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Synopsis: In these 2 studies, the safety and efficacy of 2 new,
different formulations of liquid oral rotavirus vaccines were

studied in young infants. Both vaccines were highly efficacious
in preventing rotavirus disease, especially severe disease.

Neither vaccine was associated with an increased risk of intus-
susception or other severe adverse events. RotaTeq, one of the 

2 vaccines studied, was approved by the FDA in 
February for young infants.

Sources: Ruiz-Palacios GM, et al. Safety and Efficacy of an
Attenuated Vaccine Against Severe Rotavirus Gastroenteritis. 

N Engl J Med. 2006;354:11-22; Vesikari T, et al. Safety and
Efficacy of a Pentavalent Human-Bovine (WC3) Reassortant

Rotavirus Vaccine. N Engl J Med. 2006;354:23-33.

Over 63,000 healthy infants from 11 latin american
countries and Finland were randomized to receive either 2

oral doses of a live, attenuated human rotavirus vaccine or
placebo at 2 and 4 months of age. The vaccine, developed by
GlaxoSmithKline and planned to be marketed as Rotarix, con-
tained 106.5 median cell-culture infective doses of the
RIX4414 vaccine strain of G1P[8] specificity. Vaccination was
85% efficacious against severe rotavirus gastroenteritis and
rotavirus-associated hospitalization (P < 0.001), and was
almost 100% against the most severe disease. Hospitalization
was reduced by 42% (95% CI, 29-53%; P < 0.001).
Intussusception occurred in 6 vaccine recipients and
7 placebo recipients within 31 days.
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Over 68,000 healthy infants 6-12 weeks of age
from the United States and other countries were
randomized to receive either 3 oral doses of live,
pentavalent human-bovine (WC3 strain) reassortant
rotavirus vaccine containing human serotypes G1,
G2, G3, G4, and P[8] or placebo at 4-10 wk inter-
vals in a blinded study. This vaccine was developed
by Merck and licensed in February as RotaTeq.
Vaccination reduced hospitalization and emergency
department visits related to G1-G4 rotavirus gas-
troenteritis occurring > 14 days after the third dose
by 94.5% (95% CI, 91.2-96.6%). In the first full
rotavirus season after vaccination, efficacy against
severe rotavirus gastroenteritis was 98% (95.0%
CI, 88.3-100%), and efficacy against any rotavirus
gastroenteritis was 74.0% (95% CI, 66.8-79.9%).
Clinic visits related to G1-G4 rotavirus gastroen-
teritis were reduced by 86.0% (95% CI, 73.9-92.5%).
Intussusception occurred in 12 vaccine recipients
and 15 placebo recipients within 1 year after the
first dose, including 6 vaccine recipients and 5
placebo recipients within 42 days of any dose (rel-
ative risk, 1.6; 95% CI, 0.4-6.4).

■■ COMMENTARY
Rotavirus is the leading cause of severe diarrhea-

related illness and death in infants and young chil-
dren in the United States and worldwide. Every year,

rotavirus infection is associated with an estimated
55,000 hospitalizations in the United States and 2
million worldwide. Death from rotavirus is rare in
the United States, but in developing countries,
rotavirus gastroenteritis has been estimated to cause
up to 600,000 deaths annually in children younger
than 5 years of age. A safe, effective, and affordable
vaccine is a priority for developing countries, where
the disease burden is highest.

In 1998, a tetravalent rhesus-human reassortant
rotavirus vaccine (RRV-TV) was licensed as
RotaShield and recommended for routine immu-
nization of infants in the United States. It was with-
drawn in October 1999 because of the association
with intussusception, which occurred at an
increased rate during the 3-14 days after the first
dose and 3-7 days after the second dose. The attrib-
utable risk for intussusception with the RRV-TV
rotavirus vaccine was estimated at approximately 1
per 10,000 vaccine recipients.

