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Synopsis: The combination of ampicillin and ceftriaxone was
effective in treatment of endocarditis due to E. faecalis.  Efficacy
was similar for infections involving isolates with and without

high-level aminoglycoside resistance.

Source: Gavalda J et al.  Brief communication: treatment of
Enterococcus faecalis endocarditis with ampicillin plus ceftriaxone.  Ann

Intern Med 2007;146:574-579.

Gavalda and colleagues reported their experience 
with treating 43 patients with E. faecalis endocarditis using a

combination of intravenous ampicillin 2 g every 4 hours and ceftri-
axone 2 g every 12 hours for 6 weeks.  Twenty-one patients were
infected with strains exhibiting high-level aminoglycoside resist-
ance (HLAR) and 22 were infected with non-HLAR strains.  8/21
(38%)  patients with HLAR E. faecalis endocarditis had prosthetic
valve infections, as did 10/22 (45%)  patients with non-HLAR
infection.  

3/21 patients with HLAR E. faecalis endocarditis required sur-
gery, and 7 died during therapy; one of the deaths was due to aspira-
tion pneumonia.  All patients who died had negative blood cultures
prior to death.  One patient died 30 days after therapy due to compli-
cations of HIV infection.  The remaining 13 patients were free of
infection after 3 months of follow-up.

4/22 patients with non-HLAR E. faecalis endocarditis required sur-
gery, and 4 died during therapy.  There were 2 relapses in this group.
One patient received ceftriaxone 2 g every 24 hours rather than every
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12 hours; he was subsequently cured after treatment with
ampicillin plus ceftriaxone 2 g every 12 hours.  A patient
with an aortic Dacron graft and prosthetic aortic valve suf-
fered a fatal cerebral hemorrhage 21 days after complet-
ing therapy.  Pre-mortem blood cultures were positive for
E. faecalis. 

In vitro assessment of synergy by time-kill method
showed synergistic killing by the combination of
ampicillin and ceftriaxone for all 28 isolates tested.

■■ COMMENTARY
E. faecalis strains are generally tolerant to penicillin

and ampicillin, i.e., bacterial killing occurs only at antibi-
otic levels many-fold greater than the MIC.  Successful
treatment of E. faecalis endocarditis usually requires the
combination of penicillin or ampicillin plus and amino-
glycoside.  The combinations result in synergistic killing
of E. faecalis in vitro and in vivo.  For enterococcal iso-
lates exhibiting HLAR, synergistic killing does not occur
due the presence of one of several aminoglycoside modi-
fying enzymes.  Even if the infecting strain does not
exhibit HLAR, the 4-6 week course of treatment required
for treatment of enterococcal endocarditis frequently
results in significant aminoglycoside toxicity.

The combination of ampicillin + ceftriaxone shows
synergism against E. faecalis both in vitro and in an ani-
mal model of endocarditis1,2 whether or not the strain
demonstrates HLGR.  Efficacy in the animal model was
similar to that obtained with ampicillin + aminoglyco-
side.  Addition of an aminoglycoside to the combination

of ampicillin + gentamicin did not improve efficacy.
Although not a randomized controlled trial, the

results reported by Gavalda and colleagues are similar to
those obtained using the combination of ampicillin + an
aminoglycoside for the treatment of non-HLAR E. fae-
calis endocarditis.  Thus ampicillin + ceftriaxone may be
reasonably considered to be first line therapy for HLAR
E. faecalis.  Other potential therapies include linezolid
and daptomycin; clinical experience in treating E. fae-
calis endocarditis with these agents is more limited.
Nearly all strains of E. faecalis are resistant to quin-
upristin/dalfopristin.   

The combination of ampicillin + ceftriaxone is a
rational second-line combination for treatment of  non-
HLAR  E. faecalis endocarditis in patients at high risk for
gentamicin toxicity, such as those with pre-existing renal
insufficiency.

Several cautions are in order.  The first is that this study
was not randomized and involved a relatively small num-
ber of patients.  The second is that ampicillin/ceftriaxone
synergy may not be present if the strain is resistant to
ampicillin.3 Finally, this study should not be extrapolated
to treatment of E. faecium endocarditis, as E. faecium is
less susceptible to ampicillin than E. faecalis. ■

References:
1. Gavalda J et al.  Efficacy of ampicillin plus ceftriax-

one in treatment of experimental endocarditis due to
Enterococcus faecalis strains highly resistant to
aminoglycosides.  Antimicrob Agents Chemother
1999;43:639-646.

2. Gavalda J et al.  Efficacy of ampicillin combined with
ceftriaxone and gentamicin in the treatment of experi-
mental endocarditis due to Enterococcus faecalis with
no high-level resistance to aminoglycosides. J
Antimicrob Agents Chemother 2003;52:514-517.

3. Mainardi JL et al.  Synergistic effect of amoxicillin
and cefotaxime against Enterococcus faecalis.
Antimicrob Agents Chemother 1995:39:1984-1987.

Lyme Disease
A B S T R A C T  &  C O M M E N T A R Y  

By Stan Deresinski, MD, FACP

Source: CDC.  Lyme disease — United States, 2003-2005.
MMWR 2007; 56:573-576.

Synopsis: In the 10 states with the most cases, the
annual incidence of Lyme disease was 29.2 per 100,000
population, but 3 counties (2 in New York, one in
Massachusetts) reported rates in excess of 300 cases per
100,000.  
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Lyme disease is the most commonly reported
vector-borne disease in the U.S., with approximately

20,000 new cases reported each year.  Most cases occur
in northeastern, mid-Atlantic, and north central states
(see Map above), with peak incidences among those ages
5 to 14 years and 45 to 54 years.  CDC received 64,382
reports of Lyme disease from 46 states and the District of
Colombia during 2003-2005, with 93% of cases occur-
ring in 10 states.  In those 10 states, the annual incidence
was 29.2 per thousand population.  However, 3 counties
(Columbia and Dutchess counties in New York and
Dukes county in Massachusetts) had rares in excess of
300 per 100,000 population.  As expected, cases peaked
during summer months, reflecting nymphal vector activ-
ity in May and June; fewer than 8% had disease onset
during December through March. In the 10 states with
the highest incidence of reported cases, 70% were report-
ed to have erythema migraines, 30% had arthritis, 8% had
facial palsy, 3% had radiculopathy, 2% had meningitis or
encephalitis, and <1% had heart block.  

