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Introduction

Adverse drug events (ades) are unwanted consequences
of drug therapy and have important implications for each

patient, the treating physician, and the institution itself. When
assessing adverse effects, prescribing healthcare workers should
pay particular attention to ADEs that interrupt the patient’s thera-
peutic regimen and hence increase the patient’s length of stay in the
hospital.  Warfarin is a drug with a narrow therapeutic index that is
known to interact with numerous drugs, including fluoroquinolones
such as ciprofloxacin and levofloxacin.1-3 Recently, several cases of
warfarin-moxifloxacin interaction have been reported in the litera-
ture, some of which resulted in hemorrhagic events or interruption
of warfarin therapy.1-3 In view of the fact that excessive QTc interval
prolongation may lead to adverse cardiac events, clinicians should
be educated on the comparative propensity of commonly prescribed
fluoroquinolones (levofloxacin, moxifloxacin) to cause QTc inter-
val prolongation. This article will: 1) review the published case
reports of moxifloxacin-warfarin interaction and 2) review the car-
diac rhythm safety profile of moxifloxacin.

Interaction with Warfarin

There have been several case reports of a suspected interaction
between warfarin and fluoroquinolones, levofloxacin, moxifloxacin,
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ofloxacin, norfloxacin and, most frequently,
ciprofloxacin, resulting in prolonged prothrombin
times.1-3 The mechanism of interaction between warfarin
and fluoroquinolones has not been established, but may
involve the effect of fluoroquinolones on the inhibition
of warfarin metabolism, the displacement of warfarin
from protein-binding sites, and the inhibition of vitamin
K-producing intestinal flora.2,3

In 2005, 8 cases of elevations in international nor-
malized ratios (INRs) when moxifloxacin was added
to patients receiving warfarin were reported in 2
published case report series.2,3 Table 1 summarizes
the characteristics of these patients, warfarin dosage
prior to admission, INR value prior to moxifloxacin
therapy, time to onset of interaction, maximal INR
values and corresponding time during therapy,
actions taken to reverse the elevation in INRs, and
any hemorrhagic complications observed. All
patients were on stable oral anticoagulation regi-
mens prior to the initiation of moxifloxacin during
hospitalization, with the exception of case 8. The
addition of moxifloxacin resulted in a significant
increase in INR in all cases, with a decline seen after
the discontinuation of moxifloxacin.2,3 Warfarin
therapy had to be withheld for an average of 3 days
(range, 1-6 days), and discontinued in one case.
Four of the 8 patients required the administration of
vitamin K, with case 1 requiring a blood transfusion
of packed red blood cells and fresh frozen plasma.

Although only one patient experienced an adverse
clinical event, the elevated INRs placed all patients
at an increased risk for bleeding complications, and
contributed to the lengthened hospitalization for 3 of
the 8 patients.2,3 Of the other medications concur-
rently taken by these patients, azithromycin has
been reported to possibly interact with warfarin.
Azithromycin has a long half-life (~57 hours) after
multiple-dose administration and may have potenti-
ated the hypoprothrombinemic response observed in
cases 3 and 5.3 Allopurinol is known to interact with
warfarin, however, the 2 patients that were on allop-
urinol had been taking it on a regular basis, prior to
hospital admission, with a stable, therapeutic INR.
Furthermore, it should be noted in case 5 that war-
farin was inadvertently ordered at a higher dosage
than the patient’s usual regimen, which may have
contributed to the increase in INR with or without
the addition of moxifloxacin.3 Finally, the Naranjo
probability scale was used to assess the moxi-
floxacin-warfarin interaction in cases 1 through 5.
The interaction in cases 1, 2, and 3 was judged as a
probable cause for the hypoprothrombinemic
response, and the interaction in cases 4 and 5 was
judged as a possible cause.3

Although the prescribing information for moxi-
floxacin states that there is no interaction between
moxifloxacin and warfarin, the case reports
described here show that a potential interaction does
exist in some patients. The premarketing study noted
in the prescribing information included 24 healthy
volunteers who received oral moxifloxacin 400
mg/day for 8 days, with a single dose of warfarin 25
mg given on day 5.4 No significant elevations in INR
were documented in the study. However, the use of
warfarin in this study is not consistent with the usual
course of warfarin in the clinical setting, where
patients are often titrated and maintained on a war-
farin dose to achieve an INR within a therapeutic
range. The concomitant therapy of warfarin and
moxifloxacin, as well as ciprofloxacin or lev-
ofloxacin should be administered with caution, and
frequent INR monitoring is recommended.

Cardiac Rhythm Safety Profile of Moxifloxacin

As a consequence of its intrinsic potential to block
the rapid-component delayed-rectifier (Ikr) potassi-
um channel in the heart,5 moxifloxacin increases the
QTc interval by 6 ms,6 a degree of prolongation that
is less than the effects associated with either erythro-
mycin (8 to 15 ms) or doxepin (22 ms).7 The Com-
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Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8

Reference Elbe DH, et al.

(2005)

Elbe DH, et al.

(2005)

Elbe DH, et al.

(2005)

Elbe DH, et al.

(2005)

Elbe DH, et al.

(2005)

Arnold LM, et al.

(2005)

Arnold LM, et al.

(2005)

Arnold LM, et al.

(2005)

Patient Age

(y)/Gender

83/M 73/F 92/M 75/M 63/M 78/F 50/F 74/M

Reason for

Hospital

Admission

Acute bacterial

pneumonia 

exacerbating

chronic 

bronchitis

CHF 

exacerbation

Pneumonia Acute bacterial

pneumonia

exacerbating

chronic bronchi-

tis and asthma

CHF 

exacerbation

and possible

community-

acquired pneumonia

Progressive

weakness

Nonhealing

ulcer on the left

lower extremity

Emergent repair of

a ruptured aortic

aneurysm (devel-

oped postoperative

pneumonia)

Warfarin

Dosage Prior to

Admission

(mg/day)

4 2.5 3 2 on days 1 and

2, 2.5 on day 3

of a 3-day cycle

5 alternating

with 2.5 every

other day

5 5 Noned

INR Prior to

Moxifloxacin

2.2a 2.3a 2.4a 3.3a 2.6a 3.0a 2.4c 1.8

Time to Onset

of Reaction (d)