Each of these studies were designed and powered
to evaluate the safety of these new vaccines with
respect to intussusception by including a large sam-
ple size sufficient to detect intussusception at the
rate that occurred with RRV-TV. Although neither of
the new vaccines were associated with intussuscep-
tion, the safety of the licensed vaccine will be mon-
itored also in a post-licensure study of approximate-
ly 44,000 children. The Centers for Disease Control
and Prevention (CDC) also evaluates vaccine safety
in approximately 80,000 infants every year as part of
the Vaccine Safety Datalink Program. In addition,
the manufacturer is required to report cases of intus-
susception and all serious and unexpected adverse
events to the FDA within 15 days of receiving
notice, and to report all other adverse effects on a
monthly basis.

The Advisory Committee on Immunization
Practices (ACIP) has already recommended the vac-
cine for infants in a dosage regimen of 3 oral doses
at 2, 4, and 6 months of age. The first dose should
be administered by 12 weeks of age, with all 3 doses
of vaccine by 32 weeks of age. These age guidelines
reflect the design of the safety and efficacy study.
There are insufficient data on safety and efficacy
outside of these age ranges. The ACIP recommenda-
tions will become formal CDC recommendations as
soon as they are published in the Morbidity and
Mortality Weekly Report.   ■
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Within the past few months, gatifloxacin
(Tequin®) has received some attention in the

medical community due to reports of serious hypo-
glycemia and hyperglycemia.1 Gatifloxacin is an 8-
methoxyfluoroquinolone that exhibits in vitro activ-
ity against numerous Gram-positive and Gram-nega-
tive aerobes, as well as anaerobes and some atypical
organisms.2 To date, over 20 published cases of dys-
glycemia (hypoglycemia or hyperglycemia) have
been reported with gatifloxacin.3 Because of these
events, Bristol-Myers Squibb has ceased production
of this antibiotic.4 A few months prior to its discon-
tinuation, the prescribing information added a new
contraindication in patients with diabetes mellitus,
as well as updated warnings and precautions to iden-
tify other risk factors for dysglycemia, such as con-
comitant antidiabetic medications, renal insufficiency,
and older age.5

Pathophysiology for Quinolone-Induced Dysglycemia

While gatifloxacin is known to cause both hypo-
glycemia and hyperglycemia, hypoglycemic events
appear to be more commonly associated with use of
this agent.6-10 Much of the available evidence explain-
ing the pathophysiology of gatifloxacin-induced
hypoglycemia has been extrapolated from in vitro
studies performed on mouse pancreatic islet cells.6

Chimeric pancreatic islets were isolated and placed
in buffers containing different concentrations of glu-
cose, as well as one of the following quinolones: gat-
ifloxacin, levofloxacin, or temafloxacin. KATP
(adenosine triphosphate-sensitive potassium channel)
currents regulating insulin secretion were recorded.
Inhibitory effects on these ATP-dependent K+ chan-

nels depolarize pancreatic cells, which allow for the
opening of voltage-gated calcium channels. The
entrance of calcium into the cell promotes insulin
secretion, leading to the adverse side effects associat-
ed with hypoglycemia.6,7

The 3 tested quinolones exhibited varying degrees
of effects on insulin release. Astunori and colleagues
observed that gatifloxacin and temafloxacin stimulat-
ed insulin secretion, whereas levofloxacin caused no
significant effects. Increasing doses of gatifloxacin
also increased insulin secretion, thereby suggesting a
dose- dependent augmentation of insulin secretion.6

The exact pathogenesis of gatifloxacin-associated
hyperglycemia has yet to be fully elucidated, but it is
hypothesized that it may trigger the vacuolation of pan-
creatic beta cells, which decreases insulin levels.7 Of
note, a recently published case report highlighted the
development of diabetes after gatifloxacin therapy.10 A
57-year-old man developed new-onset diabetes 3
weeks after receiving a 10-day course of gatifloxacin.
His fasting blood glucose concentrations from the pre-
vious years ranged from 103 to 116 mg/dL. Bhasin and
colleagues noted a temporal relationship between the
administration of gatifloxacin and the onset of dia-
betes, as the patient’s blood glucose concentration was
992 mg/dL within 3 weeks of completing gatifloxacin
therapy. In addition, Bhasin et al stated that the usual
onset of type 2 diabetes is a more gradual process than
the one displayed by their patient.