The only way to prevent Lyme disease is to avoid tick
bites and, failing that, to remove ticks within 24 hours after
their attachment.  The former can be achieved by avoiding,
if possible, tick-infested areas and by using DEET-contain-
ing insect repellents (permethrin can be used on clothing).
Wearing long pants, sleeves and socks and tucking pant
legs into socks or boots (or taping them down) and shirts

into pants is helpful. The latter can be achieved by per-
forming self-examination (or examination by a close
friend) for evidence of ticks after any potential exposure. ■

CDC Update On Prevention/
Control of Influenza
A B S T R A C T  &  C O M M E N T A R Y  

By Stan Deresinski, MD, FACP

Source: CDC. Prevention and control of influenza.
Recommendations of the advisory committee on immunization
practices (ACIP), 2007.  MMWR. June 29, 2007 / 56:1-54.
http://www.cdc.gov/mmwr/preview/mwrhtml/rr56e629a1.htm

Synopsis: Recommendations for the upcoming flu
season from the CDC.

Infectious Disease Alert 121

Surveillance Definition of Lyme Disease
•  Physician-diagnosed erythema migraines >5 cm

in diameter OR
•  At least one objective manifestation (e.g., arthritis,

heart block, or a neurologic finding such as facial nerve
palsy).    



In anticipation of the 2007-2008 influenza sea-
son, The CDC’s Advisory Committee on

Immunization Practices (ACIP) have updated their 2006
recommendations concerning the prevention and control
of influenza.  

Despite the yearly drumbeat, less than one-half of
some at-risk groups receive influenza vaccination in the
United States.  These poorly served groups importantly
include young children and adults at risk of complica-
tions of influenza virus infection, pregnant women, and
health care workers.  

No changes were made this year in the recommenda-
tions for chemoprophylaxis and therapy.  In addition, the
groups for whom vaccination is recommended have not
changed (see Box).  A number of significant updates,
changes and emphases since last year’s statement were,
however, made:

• A reemphasis of the importance of the administration

of 2 doses of vaccine to all children aged 6 months - 8 years
if they have not been vaccinated previously at any time with
either live attenuated influenza vaccine (LAIV) (with  doses
separated by > 6 weeks) or trivalent inactivated influenza
vaccine (TIV)  (with doses separated by > 4 weeks). 

•  Children aged 6 months - 8 years who received only
1 dose in their first year of vaccination should receive 2
doses the following year.

•  A reiteration of previous recommendations that all
persons, including school-aged children, who wish to
reduce the risk of becoming ill with influenza or of trans-
mitting influenza to others should be vaccinated

•  The vaccine should be offered throughout the
influenza season.  

•  In health care facilities, the level of vaccination
coverage among health-care personnel should be con-
sidered an important measure of a patient safety quality
program and policies to encourage vaccination of health
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care workers should be implemented.  These policies
may include, e.g., obtaining signed statements from
health care workers who decline influenza vaccination.  

•  The 2007-2008 trivalent vaccine strains are A/Solomon
Islands/3/2006 (H1N1)-like (new for this season),
A/Wisconsin/67/2005 (H3N2)-like, and B/Malaysia/2506/
2004-like viruses. Information regarding the use of  TIV and
LAIV is contained in the Tables 3 and 4.  ■

Retapamulin (ALTABAX ),
A New Topical Antimicrobial  
S P E C I A L  R E P O R T  

By Stan Deresinski, MD, FACP

The fda recently approved retapamulin
(ALTABAX ) for topical treatment of impetigo due to

Staphylococcus aureus and Streptococcus pyogenes in
adults and in children 9 months of age or greater.
Retapamulin is the first approved representative of a novel
class of antimicrobials, the pleuromutilins.  It interacts with
the 50S subunit of the bacterial ribosome at a binding site
that involves protein L3 and inhibits peptidyl transferase,
thus preventing the formation of active 50S subunits with
resultant inhibition of protein synthesis. In addition to
being active against S. aureus and S. pyogenes, retapa-
mulin has in vitro activity against many anaerobes and
Propionibacterium species. Methicillin resistance does not
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affect the in vitro susceptibility of S. aureus to retapamulin.
In clinical trials, however, in vitro susceptibility did not
correlate with clinical success rates in patients infected
with methicillin-resistant S. aureus (MRSA).  

Reduced susceptibility of S. aureus to retapamulin can
be achieved by serial passage in vitro, but requires the
accumulation of multiple mutations in rp1C which
encodes the L3 protein. Triple mutants, however, demon-
strate impaired growth in vitro. Reduced susceptibility
may also result from increased drug efflux.  

Clinical trials  have demonstrated superiority of reta-
pamulin over topical placebo in the treatment of impeti-
go.  In addition, studies have demonstrated non-inferior-
ity versus orally administered cephalexin in secondarily
infected traumatic lesions of skin1 and in secondarily
infected dermatitis.2 It is well tolerated and has minimal
absorption.  It is Pregnancy Category B.  

Retapamulin is supplied in 5, 10, and 15 gram tubes.  It
is applied in a thin layer to a maximum of 100 cm2 in adults
and 2% of body surface area in pediatric patients twice
daily for 5 days.    The cost of 15 grams of retapamulin is
reported to be $68 while that of 22 grams of mupirocin is
$50. ■

References:
1.  Free A et al.  Retapamulin ointment twice daily for 5

days vs oral cephalexin twice daily for 10 days for
empiric treatment of secondarily infected traumatic
lesions of the skin.  Skinmed 2006; 5:224-232.

