole or
ampicillin-sulbactam alone are the therapies of choice (see Table 1).6

Upper Airway Obstruction

Suddenobstruction of theupper airway usually is causedbyacute epiglottitis, especially
in children. The most common organism associated with epiglottitis is Haemophilus
influenzae, although S aureus, including MRSA, can also cause it. Because
H influenzae may be ampicillin resistant, ampicillin-sulbactam, ceftriaxone, or cefotax-
ime are recommended along with vancomycin to provide activity against MRSA



Table 1
Empiric treatment of life-threatening head and neck infections

Infection Likely Organism(s) First-Line Agent(s) Alternative Agent(s) if Severe Allergy to First Line

Bacterial meningitis
Age 1 mo to 50 y

Streptococcus pneumoniae,
Neisseria meningitidis

Vancomycin 1 ceftriaxone or
cefotaxime

Vancomycin 1 aztreonam

Bacterial meningitis
Neonate or age >50 y

S pneumoniae, N meningitidis,
Listeria monocytogenes

Vancomycin 1 ceftriaxone or
cefotaxime 1 ampicillin

Aztreonam in place of cephalosporins and TMP-SMX
in place of ampicillin

Brain abscess
Community-acquired

Streptococcus anginosus
Bacillus fragilis

Ceftriaxone or cefotaxime 1

metronidazole
Vancomycin 1 aztreonam 1 metronidazole

Brain abscess
Nosocomial-acquired

S anginosus
B fragilis
Staphylococcus aureus
Pseudomonas aeruginosa

Vancomycin 1 antipseudomonal
cephalosporin 1 metronidazole

Vancomycin 1 aztreonam 1 metronidazole or vancomycin
1 antipseudomonal carbapenem

Encephalitis Herpes simplex virus Acyclovir

Upper airway
obstruction

Haemophilus influenzae
S aureus

Vancomycin 1 third-generation
cephalosporin

Trimethoprim-sulfamethoxazole (TMP-SMX)

Jugular septic
thrombophlebitis

Streptococcus spp
Peptostreptococcus spp
Bacteroides spp
Fusobacterium necrophorum

Antipseudomonal carbapenem 1

metronidazole
or
Ampicillin-sulbactam

Clindamycin
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(see Table 1). For the severe penicillin-allergic patient, either trimethoprim-
sulfamethoxazole or a fluoroquinolone (in adults) may be substituted for the ampicillin-
sulbactam or cephalosporin.7
PULMONARY INFECTIONS
Pneumonia

When selecting antimicrobial agents for life-threatening pneumonia, it is important to
first differentiate between community-acquired (CAP) and hospital-acquired (HAP) or
heath care–associated pneumonia (HCAP). The most common bacterial causes of
severe CAP areS pneumoniae, including drug-resistant strains, and atypical pathogens
such as Chlamydophila pneumoniae, Mycoplasma pneumoniae, and Legionella pneu-
mophila. For this reason the intravenous antibiotic combination of choice is a third-
generation cephalosporin plus the macrolide, azithromycin, for the atypical pathogens.
Respiratory fluoroquinolones (moxifloxacin or levofloxacin) also are usually effective
against these pathogens.8 For severe HAP and HCAP the presumption is that the path-
ogen(s) may include gram-negative bacilli, multiply drug-resistant (MDR) bacteria, or
MRSA. A patient is considered to have HAP if pneumonia occurs at least 48 hours after
admission. HCAP should be considered if the patient has a history of recent hospitali-
zation within 90 days, is a resident of a long-term care facility, has received intravenous
antibiotics, chemotherapy, or wound care within 30 days, or has attended a hemodial-
ysis clinic. Themost prevalent gram-negative organism to consider is P aeruginosa. For
severe pseudomonal infections it is recommended that 2 agents be used, such as an
antipseudomonal carbapenem and fluoroquinolone or the synergistic combination of
an antipseudomonal b-lactam (meropenem, doripenem, cefepime, ceftazidime,
piperacillin-tazobactam) with and aminoglycoside antibiotic. MDR pathogens may
include extended-spectrum b-lactamase (ESBL)-producing bacteria such as Klebsiella
pneumoniae or Acinetobacter species, which are resistant to cephalosporin antibiotics.
Therefore for severe HAP or HCAP it is recommended that an antipseudomonal ceph-
alosporin or carbapenem (meropenem or doripenem) be used with an additional anti-
pseudomonal fluoroquinolone (ciprofloxacin or levofloxacin). If MRSA is suspected,
vancomycin or linezolid should be added (Table 2). Although bacteriostatic, linezolid
may be preferred because of its better lung-tissue penetration than vancomycin.9