Hypoglycemia Associated with Gatifloxacin and Other Quinolones

Although the incidence of serious dysglycemia
during gatifloxacin therapy is rare, the possibility of
life-threatening effects on the central nervous system
raises concern.9 The updated product labeling (prior
to discontinuation) warned of decreased serum glu-
cose usually occurring within 3 days of initiating the
medication, while hyperglycemia was noted to occur
after the third day of administration.2,7 Serious com-
plications have included seizures, hypoglycemic
coma, altered level of consciousness, and hyperosmo-
lar non-ketotic hyperglycemic coma. Most of these
events were reversible (within 1-2 days), but a few
resulted in fatal outcomes.5 Patients without a history
of diabetes nor on glucose-altering medications may
also be at risk, as one study found no significant dif-
ference in the risk of experiencing dysglycemia
between diabetic patients receiving treatment and
patients not taking diabetic medications.7

Hypoglycemia appears to be more common in
older patients and those with renal insufficiency.
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Both populations have decreased renal function,
which may reduce the clearance of the medication.
Gatifloxacin is primarily excreted through the kid-
neys, of which 80% is eliminated unchanged in the
urine.8 Patients with impaired renal function will sub-
sequently have increased exposure to gatifloxacin,
possibly leading to hypoglycemia.

The true incidence of gatifloxacin-related dysg-
lycemia is difficult to estimate, as the FDA’s process
for monitoring adverse events (Adverse Events
Reporting System) is limited by under-reporting.7

The package labeling referred to 2 earlier studies in
which no clinically significant changes in glucose
tolerance and homeostasis were found in non-
insulin dependent patients controlled with diet and
exercise. Only transient, modest increases in serum
insulin, and decreases in glucose concentrations,
were reported after the first dose of gatifloxacin.
Additionally, it was found that patients on glyburide
experienced clinically insignificant decreases in
serum insulin.2

Park-Wyllie and colleagues analyzed data from the
National Ambulatory Medical Care Survey and from
the National Hospital Ambulatory Medical Care
Survey (1995-2002), in order to conduct 2 separate
nested case-control studies to assess the odds of gati-
floxacin-associated hypo- and hyperglycemia.7 Park-
Wyllie et al examined dysglycemic events necessitat-
ing hospitalization within 30 days of administration of
quinolones (ciprofloxacin, gatifloxacin, levofloxacin,
moxifloxacin), macrolides, and second-generation
cephalosporins (cefaclor, cefuroxime axetil) in a pop-
ulation of approximately 1.4 million Ontario, Canada
residents over the age of 65. The percentages of dia-
betic patients were 92% and 62%, respectively, in the
hypo- and hyperglycemia nested case-control studies.

The adjusted odds ratio for hypoglycemia in the gat-
ifloxacin group as compared to macrolide-treated
patients was 4.3 (95% CI, 2.9 to 6.3). Levofloxacin use
was also shown to increase the risk of hypoglycemia
relative to macrolides (adjusted odds ratio 1.5, 95% CI,
1.2 to 2.0), though to a lesser degree than observed
with gatifloxacin. Of note, no increased odds of hypo-
glycemia were reported after treatment with either
ciprofloxacin or moxifloxacin. Interestingly, aside
from gatifloxacin (adjusted odds ratio 16.7, 95% CI,
10.4 to 26.8), there were no statistically significant dif-
ferences in the odds of hyperglycemia for the other
quinolones or second-generation cephalosporins (com-
pared to macrolides).7

The results from a retrospective study conducted
by Frothingham and colleagues3 support the obser-

vations reported in the Canadian nested, case-control
studies. Frothingham et al analyzed spontaneous
adverse event reports associated with the use of
ciprofloxacin, gatifloxacin, levofloxacin, and moxi-
floxacin in the United States during the time from
November 1997 to September 2003. Of 568 dysg-
lycemic events, 80% were attributed to gatifloxacin.
Furthermore, 68% of the fatal dysglycemic events
were associated with gatifloxacin treatment.