2.  Parish LC et al.  Topical retapamulin ointment (1%
wt/wt) twice daily for 5 days versus oral cephalexin
twice daily for 10 days in the treatment of secondarily
infected dermatitis: results of a randomized controlled
trial.  J Am Acad Dermatol 2006; 55:1003-1013.

New Mechanism of Bacterial
Resistance to Aminoglycosides
A B S T R A C T  &  C O M M E N T A R Y  

By Dean L. Winslow, MD

Synopsis: Methylation of 16S ribosomal RNA (rRNA)
has emerged as an important mechanism of resistance
to aminoglycosides in pathogens including
Enterobacteriaceae and non-fermenters including
Pseudomonas aeruginosa and Acinetobacter species.
The presence of this group of newly recognized 16S
rRNA methylases confers high-level resistance to all
currently available aminoglycosides.

Source: Doi Y and Arakawa Y.  16S ribosomal RNA
methylation:  Emerging resistance mechanism against
aminoglycosides. Clin Infect Dis 2007; 45: 88-94.

While use of aminoglycosides to treat gram
negative rods has fallen over the last 30 years due

to the availability of broad-spectrum beta lactam antibi-
otics, aminoglycoside antibiotics remain useful for the
treatment of some life-threatening infections.  Due to
increasing prevalence of resistance to beta lactam
antibiotics the use of aminoglycosides is occasionally
the best option to treat certain infections.  

Aminoglycosides exert their bactericidal activity
against susceptible pathogens by binding specifically to
the aminoacyl site (A-site) of 16S rRNA within the
prokaryotic 30S ribosomal subunit and inhibit bacterial
protein synthesis.  The most common mechanism of
resistance to aminoglycosides is enzymatic inactivation
of the drug by adenylation, acetylation or phosphoryla-
tion (aminoglycoside modifying enzymes).  Mutation of
the 30S ribosome, defects in cellular permeability (often
developing while on therapy), and active efflux are other
mechanisms of bacterial resistance to aminoglycosides. 

Since aminoglycosides are produced by certain species of
actinomycetes, these organisms are intrinsically resistant to
the aminoglycosides they produce.  In most cases this intrin-
sic resistance is caused by ribosomal protection through
methylation of specific nucleotides within the A-site of 16S
rRNA, which hampers binding of the aminoglycoside.

Recently, clinical strains of Pseudomonas aeruginosa
and Klebsiella pneumoniae which produced 16S rRNA
methylases were reported.1, 2 These organisms displayed
high-level resistance to gentamicin, tobramycin and
amikacin.  Since this first publication, the literature has doc-
umented identification of new methylase enzymes in other
gram negative rods and their spread to different areas of the
world.  

The genes responsible for these enzymes are mostly
located on transposons within transferable plasmids and
are capable of horizontal spread.  Some of the organisms
carrying these methylases have been shown to coproduce
extended-spectrum beta lactamases (ESBLs) or metallo-
beta-lactamases contributing to a multi-drug resistant phe-
notype.  Since resistance to multiple aminoglycosides can
be due to acquisition of more than one aminoglycoside
modifying enzyme, aminoglycoside resistance due to
methylase production may not be recognized.  The authors
of the paper recommend as a screen for methylase-produc-
ing organisms that multi-aminoglycoside resistant gram
negative rods (as identified by automated susceptibility
testing) be subjected to Bauer-Kirby disk susceptibility
testing using gentamicin, amikacin and arbekacin disks.
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(The latter aminoglycoside is not available for therapeutic
use in the U.S., but demonstration of in vitro resistance to
this drug raises the positive predictive value of this method
of testing to ≥ 90%.)  The presence of 16SrRNA methylase
is suspected when little or no zone of inhibition surrounds
any of the aminoglycoside disks.  The only definitive con-
firmation of the presence of these methylases remains
PCR.  The paper lists the sequences of the specific primers
and appropriate thermal cycling conditions.

This is a paper which is of significant clinical rele-
vance. The demonstration of this novel mechanism of
antimicrobial resistance is illustration of the propensity of
our microbial nemeses to continually stay at least one step
ahead of our best attempts to defeat them.   ■
References:
1. Galimand M, et al.  Plasmid-mediated high-level

resistance to aminoglycosides in Enterobacteriaceae
due to 16S rRNA methylation.  Antimicrob Agents
Chemother 2003; 47: 2565-2571.

2. Yokoyama K, et al.  Acquisition of 16S rRNA methy-
lase gene in Pseudomonas aeruginosa.  Lancet 2003;
362: 1888-1893.

An Update on the QT-
Prolonging Potential of 
Anti-Infective Agents
S P E C I A L  R E P O R T  

By Jessica C. Song, MA, PharmD
Jessica C. Song, MA, PharmD, is Pharmacy Residency
Coordinator, Santa Clara Valley Medical Center. 
Jessica C. Song  reports no financial relationships relevant to this field of study.

In the past decade, prolongation of the qt 
interval associated with polymorphic ventricular

tachycardia, or torsades de pointes (TdP), has accounted
for the majority of withdrawals or restriction of the use
of prescription drugs from the U.S. market.1 Of note,
following the removal of grepafloxacin (quinolone) from
the market due to electrocardiographic-corrected QT
interval (QTc) interval prolongation and associated
arrhythmias (7 deaths), the FDA requested that manufac-
turers of recently developed quinolones document the
effects of their products on QTc interval duration.2

QTc interval prolongation is a surrogate marker of
cardiotoxicity, as the risk of developing TdP is propor-
tional to the magnitude of QTc prolongation.3 An esti-
mated 1% to 5% of drug-induced QTc interval prolonga-
tion progresses to TdP.4 The International Conference on

Harmonization (ICH) stated that prolongation of QTc
interval by more than 30 milliseconds and in excess of
60 milliseconds should be classified as a potential
adverse effect and a definite adverse effect, respectively.5

Consequently, although a mean effect on the QTc inter-
val of 5 milliseconds has been identified as a regulatory
concern, clinicians have become more interested in
determining the proportion of patients experiencing QTc
values in excess of 500 milliseconds during treatment or
the proportion of patients with > 30-60 millisecond QTc
increases from baseline.