INR not

checked until

day 6

1 INR not

checked until

day 5

3 INR not

checked until

day 3

2 4 1

Maximal INR

Value/Time

During Therapy

9.0/day 6 of 11 10.4/day 7 of 8 12.8/day 5 

of 14

5.7/day 4 of 4 8.6/day 3 of 5 6.2/day 5 of 13 7.3/day 6 of 7 4.2/day 2 of 3

Action Taken Warfarin

stopped; 3 doses

of vitamin K

5mg IM, 2 units

of pRBCs, 2

units of FFP given

Warfarin 

withheld for 5

days; vitamin K

5mg SC given

Warfarin 

withheld for 1

day; vitamin K

5mg SC given

Warfarin 

withheld for 2

days

Warfarin 

withheld for 3

days

Warfarin 

withheld for 6

days, restarted

for 6 days, then

withheld again

for 3 days

Warfarin 

withheld for 4

days; vitamin K

10mg given

Warfarin dose

decreased for 1

day, then with-

held for 2 days

Hemorrhagic

Complication

Upper GI bleed None None None None None None None

Medical History Atrial 

fibrillation,

COPD

Generalized

anxiety disorder,

CHF atrial 

fibrillation, 

history of

esophageal 

cancer

CHF, 

depression,

mixed dementia,

type II diabetes

mellitus, atrial

fibrillation

Aortic stenosis,

bioprosthetic

aortic valve

replacement,

mitral regurgita-

tion, chronic

atrial fibrillation

Cardiomyopathy,

atrial fibrillation

Chronic atrial

fibrillation,

hypertension,

chronic heart

failure, atrioven-

tricular nodal

ablation, COPD

Left below-the-

knee amputa-

tion, chronic

heart failure,

atrioventricular

nodal ablation,

COPD

Benign prostatic

hyperplasia,

hyperlipidemia

Other 

Medications

Prior to 

Admission

Verapamil,

inhaled albuterol,

ipratropium 

bromide, 

fluticasone

Clonazepam,

lorazepam,

furosemide,

prochlorperazine,

citalopram,

atenolol, omepra-

zole, spironolactone

Furosemide Sotalol, inhaled

budesonide

Allopurinol,

carvedilol, 

valsartan, 

digoxin,

furosemide,

spironolactone

Allopurinol,

irbesartan, 

prednisone, 

atorvastatin

Digoxin,

omeprazole,

ethinyl estradi-

olnorgestrel,

fenofibrate,

levothyroxine 

None

Other 

Medications

Started During

Hospitalization

Prednisone,

theophylline,

oxazepam

IV cefuroxime,

azithromycin prior

to switching to

clindamycin and

moxifloxacinb,

citalopram

Methylpred-

nisolone, nebu-

lized albuterol

and ipratropium

bromide,

IV cefuroxime,

azithromycin

prior to switching

to moxifloxacinb,

lorazepam, dex-

tromethorphan

Vancomycin 1g

IV prior to

switching to

moxifloxacind

Zosyn 3.375g

q8h; levofloxacin

IV 500mg/d prior

to switching to

moxifloxacinb

Table 1

INR Responses to Concomitant Moxifloxacin-Warfarin Therapy

a Therapeutic INR range = 2.0-3.0; b Oral moxifloxacin 400mg/day; c Therapeutic INR range = 2.5-3.5; d Warfarin was started on hospital day 9 due to recurrent atrial flutter (INR

was administered). Patient’s warfarin daily dose was gradually titrated from 1mg to 5mg over 10-14 days with INR values ranging from 1.1 to 1.5 during titration.



mittee for Proprietary Medicinal Products proposed
that an increase in the QTc of greater than 60 ms and
a QTc exceeding 500 ms “raises clear concern about
the potential risk for arrhythmias”.8

Morganroth and colleagues conducted a prospec-
tive, double-blind, multicenter, noninferiority study
(n = 387) that compared the cardiac rhythm safety
of moxifloxacin (400 mg/d sequential IV/oral) with
that of levofloxacin (500 mg/d sequential IV/oral)
in elderly patients with community-acquired pneu-
monia.9 The primary end point was the composite of
fatal/nonfatal cardiac arrest, sustained monomor-
phic or polymorphic ventricular tachycardia with-
out cardiac arrest, and nonsustained monomorphic
or polymorphic ventricular tachycardia, based on
Holter monitoring. In addition, pre-treatment and
post-third dose 12-lead electrocardiograms were
obtained from 117 patients to assess the incidences
of QTc prolongation in excess of 30 ms and 60 ms,
along with the mean QTc changes for moxifloxacin-
and levofloxacin-treated patients.

Of note, the study population was comprised of
quite aged and less healthy patients, as two-thirds of
the patients were 75 years and older, and nearly 75%
of the subjects had a history of cardiac disease. The
null hypothesis presented in this study stated that the
incidence rate of ventricular arrhythmias seen during
levofloxacin treatment would be at least 10% lower
than the rate reported with moxifloxacin. The pre-
specified upper and lower limits of a 2-sided 95%
confidence interval (CI) were < 10% and < 0, respec-
tively. Moxifloxacin was shown to be noninferior to
levofloxacin, as 8.3% of moxifloxacin-treated
patients and 5.1% of the levofloxacin-treated patients
experienced the primary end point (95% CI, -1.8 to
8.2, P = 0.49). A QTc prolongation of 30 to 60 ms,
using the Bazett formula, was observed in 15.5% of
moxifloxacin-treated patients and in 6.8% of lev-
ofloxacin-treated patients (P = 0.58). When the
investigators used Fridericia’s formula, QTc prolon-
gation of 30 to 60 ms was observed in 10.3% and in
6.8% of moxifloxacin-and levofloxacin-treated
patients, respectively (P = 1.0). One patient from
each treatment group experienced a QTc increase in
excess of 60 ms. The mean QTc changes on day 3
using Bazett’s formula and Fridericia’s formula were
5.3 ± 23.7 ms and 6.4 ± 23.2 ms, respectively, for the
moxifloxacin treatment group. The levofloxacin-
treated subjects showed a mean QTc change of -5.1 ±
25.8 ms with the Bazett correction, and a mean QTc
change of -2.5 ± 22.9 ms with Fridericia’s correction.

To date, no study has compared the cardiac

rhythm safety profiles of moxifloxacin (400 mg/d)
with that of higher-dose levofloxacin (750 mg/d).
However, Noel and colleagues evaluated the effects
of levofloxacin (500 mg, 1000 mg, 1500 mg) admin-
istered as single doses to 48 healthy volunteers in a
4-way crossover, double-blind, randomized, place-
bo-controlled study.10 Increases in QTc intervals
after a single dose of levofloxacin 1000 mg, ranged
from 1.55 8.48 ms to 3.93 7.13 ms with the Bazett
correction. Increases in QTc intervals (using
Bazett’s formula), following a single dose of lev-
ofloxacin 1500 mg, ranged from 6.40 ± 9.63 ms to
7.73 ± 7.92 ms.