Conclusion

Recent reports have suggested that the use of gati-
floxacin, especially in elderly and diabetic patients,
may lead to severe hypoglycemia or hyperglycemia,
warranting in-hospital treatment. Ciprofloxacin and
moxifloxacin appear to be safe for diabetic patients,
whereas levofloxacin use may be associated with a
slightly higher risk of hypoglycemia. At present, no
cases of dysglycemia have been attributed to gemi-
floxacin, one of the newer quinolones available in the
United States. Quinolones have become the most
commonly prescribed class of antibiotics, with nearly
half prescribed for non-approved diagnoses.11

Consequently, since there may be a slightly higher
risk of hypoglycemia associated with levofloxacin
use, compared with other quinolones on the US mar-
ket, healthcare providers should discuss how to detect
changes in blood glucose with patients who may be at
risk for dysglycemic events.   ■
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Synopsis: A retrospective cohort analysis of 79
patients with spine infection who underwent baseline
and 4-8 week follow-up imaging was conducted.
Twenty-seven (34%), 38 (48%), and 14 (18%) patients
were judged to have images graded as improved,
equivocal, or worse respectively. Absence of microbio-
logical treatment failure was seen in 100%, 89%, and
56% of patients respectively.

Source: Kowalski TJ, et al. Do Follow-Up Imaging
Examinations Provide Useful Prognostic Information
in Patients with Spine Infection? Clin Infect Dis.
2006;43:172-179.

This paper presents the results of a retro-
spective cohort analysis from the Mayo Clinic of 79

patients with bacterial spine infection who underwent
baseline and follow-up imaging studies with MRI.
Thirty-five infections (44%) were due to
Staphylococcus aureus, 9 (11%) due to coagulase-
negative staphylococci, and 16 (20%) were culture-

negative. Twenty-seven (34%), 38 (48%), and 14
(18%) of follow-up imaging studies were judged as
improved, equivocal, or worse, respectively. One year
survival free of microbiologically-confirmed treat-
ment failure was 100%, 89%, and 56% across these
same groups. In another analysis, looking across radi-
ographic strata, only 3 (6%) of 52 patients who were
judged to have had clinical improvement at time of
follow-up imaging experienced treatment failure.
Elevated levels of inflammatory biomarkers were
present in 2 of these 3 patients.

■■ COMMENTARY
I recently finished a 2-month stint as the attending

physician on ID consult service at our county hospital,
which included the first 2 weeks of July with a bright,
young, brand new first-year ID fellow, and 2 excellent
medical residents. As always, one of the toughest
questions the ID attending is usually asked is, “How
long should you treat XYZ infection?” With the excep-
tion of a handful of diseases where the pathophysiolo-
gy is relatively homogenous (such as bacterial endo-
carditis due to a particular organism), most of us fall
back on the wisecrack answer most commonly attrib-
uted to the legendary Max Finland at Boston City
Hospital, “Long enough.” After using that answer
almost daily followed by the equally unhelpful answer
(“clinical experience”) to the follow-up question of
how do you know how long is “long enough,” I was
glad to see this article in CID which helps answer this
question for bacterial spinal infections.

The study does have some limitations, including its
retrospective nature and the fact that only staphylo-
coccal and culture-negative infections were included
in the series. However, Kowalski and colleagues used
a reasonable and simple grading scale for assessing
improvement, equivocal, and worsening MRI findings
in which signal abnormality and abscess size in the
paraspinal/psoas musculature and/or epidural space
were considered. A somewhat arbitrary set of criteria
for interpretation of biomarker improvement (25%
reduction in ESR or CRP from baseline or final value
of ESR < 40 mm/h and CRP < 1 mg/dL), but this
seemed helpful and congruent with the prognostic
information gleaned from follow-up MRI imaging.
Using similar inflammatory biomarker criteria pro-
vides sensitivity for predicting treatment failure, but
has low specificity since many patients who are cured
do not experience normalization of ESR and/or CRP
in the first 4-8 weeks of treatment.1 Despite this limi-
tation, this study shows that only one patient in the
cohort’s relapse/treatment failure would have been
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missed by relying on serial biomarkers of inflamma-
tion in the absence of follow-up imaging. Kowalski et
al postulate that a cost-effective approach derived
from this study would be to order follow-up imaging
only on those patients who are at high risk for treat-
ment failure based on clinical status and inflammato-
ry biomarker response.