Empyema

Empyema is an infection of the pleural space with pus and is usually a result of pneu-
monia. Pathogens associated with empyema include the same aerobic bacteria that
cause pneumonia along with anaerobic bacteria such as B fragilis, Prevetella species,
and Fusobacterium nucleatum. In previously healthy individuals the most common
aerobic bacteria include S pneumoniae, Streptococcus pyogenes, and S aureus,
including MRSA. Also to be considered is S anginosus, which is present in the oral
cavity and gastrointestinal tract. Once drainage of the pleural space is performed,
many antibiotics are available that readily penetrate the pleural space and are bacte-
ricidal for the most likely pathogens that cause empyema. Single agents would include
piperacillin-tazobactam or a carbapenem. Double therapy would include a ceftriaxone
or cefotaxime plus either metronidazole or clindamycin (see Table 2). Vancomycin or
linezolid could be added if MRSA is a possible cause.10

Lung Abscess

Lung abscesses can occur as a complication of aspiration pneumonia and are due to
the same bacteria that cause this particular pneumonia, usually anaerobic bacteria



Table 2
Empiric treatment of life-threatening pulmonary infections

Infection Likely Organism(s) First-Line Agent(s)
Alternative Agent(s) if Severe Allergy to
First Line

Pneumonia community-
acquired (CAP)

Streptococcus pneumoniae,
Legionella pneumophila,
Mycoplasma pneumoniae,
Chlamydophila pneumoniae

Ceftriaxone or cefotaxime 1 azithromycin Moxifloxacin or levofloxacin (also
considered first-line agents)

Pneumonia HAP or
HCAP

S pneumoniae, Klebsiella pneumoniae,
Pseudomonas aeruginosa,
Acinetobacter spp, MRSA

Cefepime or ceftazidime 1 ciprofloxacin 1/�
vancomycin

Meropenem or doripenem 1

gentamicin 1/� linezolid

Empyema S pneumoniae Streptococcus pyogenes,
Streptococcus anginosus,
Staphylococcus aureus, anaerobes

Piperacillin-tazobactam or carbapenem
or ceftriaxone/cefotaxime 1

metronidazole

Fluoroquinolone 1 clindamycin

Lung abscess Mouth flora anaerobes including
Fusobacterium spp, Prevatella spp,
and Peptostreptococcus spp

Ceftriaxone or cefotaxime 1 clindamycin
or ampicillin-sulbactam alone

Moxifloxacin

Adult respiratory
distress syndrome

See sepsis guidelines
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from the oral cavity. Initially a lung abscess is presumed to be polymicrobial and is
treated with the combination of ceftriaxone or cefotaxime plus clindamycin (see
Table 2). Metronidazole, although generally a very effective antianaerobic agent, is
specifically inferior for gram-positive anaerobic mouth flora. A parenteral b-lactam
plus a b-lactamase inhibitor such as ampicillin-sulbactam or piperacillin-tazobactam
can also be used.11 Alternatives for this polymicrobial infection could include a carba-
penem or respiratory fluoroquinolone with anaerobic activity such as moxifloxacin.12

Adult Respiratory Distress Syndrome

Among other conditions, adult respiratory distress syndrome may be precipitated by
a sepsis syndrome, either as a result of severe pneumonia or infection from an extrap-
ulmonary source. Antimicrobial treatment guidelines for sepsis should be followed.
CARDIAC INFECTIONS
Endocarditis