Conclusion

At present, the prescribing information for moxi-
floxacin states that there is no interaction between this
drug and warfarin; the case reports described here
refute this claim. Consequently, concomitant therapy
of warfarin and moxifloxacin (or ciprofloxacin, lev-
ofloxacin) should prompt clinicians to monitor INRs
more frequently during a treatment course. In addi-
tion, moxifloxacin appears to have a comparable car-
diac rhythm safety profile to levofloxacin, as both
drugs are equally likely to induce an increase in the
QTc in excess of 60 ms.   ■
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Abacavir/Tenofovir- and
Didanosine/Tenofovir- 
Regimens
A B S T R A C T S  &  C O M M E N T A R Y

By Dean L. Winslow, MD, FACP
Chief, Division of AIDS Medicine, Santa Clara Valley 
Medical, Clinical Professor of Medicine, Stanford University
School of Medicine
Dr. Winslow is a consultant for Bayer Diagnostics and Pfizer/Agouron, and is

on the speaker’s bureau for Pfizer/Agouron.

Synopsis: In a trial that included antiretroviral-naïve
patients randomized to either tenofovir (TDF)/aba-
cavir (ABC)/lamivudine (3TC) or efavirenz
(EFV)/abacavir/lamivudine. Patients in the
TDF/ABC/3TC arm had a significantly higher risk
of nonresponse or virologic failure. In a trial with
treatment-naïve patients given TDF/didanosine
(ddI)/EFV, a high rate of virologic failure/nonre-
sponse was seen.

Sources: Gallant JE, et al. Early Virologic Nonresponse to
Tenofovir, Abacavir, and Lamivudine in HIV-Infected Anti-
retroviral-Naïve Subjects. J Infect Dis. 2005;192:1921-1930;
Van Lunzen J, et al. High Rate of Virologic Failure During
Once Daily Therapy with Tenofovir + Didanosine 250 mg +
Efavirenz in Antiretroviral Naïve Patients: Results of the
TEDDI Trial. Program and Abstracts of the 3rd IAS Confer-
ence on HIV Pathogenesis and Treatment; 2005; Abstract #
TuP p0306.

The first article reports the results of an
industry-sponsored clinical trial comparing

TDF/ABC/3TC vs EFV/ABC/3TC in treatment-
naïve patients. Three hundred forty patients were
randomized. Baseline characteristics including
CD4 count and HIV RNA level were similar

between the arms. In an unplanned interim analysis
performed in patients who had received at least 8
weeks of therapy, only 5 patients (5.4%) of patients
in the EFV experienced virologic nonresponse,
whereas 50 patients (49%) in the TDF group failed
to respond. In patients on the TDF/ABC/3TC arm
failing therapy, K65R with or without M184V was
commonly seen.

The second paper (presented at last summer’s IAS
Conference in Brazil) reported the results of European
pilot study of TDF/ddI/EFV in 39 treatment-naïve
patients. Virologic failure (or initial nonresponse)
occurred in 11 (28%) patients. NRTI substitutions
observed in failing patients included K65R and L74V.
nnRTI substitutions included 101E, 103N, 188C, and
190S/E. This study was terminated early by European
regulatory authorities.

■■ COMMENTARY
The cornerstone of antiretroviral (ARV) therapy

since 1996 has consisted of regimens containing 2
nucleoside analog reverse transcriptase inhibitors
(NRTIs) plus either a protease inhibitor (PI) or a
non-nucleoside RT inhibitor (nnRTI). However, due
to the increased potency of newer NRTIs and toxici-
ties associated with nnRTIs and PIs (especially
metabolic side effects with the latter), there has been
interest in triple-nucleoside combination therapy.
Unfortunately, despite the intrinsic potency of ABC,
3TC, and TDF individually (and in the double com-
binations of ABC/3TC and TDF/3TC or TDF/FTC),
the rate of virologic failure and development of
resistance-associated substitutions was surprisingly
high with the triple nucleoside combination. Simi-
larly, the double combination of ABC/TDF appears
to be much less potent in vivo than either ABC/3TC
or TDF/3TC or TDF/FTC, but does select for resist-
ant variants.

The explanation for the poor performance of these
regimens in unclear and may be multifactorial. In vitro
studies do not show antagonism between these agents
in cell culture. Pharmacokinetic studies do not show
any interaction of these drugs which is reflected in plas-
ma levels.  Even in vitro studies of PBMCs to date have
not shown conclusively any significant reductions of
intracellular levels of nucleoside triphosphates when
various combinations of these nucleosides are incubat-
ed with PBMCs in vitro. PMPA (the active moiety of
TDF) inhibits purine nucleoside phosphorylase (PNP)
and may cause accumulation of naturally-occurring
dNTPs, favoring incorporation of the natural dNTPs
over the other purine analog NRTIs,1 but data suggest-
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ing alteration of nucleotide pools in vivo to the magni-
tude necessary to produce virologic nonresponse are
equivocal. However, this inhibition of PNP by TDF is a
likely explanation for the enhanced toxicity and CD4
cell decline seen with TDF combined with ddI in vivo.
Another explanation of the high failure rate seen with
these regimens includes the possibility that nucleosides
and nucleoside analogues are not uniformly distributed
or phosphorylated in different CD4+ cell populations.2

Similarly, recent data suggest that distribution and
metabolism of nucleoside analogue agents may vary
considerably between PBMC’s and lymph node
mononuclear cells due to differential expression of mul-
tidrug resistance (MDR) proteins in various compart-
ments, which affect efflux of nucleoside analogs.3 Last-
ly, a low genetic barrier to resistance to TDF/ABC/3TC
has been postulated since K65R alone may be sufficient
to confer resistance to all 3 drugs in this regimen. How-
ever, only about half of patients genotyped at the time
of virologic failure in the ESS30009 trial had K65R at
the time of virologic failure.

While TDF plus either 3TC or FTC clearly pro-
vides a potent NRTI backbone for either a PI or
nnRTI-containing regimen, it is clear that TDF cannot
be blindly combined with other agents despite evi-
dence of genotypic or phenotypic susceptibility test
results. In any case, it is my personal opinion that reg-
imens combining TDF with either ddI or ABC should
generally be avoided. The California Collaborative
Treatment Group (CCTG) 584 study, which is per-
forming detailed studies of intracellular pharmacoki-
netics of TDF and ABC (including assessment of PNP
and MDR proteins), is currently enrolling patients,
and may shed light on what are complex drug interac-
tion issues.   ■
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An Upgraded Blood 
Test That Identifies 
Tuberculous Infection
By Stan Deresinski, MD, FACP

Synopsis: The CDC recommends that QuantiFERON®-
TB Gold (QFT-G) may be used in all circumstances in
which the TST is currently used, including contact
investigations, evaluation of recent immigrants, and
sequential-testing surveillance programs for infection
control (e.g., those for health-care workers).