Magnetic resonance imaging is a relatively new
imaging technology which is exquisitely sensitive for
use in assessing the brain, spinal cord, and axial
skeleton, and has appropriately become the imaging
technique of choice for infections involving these
structures.2 Ironically, one limitation of MRI is its
exquisite sensitivity and the fact that the scan does not
rapidly return to normal following an adequate course
of antimicrobial therapy. This retrospective study
sheds some light on how to best use MRI (in conjunc-
tion with ESR, CRP, and, yes, “clinical judgment” is
still in the equation) in managing spinal infections
due to staphylococci.   ■
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Introduction

Daptomycin is a cyclic lipopeptide antibiotic
which was initially approved by the Food and

Drug Administration (FDA) for the treatment of com-
plicated skin and skin-skin structure infections in

September 2003.1 More recently, the FDA issued an
approval letter to Cubist Pharmaceuticals for the indi-
cation of the treatment of Staphylococcus aureus bac-
teremia, including right-sided endocarditis caused by
methicillin-susceptible and methicillin-resistant
Staphylococcus aureus.2

Of note, earlier phase-1 and phase-2 clinical trials
in the 1980s and early 1990s utilized multiple daily
dosing regimens of daptomycin. However, because of
the apparent propensity of daptomycin to cause
myopathy, Eli Lilly voluntarily discontinued clinical
development of this agent in 1991.3 However, because
of the relative lack of treatment options for life-threat-
ening Gram-positive infections, the renewed clinical
development of daptomycin was licensed to Cubist
Pharmaceuticals in 1997.3 Subsequent animal studies
indicated that increasing the dosing interval appeared
to minimize the frequency and severity of myotoxic
effects of this drug.3,4

This article will: 1) review the mechanism of myopa-
thy induction by daptomycin; 2) review the literature
reports of myopathy associated with daptomycin; and 3)
review the potential interaction between daptomycin and
statins (HMG CoA Reductase Inhibitors).

Pathophysiology for Daptomycin-Induced Myotoxicity

Several clinical studies and case reports have exam-
ined the possible causes and options for controlling
myopathy. Unlike other causes of myopathy, dapto-
mycin-associated myotoxicity appears to be specific
for skeletal muscle.4 No myofiber lesions were detect-
ed during microscopic evaluation of canine cardiac
muscle at doses as high as 75mg/kg daily.4 Moreover,
studies in animals, as well as humans have shown that
muscle-related adverse effects associated with dapto-
mycin are readily reversible, with no resulting fibrosis
of the skeletal muscle.4,5

Creatine phosphokinase (CPK) is an important mark-
er for both the diagnosis, as well as in monitoring the
course of myopathy. When skeletal muscle is injured,
CPK leaks into the blood and is commonly associated
with muscle weakness.6 CPK release by skeletal muscle
has been attributed to numerous events, including surgi-
cal trauma, IM injections, physical activity, and bacter-
ial or viral infection.5 Consistent with daptomycin’s
characteristics and mechanism of action, membrane dis-
turbances can lead to cellular release of CPK, with cor-
responding elevations of CPK in plasma. Clinical stud-
ies have shown that 2.8% of patients experience CPK
elevations,7 and some case reports have described CPK
elevations as high as 21,243 U/L (normal 0-200).8
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Dosing Frequency of Daptomycin

The dosing frequency of daptomycin has been
implicated in the development of myopathy and CPK
elevations. In Phase I studies, 2 of 5 subjects dosed at
4mg/kg q12h experienced myopathy, with CPK levels
10 times the upper limit of normal.5 In contrast, Oleson
and colleagues demonstrated in animals that once-daily
dosing of daptomycin resulted in significantly fewer
skeletal muscle effects, with 5 times more muscle
degeneration seen in dogs dosed at intervals of 8h com-
pared to every 24h (see Chart A).4

Oleson et al evaluated fractionated versus once-daily
dosing regimens and the subsequent effects on skeletal
muscle, along with serum CPK levels. The highest ele-
vations in CPK were observed in animals that received
fractionated regimens. Similar CPK values were seen
in both the high-dose and low-dose once-daily regi-
mens, despite the 3-fold increase in daily dose.
However, a 4-fold increase in CPK was seen in the
fractionated regimen versus once-daily regimen,
despite the same total overall dose. Of further signifi-
cance, muscle fiber lesions seen upon microscopic
evaluation were higher in the fractionated regimens of
daptomycin compared to the once-daily regimen. Chart
A illustrates these results.