Infective endocarditis is defined as infected vegetations on the heart valve composed
of layers of fibrin, platelets, and bacteria. This resulting tough fibrin mesh lacks vascu-
lature and impairs host response as leukocytes and complement are unable to reach
the encased bacteria. Therefore, bacteria can continue to multiply with inoculum
counts reaching as high as 109 to 1010 cfu/mL. Just as leukocytes cannot readily
penetrate this fibrin mesh, antibiotics also find it a formidable barrier.13 Treatment
of infective endocarditis requires high doses of intravenous bactericidal antibiotics
for an extended period of time, many times in synergistic combination, for a more
rapid and reliable killing effect. Presumptive therapy is necessary for initial treatment
in life-threatening situations, but the ultimate selection of antibiotics depends on
blood culture results and subsequent antimicrobial susceptibility tests. Quantitative
minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) determinations may be needed if the infection is due potentially to
antibiotic-resistant isolates. Most cases of native valve infective endocarditis are
due to either streptococci or staphylococci. S aureus is the leading single bacterial
cause of acute infective endocarditis. Choice of therapy depends on whether the
infecting organism is a penicillin-sensitive streptococcus (MIC �0.125 mg/L) such
as viridans group streptococci or Streptococcus bovis, a penicillin-tolerant strepto-
coccus (MIC >0.125 to �0.5 mg/L), or a penicillin-resistant enterococcus or staphy-
lococcus, including MRSA (Table 3). Viridans streptococci are usually mouth flora
and include Streptococcus mitis, Streptococcus mutans, Streptococcus salivarius,
Streptococcus sanguis, and the Streptococcus intermedius group (S intermedius,
S anginosus, and Streptococcus constellatus). Enterococcus must always be treated
with 2 antibiotics, as no single agent is bactericidal for this organism. Duration of
treatment should always be counted from the time of the first negative blood culture.
The initial therapy for prosthetic valve endocarditis is similar to native valve endocar-
ditis. The most reliable initial antibiotic combination, pending blood culture results, is
vancomycin plus gentamicin. Piperacillin-tazobactam, ceftazidime, cefepime, or
ciprofloxacin should be added for gram-negative coverage, including P aeruginosa,
in patients with early prosthetic valve endocarditis.14

Pericarditis and Myocarditis

Pericarditis and myocarditis refer to inflammatory processes of the pericardium and
myocardium, respectively, which can ultimately lead to heart failure. Viruses seem
to be the most likely cause of these inflammatory disorders, but there are few antiviral



Table 3
Infective native valve endocarditis

Documented Infecting Organism First Line Agent(s)
Treatment
Duration

Alternative
Agent(s) if
Severe Allergy
to First Line

Viridans streptococci/
Streptococcus bovis with
penicillin MIC �0.12 mg/L

Penicillin G or
ceftriaxone

4 wk Vancomycin

Viridans streptococci/S bovis
with penicillin MIC >0.12 mg/L
and �0.5 mg/L

Penicillin G or
ceftriaxone 1

high-dose
gentamicin

4 wk
2 wk

Vancomycin

Viridans streptococci/S bovis with
penicillin MIC >0.5 mg/L

See ampicillin-resistant
enterococcal
endocarditis

— —

Methicillin-sensitive
Staphylococcus spp

Nafcillin 1/� low-dose
gentamicin

6 wk/3–5 d Vancomycin 1/�
low-dose
gentamicin

Methicillin-resistant
Staphylococcus spp

Vancomycin 6 wk Daptomycin

Enterococcus spp susceptible to
ampicillin

Ampicillin 1 low-dose
gentamicin

4–6 wk Vancomycin 1

low-dose
gentamicin

Enterococcus spp resistant to
ampicillin

Vancomycin 1 low-dose
gentamicin

6 wk Daptomycin
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therapies available. In rare cases where the specific etiologic agent has been identi-
fied, such as tuberculosis or human immunodeficiency virus, targeted antimicrobial
therapy can be initiated. However, in most cases supportive care is the treatment of
choice along with immunosuppressive therapy where appropriate. When a bacterial
cause is likely or documented, antimicrobial therapy is similar to that of infective
endocarditis.15
INTRA-ABDOMINAL AND PELVIC INFECTIONS
Acute Peritonitis and Intra-Abdominal Abscess