Source: Mazurek GH, et al. Guidelines for Using the 
QuantiFERON®-TB Gold Test for Detecting Mycobacterium
tuberculosis Infection, United States. MMWR Recomm Rep.
2005;54(RR15):49-55. Erratum in: MMWR Morb Mortal
Wkly Rep. 2005;54:1288.

Tuberculin skin testing is a crude procedure,
fraught with potential error at every step, from appli-

cation to interpretation, and requires 2 visits to a health
care provider. Its use has persisted, nonetheless, because
it remained, until recently, the only means of detection of
latent infection with Mycobacterium tuberculosis. The
introduction of an in vitro test, QuantiFERON, several
years ago did provide an alternative, but it suffered from
the same problems of cross-reactivity with other
mycobacteria, especially BCG, as did the PPD skin test.
An advanced and much improved version of this test, the
QuantiFERON®-TB Gold (QFT-G) test was approved by
the US FDA in May of this year, and has replaced the
older version which is no longer available.

The QFT-G test utilizes an ELISA test to quantify IFN-
release in fresh, heparinized, whole blood incubated with
mixtures of synthetic peptides representing 2 proteins of
M. tuberculosis, culture filtrate protein-10 (CFP-10) and
early secretory antigenic target-6 (ESAT-6). These anti-
gens are absent from BCG vaccine strains, as well as from
most non-tuberculous mycobacteria with the exception of
the photochromogens, M. kansasii and M. szulgai, and the
scotochromogen, M. marinum. This relative antigenic
selectivity allows improved specificity of QFT-G relative
to the discontinued QFT or to PPD skin testing. Of partic-
ular importance is that QFT-G results are not affected by
prior BCG vaccination; its specificity in BCG-vaccinated
individuals has been reported to be 96% to 98%, which
compares very favorably to PPD skin testing with a speci-
ficity reported to be 49%. At the same time, it appears to
have good sensitivity, reported in patients with culture-
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positive active tuberculosis to be similar to that of PPD
skin testing, at approximately 80%.

An important drawback to the use of QFT-G is that
incubation with the test antigens (which continues for 16-
24 hours) must be initiated within 12 hours of phlebotomy.
This requires relatively close proximity to the laboratory
performing the test. The performance of the test in
immunocompromised patients, such as those with AIDS,
has not been evaluated, but its sensitivity is likely to be
reduced, as is true for PPD skin testing. QFT-G, of course,
in contrast to PPD skin testing, produces no boosting
effect—which may be a good or a bad thing, depending on
your point of view and circumstance.

The CDC states that the QFT-G test can be used in all
circumstances in which PPD skin testing is currently uti-
lized. These include contact investigation, evaluation of
recent immigrants with a history of BCG vaccination (in
whom QFT-G would appear to have particular value), and
screening of health care workers and other undergoing
serial screening. In each of these circumstances, the QFT-
G may replace the skin test; there is no reason to follow a
positive QFT-G with a PPD skin test.   ■

S. aureus:The Nose Knows
A B S T R A C T  &  C O M M E N T A R Y

By Stan Deresinski, MD, FACP

Synopsis: In 2001-2002, an estimated 89.4 million
individuals in the United States were nasally colonized
with S. aureus and 2.3 million with MRSA.

Source: Kuehnert MJ, et al. Prevalence of Staphylococcus
aureus Nasal Colonization in the United States, 2001-2002.
J Infect Dis. 2006;193:172-179.

Samples obtained by swabbing both nares of
almost 10,000 individuals > 1 year of age in the US

National Health and Nutrition Survey (NHANES) in
2001-2002 were cultured on mannitol salt agar. S.
aureus was identified in 32.4% of subjects and 0.8%
were colonized with methicillin resistant S. aureus
(MRSA). Extrapolated to the entire US population, it
was estimated that approximately 89.4 million were
nasally colonized with S. aureus and 2.3 million with
MRSA.

The prevalence of S. aureus colonization was highest
in individuals 6 to 11 years of age. MRSA colonization
was associated with female gender and age > 60 years;
health care exposure was not a significant risk factor. In

unweighted analyses of a sample of isolates, one or
more toxin genes (enterotoxins A-H, PVL, TSST-1 were
sought) were identified in 52% of methicillin susceptible
S. aureus (MSSA) and 76% of MRSA. TSST-1 was the
most commonly identified virulence gene in MSSA,
while enterotoxin D was most frequent in MRSA. Fifty-
one percent of MRSA carried SCCmec type II and 49%
carried SCCmec type IV. All MRSA isolates with the
PVL gene carried SCCmec type IV. The PVL gene was
detected in only 1% of MSSA.

■■ COMMENTARY
This extensive study gives us a snapshot (albeit at slow

shutter speed) of the prevalence of nasal colonization
with MSSA and MRSA in the United States in 2001 and
2002. Its overall results are consistent with those of pre-
vious studies, with approximately one-third being colo-
nized at this site with S. aureus, representing an astound-
ing estimated 89.4 million individuals. The prevalence of
MRSA nasal colonization was only 0.8%, but this extrap-
olates to approximately 2.3 million people.

It is quite likely that a repeat of this study now would
find a significantly greater prevalence of nasal coloniza-
tion with MRSA, as community-acquired strains carry-
ing SCCmec type IV continue their spread. An increased
prevalence of MRSA colonization has recently been
documented in homeless youth in San Francisco, as well
as children in Nashville and in Houston.

It should also be noted that only one site—the nares—
was evaluated for colonization. Studies have shown that a
greater yield is obtained when additional sites, such as
the axillae and inguinal areas, are sampled.   ■

That Which Bends Up
A B S T R A C T  &  C O M M E N T A R Y

By Stan Deresinski, MD, FACP

Source: Chikungunya Outbreak in Réunion: Epidemiology
and Surveillance, 2005 to Early January 2006 
Eurosurveillance Weekly Release—Thursday, February 2, 2006.
www.eurosurveillance.org

Synopsis: Chikungunya virus infection is surging in
islands of the Indian Ocean, as well in other endemic
areas.