The dosing regimen of 75 mg/kg q24h resulted in
plasma daptomycin concentrations well below the
trough achieved with fractionated dosing for 12 hours
prior to the next dose administration. It was postulated
by researchers that this could allow for repair of
myofibers damaged during previous dosing.4

Although the dosing interval plays a major role in
the development of myopathy, the C

max
is unlikely to be

responsible for the acquisition of this adverse effect. In
the study conducted by Oleson et al, a dosing regimen
of 25 mg/kg q8h resulted in a CPK value of 3996 U/L,
whereas dosing once daily at 75 mg/kg yielded a CPK
value of 991 U/L, even though the C

max
was twice that

of the fractionated regimen.4

Case Studies in Specific Patient Populations

In a Phase I study conducted by Cubist Pharmaceuticals,
2 subjects experienced elevations in CPK to values no
more than 2.5 times the upper limit of normal. The sub-
ject who experienced the highest CPK elevation (477
U/L) had engaged in significant physical activity the
day prior to serum sampling, to which the elevation was
attributed. In both subjects, CPK levels returned to nor-
mal within 2 days, despite continued therapy with dap-
tomycin. However, this study population consisted sole-

ly of those with normal hepatic and renal function and
those who were free from prescription medication use
for at least 30 days prior to initiation of the study.5

In contrast, several case reports have described sub-
stantial elevations in CPK with severe corresponding
myopathy. A 45-year-old female with refractory AML
(acute myeloid leukemia) received 6 mg/kg daptomycin
daily after failing both vancomycin and linezolid thera-
py for E. faecium bacteremia. Her CPK values
increased from 108 U/L to 996 U/L within 10 days of
initiating daptomycin, and she subsequently developed
rhabdomyolysis. Of note, this patient was also taking
Amphotericin B lipid complex and had developed bac-
terial sepsis, both of which are known to be precipitat-
ing factors for the development of rhabdomyolysis.1

In another case report, a patient with diabetes,
hypertension, and peripheral vascular disease experi-
enced rhabdomyolysis while on 6 mg/kg daptomycin
once daily. After experiencing severe muscle weakness
with a CPK level of 21,243 U/L (10 days after start of
therapy), daptomycin therapy was withdrawn and a
diagnosis of acute renal failure secondary to rhab-
domyolysis was made. In this case, no other medica-
tions or disease states thought to cause rhabdomyoly-
sis were involved.8

In addition to renal dysfunction and rhabdomyoly-
sis, a case report of possible hepatotoxicity associat-
ed with daptomycin has been filed. This patient was
also taking simvastatin, which was discontinued
upon initiation of daptomycin, per the manufacturer’s
recommendations. Even without concomitant use of
medications known to cause myopathy, this patient’s
CPK value rose to 20,771 U/L after 9 days of treat-
ment with 6.5 mg/kg daptomycin once daily.9

Finally, a 26-year-old SLE (systemic lupus erythe-
matosus) patient who failed quinupristin/dalfopristin
due to severe myalgia, also experienced myopathy
while on daptomycin, with a CPK elevation of 492
U/L (day 15 of therapy). This patient continued treat-
ment with a normalization of her CPK level within 3
days of the end of therapy. Although this patient also
had SLE, the inflammation and release of CPK was
attributed solely to daptomycin.10

FDA Briefing Document on Daptomycin

In the FDA-reviewed document prepared by the man-
ufacturer, the incidence of significant CPK elevations
was examined between daptomycin and comparator reg-
imens (nafcillin/oxacillin, vancomycin).11 Also exam-
ined was the relationship between CPK elevations and
prior or concomitant therapy with statins, a medication

Infectious Disease Alert 139



class known to cause myotoxicity. Below is a summary
of the manufacturer’s findings (see Chart B).