Peritonitis can develop secondary to perforation of the gastrointestinal tract and
spillage of bacterial contents into the peritoneum. The resulting infection is usually pol-
ymicrobial and the probable infecting organisms are determined by the site of the
perforation along the gastrointestinal tract. The upper intestine usually contains rela-
tively few oral gram-positive microorganisms such lactobacillus and streptococci.
The ileum contains a much higher concentration of enteric gram-negative bacteria,
such as Escherichia coli, gram-positive bacteria such as Enterococcus, and an equal
number of obligate anaerobes such as B fragilis. The colon has, by far, the highest
concentration of bacteria (1011 cfu/mL) leading to a high incidence of serious intra-
abdominal infection if perforation occurs. Hundreds of bacterial species can be
present, and anaerobes outnumber aerobic bacteria by a factor of 1000 to 1.16 Treat-
ment of acute secondary peritonitis therefore must be directed at gram-negative
bacteria and anaerobes. Although Enterococcus species may be present, antibiotics
without enterococcal activity, such as cephalosporins and fluoroquinolones, still
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appear to be effective. The selection of antibiotics is further determined by whether the
infection is community-acquired or health care–acquired (usually as a result of surgical
intervention and presumably due to more resistant organisms) (Table 4). Intra-
abdominal abscess may occur as a complication of peritonitis; however, the bacteri-
ology is the same. Because antibiotics may not penetrate abscesses very well and
there are very high concentrations of bacteria, drainage of the abscess is necessary
for antibiotics to be effective.17

Cholecystitis and Cholangitis

Cholecystitis and cholangitis usually result from obstruction in the gallbladder or
common bile duct, respectively. The most common pathogens associated with chole-
cystitis are E coli, Klebsiella species, and Enterococcus species. Cholangitis may, in
addition, be caused by Enterobacter species and anaerobes. For severe biliary tract
infections, empiric antibiotic therapy should cover enteric gram-negative organisms
and anaerobic bacteria (see Table 4). If health care–associated, coverage should be
expanded to include Enterococcus species.17

Pyelonephritis and Perinephric Abscess

Acute pyelonephritis with potentially life-threatening bacteremia requires empiric
broad-spectrum intravenous antibiotic therapy. If community-acquired, a fluoroquino-
lone, piperacillin-tazobactam, or a third-generation cephalosporin may be used. If
a Gram stain shows gram-positive cocci, vancomycin should be added for potential
MRSA (see Table 4). Moxifloxacin should not be used because it is not renally elimi-
nated. Also, if the patient is pregnant, fluoroquinolones are contraindicated. If it is
a health care facility–acquired infection, alternative broad-spectrum agents may be
needed based on the prevalence of antibiotic-resistant organisms.18,19

A perinephric abscess can be a rare complication of a urinary tract infection, and up
to 25% of cases may be due to multiple bacterial species. Percutaneous aspiration
and drainage will help determine the causative organisms and thus guide antibiotic
therapy. Trimethoprim-sulfamethoxazole (TMP-SMX) and fluoroquinolones may be
able to better penetrate the abscess site than other antibiotics.19

Infectious Colitis

There are several bacterial causes of severe, life-threatening colitis and diarrhea, each
of which requires a different antimicrobial approach for treatment (see Table 4). Infec-
tion due to Clostridium difficile, a spore-forming bacteria, is associated with exposure
to health care environments, previous antibiotic use, or both. For severe infection oral
vancomycin, which is nonabsorbable, is the treatment of choice. Intravenous metro-
nidazole may also be added, although supporting data are lacking. Intravenous van-
comycin is ineffective and oral metronidazole is the treatment of choice for milder
disease. Several new antibiotics, such as rifaximin, fidaxomicin, and tigecycline, are
now available for treating recurrent infection unresponsive to the agents of choice.20

Complicated nontyphoidal Salmonella infections can usually be treated with a fluo-
roquinolone or TMP-SMX. However, if life threatening, a third-generation cephalo-
sporin should be added to intravenous fluoroquinolone until susceptibilities are
known.21

Shigellosis (bacillary dysentery) can be treated with a fluoroquinolone, such as
ciprofloxacin, or azithromycin. TMP-SMX should not be used any longer because of
the development of widespread resistance.21

Campylobacter jejuni gastroenteritis secondary to ingesting undercooked food is
usually self-limiting. However, in high-risk individuals, antibiotics are recommended.