More than 5000 people in the comoros islands,
off the eastern coast of Africa and near Madagas-

car, became ill with high fever and severe joint paints
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in the first months of 2005. Their illness, which proved
to be due to chikungunya virus infection, then
appeared in other Indian Ocean islands, including
Mayotte, Mauritius, the Seychelles, and in Reunion,
where the outbreak has persisted and expanded, affect-
ing more than 7000 inhabitants through early January,
2006. Since then, disease activity has markedly accel-
erated on Reunion, with 15,000 new cases occurring in
one week alone, and with the total number of cases
having exceeded 50,000, representing an attack rate of
9.4 per 1000 residents.

In Reunion, approximately 4% of patients were hospi-
talized but none were known to have died. A newly iden-
tified severe manifestation of infection, meningoen-
cephalitis, was, however, been observed in 12 patients. 
Six of the 12 were neonates born to mothers with acute
infection; all developed symptoms within 5 days of birth.

■■ COMMENTARY
Chikungunya, a positive strand RNA virus of the

Alphavirus genus, was first isolated from a human in
Tanzania in 1952. It is present in Africa, India, Southeast
Asia, Indonesia and the Philippines. Chikungunya has
resurged in recent years in a number of locations. As an
example, it caused outbreaks in 1999 and 2000 in Kin-
shasa, DRC, a country in which it had not been identified
in almost four decades.1 It has re-emerged in this current
decade in Indonesia, where it had previously been quies-
cent.2 Now it is affecting large numbers of people on
islands of the western Indian Ocean near Africa.

In Africa, Chikungunya occurs in predominantly rural
tropical areas where it is maintained in a sylvatic cycle
and involving a primate-mosquito cycle (with rodents
possibly involved), while in Asia, transmission is often
urban, with explosive outbreaks, involving a human-
mosquito cycle. In each case, the mosquitoes involved
are Aedes. Outbreaks in large urban areas of India and
Southeast Asia have involved hundreds of thousands of
patients. Some of the urban outbreaks have occurred
contemporaneously with outbreaks of dengue fever.
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Clinical manifestations of chikungunya are similar to
those of dengue, with the abrupt onset of fever, chills,
headache, photophobia, myalgias, severe arthralgias, and a
maculopapular skin eruption. Chikungunya is a Swahili
word for “that which bends up”, describing the effects of the
severe joint pains associated with this disease on the posture
of the affected individual. A highly related alphavirus caus-
ing similar symptoms seen in Africa, o’nyong-nyong is
derived from the Acholi word for joint breaker. Dengue
virus, an unrelated flavivirus, which has been known as
“break bone fever” for several centuries, causes clinical
manifestations which are indistinguishable from those
caused by these other 2 viruses. Other viruses that cause
severe joint symptoms include Mayaro, Ross River, Sindbis
and Barmah Forest, all of which are alphaviruses.

While the infection is usually self-limited, hemor-
rhagic manifestations have been described. The iden-
tification of meningoencephalitis in infants and adults
with chikungunya in Reunion appears to be a novel
finding.   ■

References
1. Pastorino B, et al. Epidemic Resurgence of 
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J Med Virol. 2004;74:277-282.

2. Laras K, et al. Tracking the Re-Emergence of 
Epidemic Chikungunya Virus in Indonesia. Trans R
Soc Trop Med Hyg. 2005;99:128-141.

Of Mice and Men and 
Streptococci
A B S T R A C T  &  C O M M E N T A R Y

By Joseph F. John, Jr., MD
Chief, Medical Subspecialty Services, Ralph H. Johnson Vet-
erans Administration Medical Center, Professor of Medicine,
Medical University of South Carolina, Charleston
Dr. John does research for Merck, is a consultant for Cubist, Roche, and bioMerieux,

and is on the speaker’s bureau for Pharmacia, GSK, Merck, Bayer, and Wyeth.

Synopsis: Group A Streptococcal Carbohydrate is both
immunogenic and protective against GAS infections.

Source: Sabharwal H, et al. Group A Streptococcus (GAS)
Carbohydrate As An Immunogen for Protection Against GAS
Infection. J Infect Dis. 2006;193:129-135.

Microbiologists have been trying for years
to make an effective vaccine against infections

caused by the Group A Streptococcus (GAS). The
best hope has been a vaccine that targets the outer
carbohydrate (CHO) coat, since antibodies to these
antigens increase with age and there is less GAS
disease as humans age.

Workers at Rockefeller University in New York
have been hot on the path of a CHO-based vaccine.
They previously showed that linking CHO to
tetanus toxoid produces an improved response over
CHO alone. Infectious disease providers are famil-
iar with the relative success of CHO-based pneumo-
coccal vaccine, so tweaking the CHO of GAS seems
a reasonable approach to preventing infection with
this streptococcus. Sabharwal and colleagues asked
3 new questions: 1) Are antibodies to the new CHO
preparation protective in a mouse model?; 2) Is oral
colonization affected by parenteral vaccine in
mice?; and 3) Is oral GAS correlated with serum
antibodies against CHO?

It is of interest that one of the study strains is a
descendent of original isolate—now called D58X—
now known to be an M protein-negative mutant.

The production of the CHO is the meat of this
work. Then comes its binding to tetanus toxoid
(TT). The final conjugate actually contains about 3
polysaccharide chains/mole of tetanus toxoid.

In this study, immunization was through the
intranasal route as a QOD administration of 27
ug/20uL. The nasal vaccine was mixed with cholera
toxin. The mice were allowed to recover for 3
weeks. Challenge with GAS was through the
intraperitoneal, as well as the oral route. There was
also a passive immunization arm using antibody
raised against the CHO-TT in complete Freund’s
adjuvant, as well as an active immunization arm, in
this case using the CHO-TT with 2 doses given 3
weeks apart.

There was a human part of the study: 306 Mexi-
can children were tested for their anti-CHO antibody
and to determine if they were GAS carriers.

Finally there was a substudy done to determine if
the anti-CHO reacted with a variety of human tissue.
Those tissues were harvested within 12 hours of death.

The results were very encouraging. The passive
immunization study showed good protection from
intraperitoneal challenge with GAS. In active immu-
nization studies, mice survived at a rate approaching
80%, much better than the controls 80% of which
died. The intranasal studies (even though older mice
are not well colonized with GAS) showed reduction
of colonization rates in young mice.

In the human studies, high titres of anti-GAS-CHO
correlated well with colonization of GAS. Anti-GAS-
CHO titres correlated with lower rates of GAS-posi-
tive cultures in throats of Mexican children.