Numerous antimicrobial agents can prolong the QT
interval and hence may increase the risk of developing
TdP.  However, of even greater concern to clinicians is
the heightened risk of excessive QTc interval prolonga-
tion with pharmacodynamic and pharmacokinetic drug
interactions.  One retrospective study showed that of 5
million subjects filling prescriptions, 23% were filling
prescriptions for QT-prolonging drugs.6 Of the 23%
who were taking QT-prolonging drugs, nearly 1 in 10
filled overlapping prescriptions for 2 or more QT-pro-
longing drugs.  With the aging of the U.S. population,
clinicians are increasingly faced with the prospect of
providing care to patients who may be taking multiple
drugs with the potential to prolong the QTc interval.
This article will: (1) review the propensity of currently
marketed antimicrobials to induce QT-prolongation and
(2) highlight clinically significant pharmacokinetic drug
interactions with antimicrobials that may predispose
patients to excessive QTc interval prolongation.

QT-PROLONGING ANTI-INFECTIVE AGENTS

Numerous antimicrobial agents have been shown to
prolong the QTc interval, including some of the
macrolides, quinolones, azole antifungals, and the ketolide,
telithromycin.5-14 Macrolide-, azole antifungal- and
quinolone-induced QTc prolongation appears to arise from
inhibition of the human ether-a-go-go gene (HERG) potas-
sium channel.5,15-17 Blockade of HERG-encoded rapidly
activating delayed-rectifier potassium channel (Ikr) is a
significant contributor to QTc prolongation, as repolariza-
tion delay results from potassium accumulation within the
myocyte.3 The likelihood of inducing TdP increases with
the generation of repetitive early after depolarizations, a
phenomenon that can result from delayed repolarization.

At present, the utility of published cardiac risk data
on anti-infective agents is limited, due to underreport-
ing, failure to completely eliminate contributory con-
founding variables (cardiac disease, electrolyte abnor-
malities, use of other QT-prolonging drugs), and the ret-
rospective nature of some post-marketing studies.5
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However, some excellent reviews of antimicrobial- and
drug-associated QT interval prolongation have been
conducted by Owens et al5 and by Crouch and col-
leagues.7 Table 1 highlights some of the data presented
in the reviews by Owens and Crouch, along with car-
diac risk profiles of newer antimicrobial agents, such as
voriconazole, posaconazole, and telithromycin.

The propensity of newer antimicrobial agents
(posaconazole, voriconazole, telithromycin) to induce
QT prolongation has not been fully established, but the
product monographs and published case reports of TdP
associated with these agents allows for a tentative cardiac
risk assessment.  Posaconazole is distinguishable from
other azole antifungals, despite documented reports of
TdP.10 Unlike the other azole antifungals, posaconazole
weakly inhibits CYP3A4, and it neither inhibits nor
undergoes metabolism by other cytochrome p450 isoen-
zymes, such as CYP2C9 and CYP2C19.  Sansone et al
evaluated the effects of posaconazole (400 mg twice
daily) administered with high-fat meals to 173 healthy
volunteers.18 A mean decrease in QTc interval (Fridericia
correction) of approximately 5 milliseconds occurred fol-
lowing ingestion of posaconazole.  In addition, none of
the subjects displayed QTc prolongation in excess of 60
milliseconds from baseline or QTc values greater than

500 milliseconds.  Of note, the manufacturer cautioned
against extrapolating the results of this healthy volunteer
study to acutely ill patients, who may be more predis-
posed to experiencing QT prolongation.10

In comparison to older antifungal agents, such as flu-
conazole, itraconazole, and ketoconazole, voriconazole
appears to confer a similar degree of risk for QT prolon-
gation.12-14 A literature review revealed that voriconazole
has been implicated in 3 cases of QTc prolongation,
which parallels the number of published cases of flu-
conazole-associated QTc prolongation.4 Single-dose
studies of voriconazole (800 mg, 1200 mg, 1600 mg) in
healthy volunteers did not reveal excessive QTc prolon-
gation, as none of the subjects exhibited increases in
QTc intervals in excess of 60 milliseconds or QTc val-
ues greater than 500 milliseconds.12

The available evidence from current literature suggests
that telithromycin is associated with a comparable risk of
QT prolongation to clarithromycin.5 Similar to clar-
ithromycin, concurrent administration of telithromycin
with other QT-prolonging drugs, such as ketoconazole,
results in a QTc interval increase in excess of 10 millisec-
onds.5 In contrast, telithromycin and clarithromycin admin-
istered alone results in a mean increase in the QTc interval
of 3.3 milliseconds and 6 milliseconds, respectively.5
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Table 1. QT-Prolonging Medications: Risk of Inducing QT -Prolongation  5,7-14 

+++ Definite  ++ Probable + Proposed 
Amitriptyline. Amiodarone  Enflurane, Halothane  Adenosine, Felbamate  

Arsenic trioxide  Isoflurane Fosphenytoin  
Astemizole Citalopram Venlafaxine 

Bepridil Fluoxetine Clemastine 
Cisapride Paroxetine Diphenhydramine  

Desipramine Sertraline Loratadine 
Disopyramide Clarithromycin  Foscarnet 

Dofetilide Fluconazole Ganciclovir 
Doxepin Ketoconazole Gatifloxacin (not available)  

Droperidol Moxifloxacin Levofloxacin 
Erythromycin  Quinine Mefloquine, Posaconazole  

Flecainide Chlorpromazine  Trimethoprim/Sulfamethoxazole  
Grepafloxacin (not 

available) 
Tamoxifen Clozapine 

Haloperidol  Voriconazole  Quetiapine 
Halofantrine, Ibutilide  Methadone Risperidone 

Imipramine Naratriptan Sertindole 
Nortriptyline  Rizatriptan Indapamide 
Pentamidine Sumatriptan Isradipine 