Table 4
Empiric treatment of serious intra-abdominal and pelvic infections

Infection Likely Organism(s) First-Line Agents
Alternative Agent(s) if
Severe Allergy to First Line

Secondary peritonitis and
intra-abdominal abscess
(community-acquired)

Enteric gram-negative bacteria
(Escherichia coli, Klebsiella spp,
Proteus spp) Anaerobic bacteria
(Bacteroides spp)

Piperacillin-tazobactam or
antipseudomonal carbapenem

Levofloxacin or aztreonam 1

metronidazole

Secondary peritonitis and
intra-abdominal abscess
(health care–associated)

Above organisms 1 Pseudomonas
aeruginosa and/or Staphylococcus
aureus

Above agents 1 aminoglycoside and
vancomycin

Above agents 1 aminoglycoside
and vancomycin

Cholecystitis and cholangitis Enteric gram-negative bacteria,
Enterococcus spp, anaerobic bacteria

Piperacillin-tazobactam or
carbapenem

Levofloxacin or aztreonam 1

metronidazole

Pyelonephritis Enteric gram-negative bacteria Levofloxacin or ciprofloxacin,
piperacillin-tazobactam, or
ceftriaxone

Aminoglycoside

Perinephric abscess Enteric gram-negative bacteria Levofloxacin or ciprofloxacin TMP-SMX

Infectious colitis Clostridium difficile Oral vancomycin 1/� intravenous
metronidazole

Rifaximin or fidaxomicin

Salmonella (nontyphoid) Fluoroquinolone 1 ceftriaxone TMP-SMX

Shigella Fluoroquinolone Azithromycin

Campylobacter jejuni Azithromycin Fluoroquinolone

Yersinia enterocolitica Fluoroquinolone Azithromycin
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The macrolide azithromycin is the agent of choice. Erythromycin and clarithromycin
can also be used, but this increases the risk of metabolic interactions with drugs
that inhibit or are metabolized by the cytochrome P450 3A4 enzyme. Fluoroquinolones
are now considered alternative agents because there is a high level of C jejuni resis-
tance to this class of drugs, attributed to its widespread use in the food animal
industry.21

Yersinia enterocolitica is a zoonotic infection of rodents, birds, and other wild
animals. The organism is transmitted to humans by fleas, and in the resulting infection
symptoms of fever, diarrhea, and abdominal pain resemble acute appendicitis. Antibi-
otics of choice include fluoroquinolones and azithromycin.21

E coli serotype O157:H7 is an enterohemorrhagic E coli strain (EHEC) that produces
a Shiga toxin associated with several severe complications including hemorrhagic
colitis, hemolytic uremia syndrome, and thrombotic thrombocytopenic purpura. This
EHEC strain is usually consumed in undercooked beef products. The role of antibiotic
treatment of E coli 0157:H7 remains controversial, and currently no particular antibi-
otic is recommended. In fact antibiotic treatment may lead to complications such as
hemolytic uremic syndrome.22
NECROTIZING SOFT-TISSUE INFECTIONS
Necrotizing Fasciitis

Necrotizing fasciitis is a rapidly developing inflammation and infection of both super-
ficial and deep fascia, which can quickly progress to septic shock. A wide variety of
bacteria can potentially release toxins that cause necrosis, requiring empiric broad-
spectrum antibiotic coverage until Gram stain and culture can help narrow the micro-
biological etiology. Along with immediate surgical debridement, initial empiric therapy
with vancomycin plus a carbapenem is indicated to cover for gram-positive organ-
isms, gram-negative Enterobacteriaciae, and B fragilis.23 Virulent strains of Group A
B-hemolytic Streptococcus are associated with a so-called flesh-eating necrotizing
infection. High-dose penicillin G plus clindamycin is indicated for this particularly grue-
some disease (Table 5). The clindamycin is added for its ability to reduce the produc-
tion of bacterial toxins.

Clostridial Myonecrosis

Necrotizing infections involving the muscle are termed myonecrosis. Myonecrosis
caused by Clostridium perfringens, a gram-positive bacillus, is also known as gas
gangrene and is a very painful infection secondary to gas in the wound. Penicillin G
Table 5
Life-threatening necrotizing soft tissue infections

Infection Likely Organism(s) First-Line Agents

Alternative Agent(s)
if Severe Allergy to
First Line

Necrotizing
fasciitis

Unknown Carbapenem or piperacillin-
tazobactam 1 vancomycin 1

clindamycin

Fluoroquinolone 1

vancomycin 1

clindamycin

Group A b-hemolytic
Streptococcus

Penicillin G 1 clindamycin

Clostridial
myonecrosis

Clostridium perfringens Penicillin G 1 clindamycin Clindamycin or
metronidazole
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is the antibiotic of choice, after the diagnosis is confirmed, given along with parenteral
clindamycin.24 Those with a severe penicillin allergy history may be treated with clin-
damycin or metronidazole alone (see Table 5).