In the cross reaction studies, the anti-CHO did not cross
react with human tissue including brain, heart, and kidney.
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■■ COMMENTARY
Mice are not men, and Sabharwal et al tried to

include aspects of human colonization by showing
that anti-CHO antibody could protect from invasive
disease in mice, as well as reduce the colonization
in throats of Mexican children.

The bottom line is that we are ready for human
studies, and these human studies can be based on
the good immunogenicity of the GAS-CHO-TT, as
well as the lack of cross reaction in autopsy tissue
from human heart, kidney, and brain. Will this be
the vaccine we have waited a century to be devel-
oped? It is hard to say, since invasive GAS disease
is sporadic and will be hard to study in a human
cohort and throat colonization and, thus, subse-
quent GAS pharyngitis may move in waves through
populations.

A vaccine study with GAS-CHO-TT may have to
rest its laurels, if any, on reducing throat coloniza-
tion with the hope that invasive disease will be
lower in the vaccine group. Issues remain as to
what is a good target population, can the study be
done in the United States, and what are the long
term sequelae of such a vaccine when antibodies
have cross reacting potential even though prelimi-
nary studies suggest that anti-GAS-CHO may not
be highly tropic for human tissues prepared soon
after autopsy.

This will be an interesting story to follow. A
story that reminds us that we continue in the debt of
Rebecca Lancefield whose early work presented us
with our early streptococcal ABC’s.   ■

CME Question
4. What is one of the most attractive antigens to use in a Group-A

Streptococcal vaccine?
a. The streptococcal M protein
b. Streptococcal ribosomes
c. Group A streptococcal carbohydrate (CHO)
d. The flagellar antigen

CME Objectives
The objectives of Infectious Disease Alert are:
• To discuss diagnosis and treatment of infectious 

diseases;
• To present current data regarding use of new antibi-

otics for commonly diagnosed diseases and new
uses for traditional drugs;

• To present the latest information regarding the pros,
cons, and cost-effectiveness of new and tra-
ditional diagnostic tests;

• To discuss new information regarding how infec-
tious diseases (eg, AIDS) are transmitted and 
how such information can lead to the develop-
ment of new therapeutic drugs.

Correction
In the January issue, we included a letter which

marked the beginning of the next semester of CME. In
the letter we stated that once the CME activity was
complete, the activity would be valid for 6 months. It
should have read that the CME activity would be valid
for 36 months. We apologize for any inconvenience.   ■

Binders
Infectious Disease Alert has sturdy plastic binders avail-

able if you would like to store back issues of the newslet-
ters. To request a binder, please email ahc.binders@thom-
son.com. Please be sure to include the name of the
newsletter, the subscriber number, and your full address.

Readers Are Invited
Readers are invited to submit questions or com-

ments on material seen in or relevant to Infectious
Disease Alert. Send your questions to: Leslie Ham-
lin—Reader Questions, Infectious Disease Alert, c/o
American Health Consultants, PO Box 740059,
Atlanta, GA 30374.   ■

71 March 2006

In Future Issues: Host Factors and Disease Progression

Answer:4. (c)

For access to your 2006 online bonus report, visit:
www.ahcpub.com.



Better Medical Advice

Sources: Rack J, et al. Risk and Spec-
trum of Diseases in Travelers to Popu-
lar Tourist Destinations. J Travel Med.
2005;12:248-253; Hillel O, Potasman I.
Correlation Between Adherence to Pre-
cautions Issued By the WHO and Diar-
rhea Among Long-Term Travelers to
India. J Travel Med. 2005;12:243-247.

Following the tragedy on
the Jamarat Bridge at Hajj in

January 2006, many travel advi-
sors felt the need to re-double
their efforts in providing better
travel advice. While it is widely
acknowledged that this advice is
inconsistently followed, this
recent tragedy, and the rise of
adventure travel, especially
among younger travelers, raises
an interesting opportunity for
physicians practicing empori-
atrics. Much the same as primary
care physicians have been charged
with providing routine safety
advice (eg, wear your seatbelt),
how can a travel medicine spe-
cialist provide more cogent advice
to travelers, and will such advice
result in meaningful changes in
behavior during travel?

These 2 articles highlight the
current trends and challenges
faced by physicians practicing
emporiatrics. Rack and col-
leagues tracked 794 Germans
traveling to popular tourist desti-
nations in tropical countries
(Kenya, Tanzania, Senegal, the
Gambia, Thailand, Nepal, India
and Brazil), who consulted the
Berlin Institute of Tropical Medi-
cine for pre-travel medicine

advice, 83% of whom responded
to a follow-up questionnaire.

The average duration of travel
was 24 days. Trauma occurred in
34 respondents (5.2% of all trav-
elers), about one-fourth of which
involved vehicular accidents and,
by far, resulted in the most severe
injuries. About one-fourth
required medical care, hospital-
ization, or transport back to Ger-
many. An additional 4 persons
were assaulted or robbed. Over-
all, illness or injury affected
nearly half of the group, includ-
ing gastrointestinal complaints
(35%), respiratory illness (14%),
fever (6%), and dermatologic
problems (4%). Ten percent
reported more than one medical
problem. However, medical ill-
ness was generally less severe,
was self-treated in 60% of cases,
and resulted in hospitalization or
transport in only 2 of 282 cases
of medical illness (< 1%).

On the other hand, Hillel and
colleagues confirm the remark-
ably low rate of compliance rate
with travel medicine advice. In
this study, 20% of those traveling
to malaria endemic areas did not
bother to take their malaria pro-
phylaxis. Only a fraction consis-
tently adhered to precautions
regarding food and water. Lack of
compliance with pre-travel medi-
cine advice is not just common, it
appears to be the norm, especially
for younger more adventuresome
travelers. Lack of adherence to
dietary restrictions is difficult,
especially for long-term travelers,
and lacks proven value (with the
possible exception of eating in
people’s homes, eating in restau-

rants and hotels vs street food
seems to result in similar rate of
gastrointestinal illness) (see Kem-
per March 2005).