Pimozide Telithromycin  Octreotide 
Probucol Tizanidine Tacrolimus 

Procainamide Zolmitriptan  
Propafenone   

Quinidine   
Sotalol   

Sparfloxacin    
Terfenadine   
Thioridazine    
Ziprasidone   



DRUG INTERACTIONS / QT INTERVAL PROLONGATION

The risk of QT interval prolongation associated with
most of the currently marketed quinolones (except for
ciprofloxacin) is increased primarily from pharmaco-
dynamic interactions.5 A review of the Adverse Events
Reporting System (AERS) showed that nearly 25% of
cases of quinolone-associated TdP occurred as a result
of concomitant administration with another QT-pro-
longing drug. In contrast, telithromycin, clar-
ithromycin, erythromycin, and azole antifungals, are
inhibitors and/or substrates of at least one cytochrome
p450 isoenzyme.5,7 Consequently, QT prolongation
may be further enhanced by concomitant use of
cytochrome p450 substrates and inhibitors.  Table 2

highlights the major cytochrome p450 interactions
associated with QT-prolonging agents.

CONCLUSION

Although the use of certain antimicrobials can predis-
pose susceptible patients to TdP, these agents remain indis-
pensable in the treatment of various infections.  In order to
minimize the risk of incurring TdP in patients receiving
quinolones, azole antifungals, telithromycin, or macrolides,
clinicians should be aware of factors that predispose to QT
prolongation. Risk factors for QT prolongation/TdP include
electrolyte disturbances (hypokalemia, hypocalcemia,
hypomagnesemia), cardiac disease (myocardial ischemia,
cardiomyopathy), hypertension, diabetes  mellitus,
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Table 2.  Drug Interactions with QT -Prolonging Medications 5,7-14 

ISOENZYME QT PROLONGING DRUG  INHIBITORS INDUCERS 
CYP1A2 AMITRIPTYLINE  CIMETIDIENE, CIPROFLOXACIN  CIGARETTE SMOKE  
 CLOZAPINE DILTIAZEM OMEPRAZOLE 
 DESIPRAMINE  ERYTHROMYCIN  PHENOBARBITAL  
 IMIPRAMINE FLUVOXAMINE  PRIMIDONE 
 NORTRIPTYLINE  GRAPEFRUIT JUICE  PHENYTOIN 
  MEXILETINE  RIFAMPIN 
  MIBEFRADIL  RITONAVIR 
  NORFLOXACIN   
  RITONAVIR, TACRINE   
    
CYP2C AMITRIPTYLINE (2C9)  AMIODARONE (2C9)  PHENOBARBITAL  
 FLUCONAZOLE (2C9 , 2C19) CIMETIDINE (2C18)  PHENYTOIN 
 IMIPRAMINE FLUCONAZOLE (2C9, 2C19)  RIFAMPIN 
 ITRACONAZOLE (2C9, 2C19)  FLUOXETINE (2C19)   
 KETOCONAZOLE (2C9, 2C19)  FLUVASTATIN (2C9)   
 VORICONAZOLE (2C9, 2C19)  FLUVOXAMINE (2C9/19)   
  ITRACONAZOLE  (2C9, 2C19)   
  OMEPRAZOLE (2C9/19)   
  RITONAVIR (2C9/19)   
  VORICONAZOLE (2C9, 2C19),  ZAFIRLUKAST (2C9)   
    
CYP2D6 AMITRIPTYLINE  AMIODARONE   
 CLOZAPINE CIMETIDINE   
 DESIPRAMINE  FLUOXETINE  
 FLECAINIDE  FLUVOXAMINE  (weak)  
 FLUOXETINE FLUPHENAZINE   
 HALOFANTRINE  HALOPERIDOL   
 HALOPERIDOL  MIBEFRADIL   
 IMIPRAMINE PAROXETINE  
 MEXILETINE  PROPAFENONE   
 NORTRIPTYLINE  QUINIDINE  
 PAROXETINE RITONAVIR  
 RISPERIDONE  THIORIDAZINE   
 SERTINDOLE   
 TAMOXIFEN   
 THIORIDAZINE   
    
CY3A4 AMITRIPTYLINE (min)  AMIODARONE CARBAMAZEPINE  
 AMIODARONE CIMETIDINE  DEXAMETHASONE  
 ASTEMIZOLE CLARITHROMYCIN  PHENOBARBITAL  
 CISAPRIDE DILTIAZEM PHENYTOIN 
 DISOPYRAMIDE , DOFETILIDE  ERYTHROMYCIN  PRIMIDONE 
 ERYTHROMYCIN, CLARITHROMY CIN FLUCONAZOLE  RIFABUTIN 
 FLUCONAZOLE, ITRACONAZOLE  FLUOXETINE RIFAMPIN 
 HALOFANTRINE, IMIPRAMINE FLUVOXAMINE   
 PIMOZIDE, QUINIDINE GRAPEFRUIT JUICE   
 SERTRALINE  INDINAVIR  
 TACROLIMUS ITRACONAZOLE   
 TAMOXIFEN, TELITHROMYCIN  KETOCONAZOLE, POSACONAZO LE  
 TERFENADINE  METRONIDAZOLE   
 VORICONAZOLE, KETOCONAZOLE  MIBEFRADIL   
  MICONAZOLE  
  NEFAZODONE, NELFINAVIR   
  OMEPRAZOLE, QUINIDINE   
  RITONAVIR, SAQUINAVIR   
  SERTRALINE (WEAK ), TELITHROMYCIN   
  VORICONAZOLE,  ZAFIRLUKAST  



hypothyroidism, obesity, alcohol/cocaine abuse, increased
age, female gender, and congenital long QT interval syn-
drome.3,5 In addition to the information summarized in
Tables 1 and 2, a comprehensive list of QTc-prolonging
drugs can be found at http://www.qtdrugs.org.  ■
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CME Questions

39. A patient with a prosthetic heart valves presents with signs
and symptoms compatible with endocarditis.  Multiple blood
cultures yield Enterococcus faecalis.  The isolate is susceptible
to ampicillin and vancomycin; it shows high level resistance to
gentamicin and streptomycin.  The most appropriate therapy
consists of:
A. Vancomycin
B. Vancomycin + tobramycin
C. Ampicillin + ceftriaxone
D. Ampicillin
E. Quinupristin/dalfopristin

40.Which of the following was among the 10 states with the most
reported cases of Lyme disease in the U.S. in  2003-2005?