SEPSIS SYNDROME
Bloodstream Infections

Sepsis syndrome is a life-threatening condition secondary to infection and conse-
quent end-organ dysfunction, hypotension, and hypoperfusion. In addition to
supportive measures, immediate administration of appropriate antimicrobial agents
is vital to prevent progression to septic shock and death. It is estimated that for
every hour of delay in giving parenteral antibiotics, survival decreases by 8%. The
choice of antibiotics for sepsis syndrome depends on the presumed source of the
infection, causative organism, and the immune status of the patient. After blood
cultures are obtained, a broad-spectrum bactericidal parenteral agent such as
piperacillin-tazobactam or a carbapenem, plus vancomycin for gram-positive
coverage, should be started.25,26 Therapy can then be guided by culture results
and susceptibility testing (Table 6). If sepsis occurs in a neutropenic patient or if
P aeruginosa is a suspected cause, an aminoglycoside should be added for syner-
gistic effect. If sepsis occurs after broad-spectrum antimicrobial therapy, a fungal
organism, such as Candida, may be the cause and a parenteral antifungal agent
should be considered.

Device-Related Infections

Device-related sepsis syndrome can be secondary to peripheral and central intrave-
nous catheters, tunneled catheters, implanted ports, and arterial lines. S aureus and
coagulase-negative staphylococcal organisms account for 70% to 90% of these
infections. Gram-negative bacteria and fungal organisms are also implicated. There-
fore, until culture results are available a broad-spectrum bactericidal agent for
gram-negative coverage should be started along with vancomycin (see Table 6).25

TRAVEL-RELATED INFECTIONS
Malaria

For both chloroquine-sensitive and resistant Plasmodium species, quinidine gluco-
nate is the only parenteral agent for severe malaria that is approved by the US Food
and Drug Administration. Intravenous quinine is available outside the United States.
If quinidine gluconate is not available, parenteral artemisinin derivatives are available
from the Centers for Disease Control and Prevention (CDC) (Table 7).27 Oral antibiotics
such as doxycycline or clindamycin should be added when tolerated.
Table 6
Sepsis syndrome

Source First-Line Agents
Alternative Agent(s) if
Severe Allergy to First Line

Unknown Piperacillin-tazobactam or
carbapenem 1 vancomycin

Fluoroquinolone 1 vancomycin

Neutropenic Piperacillin-tazobactam or
carbapenem 1 aminoglycoside 1

vancomycin

Fluoroquinolone 1 aminoglycoside 1

vancomycin

Device-related Piperacillin-tazobactam or
carbapenem 1 vancomycin

Fluoroquinolone 1 vancomycin



Table 7
Travel-related severe infections

Infection Likely Organism(s) First-Line Agent(s)
Alternative Agent(s) if
Severe Allergy to First Line

Malaria Plasmodium spp Intravenous quinidine
gluconate

Artemisinin derivatives
(from CDC)

Dengue fever Flavivirus Symptomatic treatment
only
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Dengue Hemorrhagic Fever

Dengue and dengue hemorrhagic fever are viral illnesses caused by several Flavivirus
serotypes and transmitted by the mosquito, Aedes aegypti. There is currently no
known antiviral therapy, and treatment is symptomatic.