Rather than emphasizing food
and water precautions, clients
may be better served by provid-
ing clearer statistics on the fre-
quency of routine medical illness
to certain areas, and arming them
with symptomatic remedies for
diarrheal and respiratory illness.
Since injury more frequently
results in a worse outcome,
advice should be tailored to indi-
vidual risk factors and personnel
safety.   ■

Khat Use in an HIV
Methamphetamine User

An hiv-infected patient recent-
ly presented for routine clini-

cal evaluation. She had chronic
HCV infection, a lengthy history
of drug use, most recently
methamphetamines. She was
receiving Truvada and Fosampre-
navir for about 9 months, to which
she was poorly adherent but toler-
ated fairly well. Her CD4 counts
ranged from 200-300s. On presen-
tation, she complained of nausea,
with a bilirubin of 9.4 and serum
transaminases ~10 times the upper
limit of normal. On further ques-
tioning, she was pleased to tell me
that she had cut back on her metham-
phetamine use and, instead, was
using something called khat. She
relayed to me that khat was safe, and
was used by all her Ethiopian friends
in the local community.
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After further investigation, it
is believed that her khat use is
the likely cause of her hepatic
dysfunction. Khat is used
throughout East Africa and Ara-
bian countries as a mild central
stimulant and euphoriant. Khat
is derived from the Catha edulis
plant (and is also referred to as
Abyssinian Tea, Arabian Tea,
Kat, Gat, Caat, Qut, Tobia or
Tchaad). The leaf and stems
contain cathine, which has
about one-tenth the stimulant
effect of d-amphetamine, and
cathinone, which is a more
powerful stimulant then
cathine, and closely resembles
ephedrine and amphetamine in
chemical structure.

When taken orally, khat initial-
ly results in increased alertness,
talkativeness, hyperactivity, and
anxiety; higher doses result in
aggressive behavior, mania, and
paranoia. Cardiovascular side
effects include tachycardia, pal-
pitations, sweating, and hyper-
tension. Chronic use can result
in paranoia and psychosis,
although psychotic breaks occur
less commonly than with
amphetamines. In men, Khat ini-
tially increases libido, but chron-
ic use results in diminished sex-
ual drive, spermatorrhea, and
impotence. Other side effects
include insomnia, malaise,
pupillary dilation, stomatitis,
esophagitis, periodontal disease,
constipation, diminished
appetite, and weight loss. It has
also been linked to migraine,
cerebral hemorrhage, pulmonary
edema, myocardial infarction,
hepatic dysfunction, and cirrho-
sis. Interestingly, cases of Fascio-
la hepatica have been reported in
khat users, most likely from con-
tamination of the freshly picked
damp leaves.

Khat is considered to be a
dependence-producing drug by
the World Health Organization.
It is not physically addicting, but
it is associated with psychologi-
cal dependence. Because of its
stimulant properties, khat use
has been, in part, blamed for the
aggression and civil conflict in
Somalia and in other Arab coun-
tries. It might be interesting to
question patients of East
African, Middle Eastern, or Arab
decent regarding their use of
khat, especially those with liver
function test abnormalities.
Whether the drug was grown
locally or imported was not
determined.   ■

Rifaximin 
Prophylaxis for 
Travelers Diarrhea

DuPont HL. A Randomized, Double-

Blind, Placebo-Controlled Trial of Rifax-

imin to Prevent Travelers’ Diarrhea.

Ann Intern Med. 2005;142:805-812. 

Erratum in: Ann Intern Med. 2005;143:239

Rifaximin is a rifamycin
derivative that is poorly

absorbed through the intestinal
tract (< 0.4%), and has broad activ-
ity against many of the bacterial
pathogens that commonly cause
travelers diarrhea. DuPont and col-
leagues investigated the effective-
ness of rifaximin in 210 young
adults traveling from the United
States to Mexico in the prevention
of travelers’ diarrhea. Travelers
were randomized to rifaximin 200
mg once, twice, or 3 times daily vs
placebo for 14 days. The study was
double-blinded. Stool samples
were collected for culture at one
and 2 weeks of study.

Rates of diarrhea (defined as
≥ 3 unformed stools per day plus
at least one other gastrointestinal
symptom or fever) were signifi-
cantly lower in all rifaximin
groups compared with placebo.
At week 1, rates of diarrhea var-
ied from 2% to 13.5% in the
rifaximin group vs 31.5% in the
placebo group (P < .001). At
week 2, in those that had been
diarrhea-free at week 1, rates of
diarrhea varied from 6.7% to
10.2% in the rifaximin groups vs
32.4% in the placebo group (P <
.01). In those who were diar-
rhea-free at the end of study,
rates of diarrhea increased
slightly in rifaximin users but
not significantly more so than in
placebo users.

Enterotoxigenic E. coli
(ETEC) was the most important
pathogen observed in this study.
A statistical significant reduc-
tion was observed in the fre-
quency of isolation of ETEC in
those receiving rifaximin
(7.1%) compared with the
placebo group (40.7%). Median
colony counts of coliforms and
enterococcal species did not
significantly differ between the
treatment and placebo groups,
and there was no apparent
increase in resistance of gram
positive and gram negative flora
during rifaximin use. The pro-
tection rate of rifaximin against
mild diarrhea and ETEC diar-
rhea was 83%. This is similar to
the effectiveness of fluoro-
quinolones when used as pro-
phylaxis, but better than that
afforded by probiotics and bis-
muth-containing compounds.
DuPont et al suggest that travel-
ers take a single daily dose of
rifaximin with their riskiest
meal of the day.   ■
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APerspective article in the Jan. 17 Annals of
Internal Medicine reviews pain manage-
ment in patients with a history of opioid

addiction who are receiving opioid agonist ther-
apy (OAT) with maintenance methadone or
buprenorphine. These patients present unique
challenges that frequently result in suboptimal
treatment of acute pain. 

The authors provide an excellent review of
these challenging patients and point our 4 com-
mon misconceptions: 1) Maintenance opioids
provide analgesia—not only is this not the case,
but OAT may reduce the effectiveness of stan-
dard pain relief measures; 2) Opioids for analge-
sia may result in addiction relapse—there is no
evidence that treatment of acute pain triggers
relapse; 3) The additive effects of opioid anal-
gesics and OAT may cause respiratory and CNS
depression—tolerance to the respiratory and
CNS effects of opioids develops rapidly and is
not exacerbated by acute therapy; 4) Reporting
pain is drug-seeking behavior—as long as there
is clinical evidence of pain, or an acute injury,
pain may be safely treated. Drug seeking and
manipulation is more likely characterized by
vague reports of long-term pain than requests
for short term pain relief. Plus, patients on OAT
are less likely to experience euphoria associated
with coadministered opioids, so there is less
incentive to drug seek.

The authors provide specific pain treatment
recommendations for patients on methadone and
buprenorphine. They conclude,  "Addiction elic-
its neurophysiologic, behavioral, and social
responses that worsen the pain experience and
complicate provision of adequate analgesia.