A.  Montana
B.  New York
C.  New Mexico
D.  Kansas

41. Which of the following is among the CDC- ACIP recommen-
dations regarding influenza for 2007?
A.  The live attenuated intranasal vaccine is

approved for use in the elderly.
B.  The live attenuated intranasal vaccine should not

be administered to family members or close con-
tacts of immunocompromised persons requiring a
protected environment.

C.  Influenza vaccination is not recommended for
school age children.

D.  The trivalent influenza vaccine (killed) is con-
traindicated in pregnancy.
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Ketek’s Troubled
History

Sources: Ross DB.  The FDA and the
case of Ketek.  N Engl J Med 2007;
356, 16:1601-1604.  
Wall Street Journal, Monday May 1,
2006, page A1. 

Nearly one year following an
in-depth report in the Wall

Street Journal, and a brief synopsis
in IDA (see June 2006, C. Kemper),
this author, who was involved in the
FDA review of telithromycin, pro-
vides a closer look at the events lead-
ing up to and following the FDA
approval of telithromycin in the
United States. 

As some readers may be aware,
serious questions were raised in
2002-2003 regarding the integrity of
data from a large outpatient clinical
investigation (Study 3014) of
telithromycin conducted at more
than 400 sites in the United States.
Further investigation eventually
uncovered serious problems with
data collection, fraudulent data, and
manufactured patients at 10 sites (all
heavy enrollers of study subjects),
and criminal proceedings in at least
one case eventually resulted in a jail
sentence for one of the investigators.
However, this same data was pre-
sented to an FDA Advisory
Committee for drug review and
approval in January 2003 without
the committee’s awareness of these
concerns. FDA managers stated they
were barred from disclosing con-
cerns because of the active investi-
gation, although the data were
nonetheless provided for review.
Based on their review of the data,
the committee voted 11 to 1 to rec-
ommend approval.  

In an unexpected move, that

makes better sense in retrospect, the
FDA chose to ignore the commit-
tee’s recommendation, indicating
additional data was required.  Then,
in a broad deviation from FDA prac-
tice, they approved telithromycin for
use in sinusitis, bronchitis and com-
munity-acquired pneumonia in April
2004 based on foreign post-market-
ing data.  While the post-marketing
data, which was extensive and sug-
gested the drug was safe, was
reviewed, there was apparently no
attempt to verify its validity.  Such
data is reliable only in so much as
drug sponsors and clinicians elect to
submit reports of adverse events,
assuming they can identify a compli-
cation as an adverse event. 

Gradually, information about the
problems with Study 3014 and irreg-
ularities in the FDA’s approval
process for telithromycin began to
come to light.  None of which would
have captured much attention except
for the emergence of reports of
hepatoxicity in patients receiving
drug.  By the time Congress became
interested in May and June 2006,
there were 23 cases of acute severe
liver injury and 12 cases of liver
failure, including 4 deaths, associat-
ed with the use of telithromycin.  By
December 2006, there were 53 sus-
pected cases. 

Sixteen months after the first
reports of liver failure were submit-
ted to the FDA in 2005 for review,
the FDA relabeled Ketek to indicate
possible severe hepatotoxicity.
Withdrawal of FDA approval for
use in acute bacterial sinusitis and
acute and chronic bronchitis
occurred in February 2007 — one
day before a Congressional hearing
on Ketek.  

Only 3 days earlier, and despite
acknowledging the problems with
Study 3014, the FDA removed Study
3014 on its website as a citation in

support of the initial drug review.   ■

Death in Venice — And
Other Parts of the World

Source: MacPherson DW et al.  Death
and International Travel - The
Canadian Experience: 1996-2004.  J
Trav Med 2007, 14 (2), 77-84.

Data suggest that death dur-
ing international travel is increas-

ing, in part because of wilderness and
adventure travel, but also because
more and more people are traveling.
Deaths abroad have considerable
impact on friends and family, as well
as the pocketbook.  As part of the
Secure Integrated Global Network
established in 1993, the Consular
Services Bureau, part of the Foreign
Affairs Office in Canada, tracks
Canadian deaths abroad, including the
cause of death, sex and age.  Specific
data on the purpose of travel, or
whether work or pleasure related was
not always available.  

From 1996-2004, 2,410 Canadians
died while traveling abroad.
Interestingly, deaths in the United
States (297), Germany (240) and
China (115) topped the list, far
exceeding deaths in Africa (95), gen-
erally considered a riskier destination.
Two-thirds of the deaths occurred in
men, and the average age was just
over 60 years (range, 0 to 101).
Natural causes of death occurred in
73%, followed by accidental death in
19%, murder in 4% and suicide in 4%.
People who died of natural causes
averaged age 66 compared with those
who died by accident (45 years), mur-
der (43 years), or suicide (41 years).
Annual increases in accidental deaths
were observed, most likely because of
wilderness and adventure travel. 

In examining the top 15 destina-
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tions for 2004, deaths per 1000 vis-
its were greatest for China (241),
Mexico (82), Italy (43), Japan (31),
and Spain (30).  Obviously the caus-
es and risks for each of these coun-
tries vary considerably, but it is of
interest that travel to China was
associated with such significant risk.  

It would be useful if pre-travel
medicine could address but the
authors found that most pre-travel
advice, vaccines, anti-malarials and
diarrhea management would not have
prevented most of these fatalities.
Violent deaths from vehicular acci-
dents remain a significant problem;
traffic fatalities and injuries affect 1.2
million and 50 million persons annu-
ally around the world, and are expect-
ed to increase 65% during the next 2
decades.  Murder was generally asso-
ciated with robbery, assault, or sexu-
al violence, and aside from garden
variety advice to use common sense,
there is little that travel practitioners
can offer.  Little is known whether
suicides, an unexpected cause of
death in 4% of international
Canadian travelers, were pre-
planned, occurred in persons with
mental illness, or as the result of
some travel-related event.  