POTENTIAL MULTIDRUG-RESISTANT ORGANISMS AND ANTIMICROBIAL AGENTS OF
CHOICE
Streptococcus pneumoniae

S pneumoniae (pneumococcus) is a common bacterial cause of CNS and respiratory
infections. Resistance in pneumococcus is defined by its susceptibility to penicillin. In
2008, the Clinical Laboratory and Standards Institute revised susceptibility break-
points to penicillin for meningitis and nonmeningeal infections. For meningitis, peni-
cillin breakpoints are 0.06 mg/L and 0.12 mg/L for sensitive and resistant strains,
respectively. For nonmeningeal infections, breakpoints are 2 mg/L, 4 mg/L, and
8 mg/L for sensitive, intermediate, and resistance strains, respectively.28 Using these
new breakpoints it has been estimated that, for non-CNS infections in the United
States, 65% of pneumococci are sensitive to oral penicillin and 93% are sensitive
to parenteral penicillin or oral amoxicillin. For meningitis, 65% of pneumococci are
susceptible to parenteral penicillin. However, these rates may vary considerably
depending on locality. As pneumococcus acquires resistance to penicillin, it also
becomes resistant to other common non–b-lactam antibiotics such as macrolides,
doxycycline, clindamycin, and TMP-SMX. Most isolates remain sensitive to the respi-
ratory fluoroquinolones, and all are susceptible to vancomycin.29

Staphylococcus aureus

S aureus is a common bacterial cause of skin and soft-tissue infections and sepsis. It
is now estimated that 50% to 60% of S aureus infections are due to methicillin-
resistant strains. By definition, all MRSA infections are resistant to b-lactam and car-
bapenem antibiotics. Antimicrobial susceptibility of MRSA depends on whether it is
community-acquired (CA) or health care–acquired (HA), 2 phenotypically and geno-
typically distinct strains. It is essential that culture and sensitivity testing be done for
all suspected MRSA infections. Most CA-MRSA strains carry the Panton-Valentine
leukocidin gene, which encodes for a cytotoxin that is associated with purulent skin
and soft-tissue infections and severe necrotizing pneumonia. Although resistant to
b-lactams, CA-MRSA is usually susceptible to such common antibiotics as TMP-
SMX, clindamycin, and doxycycline. Infections attributable to HA-MRSA, on the other
hand, are resistant to most common antibiotics and the drug of first choice is paren-
teral vancomycin. Linezolid, a bacteriostatic agent that is available in both parenteral
and oral dosage forms, is an alternative but expensive choice for both strains of
MRSA. Other new alternative parenteral agents include daptomycin, tigecycline,
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and ceftaroline. These antibiotics may take on greater importance as vancomycin
intermediate-resistant and fully-resistant strains become more prevalent.30,31

Enterococcus

Enterococcus is part of the normal gastrointestinal flora and occasionally may
contribute to intra-abdominal, biliary tract, or urinary tract infections. For life-
threatening enterococcal infections, such as endocarditis, it is necessary that 2 anti-
biotics be administered to achieve a bactericidal killing effect; this usually consists of
a b-lactam or vancomycin combined with an aminoglycoside. Unlike with other bacte-
rial species, there is no single antibiotic that is bactericidal against Enterococcus.
Penicillin-susceptible strains can be treated with ampicillin or piperacillin, with vanco-
mycin being used for patients with severe penicillin allergy. Cephalosporins have very
weak or no activity. Some Enterococcus species, particularly Enterococcus faecium,
are now resistant to penicillin, ampicillin, and vancomycin (vancomycin-resistant
enterococcus or VRE). For these strains options include linezolid, daptomycin, or
tigecycline.32

Pseudomonas aeruginosa

P aeruginosa is an opportunistic organism that easily colonizes moist surfaces and is
usually associated with nosocomial bacterial infections. Several broad-spectrum
b-lactam antibiotics have been developed over the last several decades specifically
with activity against P aeruginosa. These agents include piperacillin-tazobactam,
the cephalosporins ceftazidime and cefepime, and the carbapenems imipenem, mer-
openem, and doripenem. For infections such as bacteremia and pneumonia, the high-
est doses recommended should be used in order for serum and tissue levels of
antibiotic to be above the MIC for more than 50% of the time. Initial treatment with
an antipseudomonal b-lactam and fluoroquinolone or aminoglycoside improves the
likelihood that one or the other antibiotic class will be effective until sensitivity results
are available. There is still controversy regarding whether to continue high-dose
aminoglycoside therapy for a synergistic bactericidal effect. Multiresistant strains are
now emerging that will not respond to b-lactam, fluoroquinolone, or aminoglycoside
therapy. In such cases old antibiotics such as colistin and polymyxin are being tried.33