These complexities are heightened for patients
with opioid dependency who are receiving OAT,
for whom the neural responses of tolerance or
hyperalgesia may alter the pain experience. As a
consequence, opioid analgesics are less effective;
higher doses administered at shortened intervals
are required. Opioid agonist therapy provides lit-
tle, if any, analgesia for acute pain. Fears that opi-
oid analgesia will cause addiction relapse or
respiratory and CNS depression are unfounded.
Furthermore, clinicians should not allow con-
cerns about being manipulated to cloud good
clinical assessment or judgment about the
patient's need for pain medications. Reassurance
regarding uninterrupted OAT and aggressive
pain management will mitigate anxiety and facili-
tate successful treatment of pain in patients
receiving OAT" (Alford DP, et al. Ann Intern Med.
2006;144:127-134). 

Long-Term Effects of Warfarin Use
Warfarin use may be associated with osteo-

porosis and fractures in men, but not women,
with atrial fibrillation, according to new study.  In
a retrospective cohort study of Medicare benefici-

March 2006 / PHARMACOLOGY WATCH® 1

Supplement to Clinical Cardiology Alert, Clinical Oncology Alert, Critical Care Alert, Infectious Disease Alert, Internal Medicine Alert, Neurology
Alert, OB/GYN Clinical Alert, Primary Care Reports, Travel Medicine Advisor.

Treating Opioid-Dependent Patients with OAT

This supplement was written by William T. Elliott, MD, FACP,
Chair, Formulary Committee, Kaiser Permanente, California
Division; Assistant Clinical Professor of Medicine, University 
of California-San Francisco.  In order to reveal any potential
bias in this publication, we disclose that Dr. Elliott reports no
consultant, stockholder, speaker’s bureau, research, or other
financial relationships with companies having ties to this field 
of study. Questions and comments, call: (404) 262-5416. 
E-mail: leslie.hamlin@thomson.com.



aries with atrial fibrillation in United States, 4461
patients on long-term warfarin therapy were
compared to 7587 patients who were not pre-
scribed warfarin.  The adjusted odds ratio of frac-
ture was 1.25 in patients who took warfarin (95%
CI, 1.06-1.48).  The odds ratio for men was 1.63,
and a nonsignificant 1.05 for women.  In patients
who were prescribed warfarin for less than one
year, the risk of osteoporotic fracture was not
increased significantly.  The authors speculate
that since warfarin blocks vitamin K dependent
clotting factors, it may also block vitamin K
dependent osteocalcin and other bone matrix
proteins.  Interestingly, use of beta blockers
reduced the risk of fracture in this population.
The authors conclude that long-term use of war-
farin was associated with osteoporotic fractures
in men with atrial fibrillation, and that beta-
blockers may be somewhat protective (Gage BF,
et al. Arch Intern Med. 2006;166:241-246).

Statins’ Multiple Benefits
Mounting evidence suggest that statins have

benefits beyond their ability to lower LDL cho-
lesterol. Multiple studies show that statins
reduce inflammation in patients without heart
failure. Now, 2 new studies suggest that they
also reduce inflammation in patients with
heart failure. In a study from Emory
University, 108 patients with nonischemic
heart failure were randomized to atorvastatin
20 mg per day or placebo.  Inflammatory
markers such as C reactive protein, inter-
leukin-6, and TNF-alpha were all reduced in
the atorvastatin group. Atorvastatin treated
patients also showed an improvement in LVEF
from 0.33-0.37 over one year (P = 0.01) (Sola S,
et al. J Am Coll Cardiol. 2006;47:332-337).  

A second study, from Harvard, in patients with
heart failure showed that atorvastatin 10 mg/ day
led to an 8% reduction in TNF receptor 1, a 37%
reduction in C reactive protein, and a 17% reduc-
tion in endothelin-1 (Mozaffarian D, et al. Am J
Cardiol. 2005;96:1699-1704). Atorvastatin may also
have anti-thrombotic effects in patients with unsta-
ble angina according to a study from Greece.
Forty-five patients with normal cholesterol levels
and unstable angina were randomized to 10 mg of
atorvastatin or placebo, starting right after hospital
admission and continuing for 6 weeks. After one
week of treatment circulating levels of anti-throm-
bin III, factor V, and von Willebrand factor were all
significantly reduced in the atorvastatin group
(Tousoulis D, et al. Int J Cardiol. 2006;106:333-337).

FDA Actions
The FDA has approved the first inhaled insulin

for the treatment of adults with type I and type 2
diabetes.  Inhaled insulin, a powder form of recom-
binant human insulin, has been in development for
over 10 years, and has been the subject of intense
scrutiny by the FDA.  Concerns over long-term
safety, particularly in people with underlying lung
disease, has delayed approval, and safety in children
and teenagers is still under investigation. Inhaled
insulin is delivered through a device that is signifi-
cantly larger than an asthma inhaler and, even
folded, is the size of a flashlight.  A blister pack of
insulin powder is inserted into the device, which is
then triggered.  It is not to be used by smokers or
people who quit smoking within last 6 months, and
is not recommended for people with asthma, bron-
chitis, or emphysema. The FDA also recommends
pulmonary function testing prior to starting inhala-
tion therapy, and every 6 to 12 months thereafter.
Although the product is approved for treatment of
both type I and type 2 diabetes, fewer than 30% of
type I diabetics achieve adequate control with
inhaled insulin alone.  Inhaled insulin is a joint effort
by Pfizer, Sanofi-Aventis, and Nektar Therapeutics.
It will be marketed under the trade name Exubera.

The FDA has approved an intravenous form of
Ibandronate that can be administered every 3
months for the treatment of postmenopausal osteo-
porosis.  The 3 mg dose is injected intravenously
over 15 to 30 seconds by a healthcare professional.
The drug is an option for women who cannot take
pills or are unable to sit upright for 30 to 60 minutes
after taking an oral bisphosphonate. Efficacy with
the injectable form of ibandronate was better than
once-a-day oral dosing of Ibandronate 2.5 mg in a
study of over 1300 women with osteoporosis.
Intravenous and oral forms of the drug were equally
well tolerated.  The FDA is recommending measure-
ment of serum creatinines prior to administration
each dose.  Ibandronate is also approved is a 2.5 mg
once a day oral dose and a 150 mg monthly oral
dose.  All 3 formulations are marketed as Boniva.

Berlex's combination estradiol-levonorgestrel
patch (Climara Pro) has been approved for the indi-
cation for prevention of postmenopausal osteoporo-
sis in women with an intact uterus.  The patch was
previously approved for the indication of moderate
to severe vasomotor symptoms associated with
menopause.  The osteoporosis indication was based
on a 2-year, double-blind, randomized trial that
showed that the estradiol-levonorgestrel patch was
associated with significant maintenance of bone
density compared to placebo.    ■
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