Two items that travel practitioners
should include in their list for discus-
sion are verification of insurance cov-
erage during illness abroad (for exam-
ple, some travel insurance provides
only limited coverage or coverage
solely for “emergencies” with a cap);
as well as providing advanced direc-
tive, power of attorney and directions
on handling remains.  For example,
shipping a whole body is hugely
expensive whereas cremation is
cheap.   ■

Lactic Acidosis in
Africans Receiving
HAART

Source: Bolhaar MG and Karstaedt
AS.  A high incidence of lactic acido-
sis and symptomatic hyperlactatemia
in women receiving highly active
antiretroviral therapy in Soweto,

South Africa. Clin Infect Dis 2007;
45:254-260.

Nucleoside reverse transcrip-
tase use in persons with HIV

infection has been associated with ele-
vated lactic acid levels and lactic aci-
dosis, presumably related to mitochon-
drial toxicity.  Although first described
in 1990 in persons receiving didano-
sine, symptomatic hyperlactatemia and
lactic acidosis is more commonly asso-
ciated with the use of stavudine, espe-
cially when combined with didano-
sine. Mortality of 30%-100% has been
reported in persons developing lactic
acidosis from antiretroviral use.  

In a retrospective cohort analysis,
these authors identified the incidence
and risk factors for symptomatic
hyperlactatemia and lactic acidosis in
1735 HIV+ adults receiving highly
active antiretroviral therapy (HAART)
in Soweto, South Africa in 2004-2006.
(Drugs such as abacavir and tenofovir
were not available at that time).  Most
of the patients were treatment naïve.
Only patients with confirmed eleva-
tions > 4.5 mmol/L were included in
the analysis.  Lactate levels were not
routinely performed but only at the
discretion of the treating clinician
when symptoms suggested possible
toxicity.  

The overall incidence of sympto-
matic hyperlactatemia and lactic
acidosis was 30.8 cases per 1000
patients years of HAART therapy.
One of the 2 syndromes was found
in 1 of every 18 women (5%) and 1
of every 80 men (1.2%).  With 23-
months of observation, 23 patients
experienced lactic acidosis, includ-
ing 22 women (1 pregnant) and 1
man. The mortality rate was 30.4%,
despite supportive care and discon-
tinuation of HIV treatment (at the
lower end of that described in pub-
lished reports).  Presenting symp-
toms included nausea, vomiting,
abdominal pain (87%), weight loss
(74%), and dyspnea (56%).
Twenty-two of the patients were
receiving stavudine (at the standard
dose), including one who received
stavudine and didanosine in combi-
nation.  

Forty-four persons, including 37
women, developed symptomatic
hyperlactatemia;  thus, 1of every 30
women and 1 of every 92 men devel-
oped symptomatic hyperlactatemia
during HAART therapy.  All 44
patients were receiving stavudine,
including 3 who took it with didano-
sine.  The most common symptoms
were weight loss (75%) and anorexia
(61%).  None of these patients died.  

Therapy was interrupted in all of
the patients identified.  In most cases,
therapy was reinitiated, switching to
zidovudine, none of whom relapsed.  

In addition to the use of stavudine
with or without didanosine, 2 risk fac-
tors for lactic acidosis and symptoms
hyperlactatemia were identified. A
longer duration of use was associated
with a greater risk of toxicity.  The
mean duration of stavudine use before
developing lactic acidosis was 34
weeks (range 17 to 76 weeks). In addi-
tion, a BMI ≥ 30 at baseline appeared
to be a significant risk factor, and was
found in 24% of patients initiating
HAART. BMI data, available for 19 of
the 23 patients who developed lactic
acidosis, indicated that 8 (35%) of
these patients were considered obese
with a BMI ≥ 30, and 5 (22%) were
overweight with a BMI of 25-30.  None
were underweight. Similar findings
were observed for patients who devel-
oped symptomatic hyperlactatemia.  

This study summarizes the risk of
lactic acidosis in South Africans ini-
tiating HAART, especially in women
(16.1 cases per 1000 patient years),
all but one of whom received stavu-
dine.  The lack of consistent defini-
tion of lactic acidosis in the 
literature causes some confusion, and
renders it difficult to directly com-
pare this with other data.  In addition,
because lactic acid levels were not
prospectively collected on a routine
basis in these patients, the incidence
of hyperlactatemia or lactic acidosis
may be underestimated.  It would be
useful to better understand the risk of
progression from asymptomatic ele-
vations of lactic acid to the develop-
ment of symptomatic or fatal compli-
cations.   ■
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In this issue: SSRIs are safer in pregnancy than
previously thought; Estrogen therapy in younger
women may be of benefit in preventing cardiovascular
disease; Warfarin is substantially better than
antiplatelet therapy in preventing stroke in patients
with atrial fibrillation; The FDA tightens regulations
regarding dietary supplements, Lyrica is approved for
treatment of fibromyalgia.