MONITORING PARAMETERS FOR SELECTED ANTIMICROBIAL AGENTS

Bactericidal antibiotics can generally be divided into 2 categories based on how they
best kill bacteria. Knowing the difference in these mechanisms helps in determining
the best dosing strategies to ensure early success in treating a life-threatening infec-
tion. b-Lactam antibiotics such as the penicillins, cephalosporins, and carbapenems
kill bacteria in a time-dependent manner. Vancomycin falls in this same category.
Active growth inhibition only occurs as long as antibiotic concentration at the site of
infection is above the MIC. For antibiotics to be bactericidal, concentrations usually
have to be 4 to 5 times higher than the MIC. This level can be measured in vitro and
is known as the minimum bactericidal concentration or MBC. With inappropriately
low doses and/or prolonged dosing intervals, time-dependent antibiotics will not be
effective for serious infections.34 The second category of antibiotics kills bacteria in
a concentration-dependent manner and includes the aminoglycosides, fluoroquino-
lones, and daptomycin. For this group of antibiotics, peak levels should be at least
8 to 10 times the MIC for a bactericidal effect. As serum concentration levels decline
after a dose, bactericidal activity continues (postantibiotic effect). If a bacteria MIC is
relatively high and/or the site of infection is difficult for antibiotics to penetrate,



Lynch1092
concentrations of single antibiotics will not achieve bactericidal levels, which is often
the case for treating endocarditis or infections due to Enterococcus and P aeruginosa.34

In these cases, the use of 2 agents with different mechanisms of action is necessary
for either an additive or synergistic bactericidal effect. Although somewhat controver-
sial, it may also be necessary to expose a positive bacterial culture to a patient’s
serum containing antibiotics to measure serum bactericidal titers (SBT) as a guide
to therapy. For endocarditis, SBTs of 1:8 or greater are recommended.35

The recommended antibiotic regimens in this article are based on current national
bacterial-resistant trends. To ensure optimal success, it is necessary to follow local
and regional antibiotic resistance data. Local data are made available every 6 to 12
months by diagnostic laboratories at the local hospitals.
Several antibiotics require routine measurement of serum levels to guide treatment.

The most important is vancomycin, which is frequently used in empiric regimens to
cover for MRSA. Because the MIC for MRSA has been gradually rising over the last
few years (MIC creep), new guidelines now recommend that vancomycin trough levels
be 15 to 20 mg/L.2 Peak levels are not measured. These new target levels require
higher doses that can potentially cause nephrotoxicity. Therefore it is also necessary
to routinely monitor renal function. Aminoglycoside antibiotics traditionally required
frequent serum-level determinations when dosed as a time-dependent antibiotic
because of their nephrotoxic potential. Once it was discovered that bactericidal
activity is concentration dependent, once-daily high-dose therapy is now the norm.
If more frequent low-dose therapy is required, peak and trough serum levels should
be monitored on a regular basis.

SUMMARY

Life-threatening infectious disease emergencies require immediate, aggressive paren-
teral administration of antimicrobial agents to ensure high bactericidal concentrations
of drug at the site of infection. Usually initial treatment is empiric until culture results
and antimicrobial sensitivities are reported. This approach necessitates the use of
broad-spectrum bactericidal agents that will eradicate the presumed infecting organ-
ism(s), which potentially could be multidrug resistant. For infections potentially attrib-
utable to gram-positive bacteria, vancomycin is commonly used because it will be
effective for highly resistant strains such as MRSA and multidrug-resistant S pneumo-
niae. For gram-negative infections, broad-spectrum b-lactams, such as ceftriaxone,
piperacillin-tazobactam, and the carbapenems, are commonly chosen. Excellent
alternatives include the fluoroquinolone antibiotics. For nosocomial infections
whereby P aeruginosa and other highly resistant organisms may be the cause, anti-
pseudomonal b-lactams such as cefepime, ceftazidime, piperacillin-tazobactam, or
doripenem may be used as well as the fluoroquinolone, ciprofloxacin. For anaerobic
infections, it is usually necessary to add either metronidazole or clindamycin. Once
an infection is under control and the culture and sensitivity results are reported, it is
important to switch to the most narrow-spectrum agent possible. Taking this action
will decrease the potential for adverse drug effects and the risk of development of
antibiotic-induced resistance.
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