SSRIs are associated with a low rate of birth
defects according to 2 new studies in the
New England Journal of Medicine. SSRIs are

often taken by women in their childbearing years,
but the risk of birth defects has been unclear.
Paroxetine (Paxil) specifically has been associated
with omphalocele and heart defects, but there is
little data on the risk of other SSRIs.  In the first
study from Boston University and Harvard,
researchers assessed the association between
first-trimester maternal use of SSRI and birth
defects among nearly 10,000 infants with and
over 5,800 infants without birth defects who par-
ticipated in the Sloan Epidemiology Center Birth
Defects Study.  Use of SSRIs was not associated
with significantly increased risk of craniosynosto-
sis (odds ratio 0.8), omphalocele (odds ratio 1.4),
or heart defects overall (odds ratio 1.2).  Analysis
of specific SSRIs and specific deficits showed sig-
nificant associations between use of sertraline
(Zoloft) and omphalocele (odds ratio 5.7) and
septal defects (odds ratio 2.0) and between use of
paroxetine and right ventricular outflow tract
obstruction defects (odds ratio 3.3).  There were
no significant associations with other defects with
other SSRIs or non-SSRI antidepressants.  In the
other study, researchers from the CDC  and

University of British Columbia looked at data
obtained on 9,622 infants with major birth defects
and 4,092 control infants born between 1997 and
2002.  Records were obtained from birth defects
surveillance systems in 8 U.S. states and controls
were selected randomly from the same geo-
graphic areas.  Mothers were interviewed regard-
ing exposure to potential risk factors including
medications before and during pregnancy.  No
significant associations were found between
maternal use of SSRIs overall during early preg-
nancy and congenital heart defects or most other
categories or subcategories categories of birth
defects.  Maternal SSRI use was associated with
amencephaly (odds ratio 2.4), craniosynostosis
(odds ratio 2.5) and omphalocele (odds ratio 2.8).
Their conclusion was that maternal use of SSRIs
during early pregnancy was not associated with
significantly increased risk of congenital heart
defects or most other categories or birth defects.
There was an association with SSRI use and 3
types of birth defects, but the absolute risk was
small and further studies are warranted (N Engl J
Med 2007; 356:2675- 2683, 2684-2692).  An accom-
panying editorial points out that 2 previous stud-
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ies had suggested a relationship between paroxe-
tine and cardiac malformations including ventric-
ular septal defects, an association that was not
found in these current studies. Although a small
rate of congenital heart malformations, including
right ventricular outflow tract lesions, were
found the rate was still low, less than 1%. The
editorialists, Dr. Michael Green from
Massachusetts General states, “The 2 reports in
this issue of the Journal, together with other
available information, do suggest that any
increased risks of these malformations in associa-
tion with the use of SSRIs are likely to be small in
terms of absolute risks.”  (N Engl J Med 2007;
356:2732-2733).     ■

Estrogen for Younger Postmenopausal Women
Another follow-up study from the Women’s

Health Initiative suggests that estrogen therapy
in younger postmenopausal women may be of
benefit in preventing cardiovascular disease.
Analysis was done on the “estrogen-only” wing
of WHI in women who had undergone hysterec-
tomy prior to enrolling in the study and were not
treated with progesterone.  Women age 50 to 59
were treated with 0.625 mg per day of conju-
gated equine estrogens or placebo.  CT heart
scanning was done at entry to the study and
after a mean of 7.4 years of treatment and 1.3
years after the trial was completed.  The end-
point of mean coronary-artery calcium scores
was lower among women receiving estrogen
(83.1) than those receiving placebo (123.1) (P =
0.02 by rank test).  After adjusting for coronary
risk factors, the odds ratios for coronary-artery
calcium scores of more than 0, 10 or more, and
100 or more in the group receiving estrogen as
compared to placebo were respectively 0.78, 0.74,
and 0.69.  The corresponding odds ratios among
women with at least 80% adherence to the study
estrogen or placebo were 0.64 (P = 0.01), 0.55 (P <
0.001), and 0.46 (P = 0.001).  For women who had
calcium scores greater than 300 the multivariate
odds ratio was 0.58 (P = 0.03) in an intention-to-
treat analysis and 0.39 (P = 0.004) among women
with at least 80% adherence.  The authors con-
clude that in women age 50 to 59 years old at
enrollment, estrogen treatment resulted in a
lower calcified plaque burden in the coronary
arteries compared to placebo.  They also point
out that estrogen has complex biological effects
and may influence the risk of cardiovascular
events and other outcomes through multiple
pathways (N Engl J Med 2007; 356:2591-2602).

An accompanying editorial points out that not
only did women in this analysis who were
treated with estrogen have lower calcium scores,
women in whom hormone replacement therapy
was initiated at a younger age also had a 30%
reduction in total mortality and did not have sig-
nificant increases in any adverse outcomes exam-
ined.  This supports the “timing hypothesis” for
hormone replacement therapy that suggests that
the cardiovascular benefits of hormone replace-
ment are only evident if treatment is started
before atherosclerosis develops. (N Engl J Med
2007;356:2639-2641).  ■

Warfarin Better for Atrial Fibrillation Patients
Recent meta-analysis has confirmed the value

of warfarin in preventing stroke in patients with
nonvalvular atrial fibrillation.  Twenty-nine trials
involving more than 28,000 patients were
reviewed.  Compared with control, warfarin and
antiplatelet agents reduce stroke by 64% (95% CI,
49% to 74%) and 22% (CI, 6% to 35%) respec-
tively.  Adjusted-dose warfarin was substantially
more efficacious than antiplatelet therapy, and
increases in extracranial hemorrhage assisted
with warfarin were small.  The authors conclude
that warfarin is substantially more efficacious at
preventing stroke in patients with a fibrillation
than is antiplatelet therapy (by approximately
40%).  (Ann Int Med 2007; 146: 857-867).   ■

FDA Actions
The FDA has strengthened its regulations

regarding dietary supplements, issuing a “final
rule” requiring current good manufacturing prac-
tices for dietary supplements.  The rule ensures
the supplements are produced in a quality man-
ner, do not contain contaminants or impurities,
and are accurately labeled. Manufacturers will
also be required to report all serious dietary sup-
plement-related adverse events to the FDA by the
end of the year.

Pregabalin (Lyrica-Pfizer) has been approved
for the treatment of fibromyalgia, the first drug
approved for this indication.  Fibromyalgia,
which is characterized by pain, fatigue, and sleep
problems, affects up to 6 million people in United
States. Approval was based on 2 double-blind,
controlled trials involving 1,800 patients that
showed improvement in pain symptoms at doses
of 300 mg or 450 mg per day.  The drug has
already been approved for partial seizures, pos-
therpetic neuralgia, and diabetic neuropathy.  ■
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