In the daptomycin-treated patients who experienced
CPK elevations (n = 11), 4 had prior or current treatment
with statins, namely simvastatin and atorvastatin. Of the 11
patients who developed CPK elevations, 6 required discon-
tinuation of daptomycin therapy, but it is unclear if this
included patients who were also being treated with statins.11

Of interest is the dose of statin therapy that led to ele-
vations in CPK. While not reported in the FDA briefing
document, the manufacturer has stated in the package
insert that patients stable on 40mg of simvastatin while
taking 4mg/kg daptomycin did not show an increase in
adverse muscle effects.12

Recommendations for Appropriate Use of Daptomycin

Current manufacturing recommendations include
weekly CPK monitoring, as well as discontinuing dapto-
mycin therapy if CPK levels exceed 10 times the normal
level, or if myopathy symptoms are present with a CPK
level above 1,000U/L.12

The manufacturer also recommends consideration be
given to holding medications known to cause myopathy
while on daptomycin therapy, including statins.

Post-marketing case reports have led to recommen-
dations for patient-specific monitoring, including
obtaining more frequent CPK levels for critically ill
patients and those patients who are also taking myopathy-
causing drugs.1 ■
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Dose Regimen CPK (U/L) Number of Sites with Myofiber Degeneration
25 mg/kg q24h 994 ± 1401 3/28

75 mg/kg q24h 991 ± 421 8/28

25 mg/kg q8h 3996 ± 3151 15/28

5 mg/kg q24h 157 ± 30 4/28

5 mg/kg q8h 483 ± 553 21/28

Chart A

CPK Elevations and Myopathy•

• Derived from Table 1 from Pharmacokinetics and Myopathy Findings4

Comparator Regimen (%) Daptomycin Regimen (%)

Overall Study 1/116 (.95) 11/120 (9.2)

Patients who had CPK > 500 and treatment

with HMG Co-A reductase inhibitor

0/1 (0.0) 4/11 (36.4)

Chart B

CPK Elevations with HMG-CoA Reductase Inhibitor Therapy•

• Rates of CPK Elvations Greater than 500



Linezolid-Resistant Coagulase-
Negative Staphylococci
A B S T R A C T  &  C O M M E N T A R Y

By Robert Muder, MD
Hospital Epidemiologist, Pittsburgh VA Medical Center
Dr. Muder does research for Aventis and Pharmacia.

Synopsis: In one university medical center, 4% of
all coagulase-negative staphylococci were linezolid
resistant. A case-control study found that admission
to a particular unit and prior receipt of linezolid
were significant, independent risk factors for isola-
tion of a linezolid-resistant isolate. PFGE analysis
found that 84% of linezolid-resistant isolates were
genetically related.

Source: Potoski BA, et al. Epidemiological Profile of
Linezolid-Resistant Coagulase-Negative Staphylococci. 
Clin Infect Dis. 2006;43:165-171.

At the university of pittsburgh medical center,
laboratory-based surveillance of coagulase-negative

staphylococci found that 4% were linezolid resistant.
MIC’s to linezolid were generally > 256 ug/mL; the iso-
lates were all susceptible to vancomycin and daptomycin.
In a case-control study, prior receipt of linezolid (OR, 20.6;
95% CI, 5.8-73) and location on a particular hospital unit
(OR, 12.4; 95% CI, 3.4-45) were independently associated
with isolation of a linezolid resistant strain. The identified
unit served as a the receiving unit for an intensive care unit
that had an unusually high level of linezolid use, approxi-
mately 8 times higher than that of the facility as a whole.
PFGE analysis showed that 21/25 (84%) resistant strains
were genetically related. Strains of susceptible coagulase
negative staphylococci were genetically diverse.

■■ COMMENTARY
Resistance to linezolid among staphylococci has been

rare in prior studies; less than 0.1% of isolates of coagu-
lase negative staphylococci have been resistant in prior
studies. The study by Potoski and colleagues demon-
strates a markedly higher rate of linezolid resistance
among coagulase negative staphylococci in their facility.
Although prior receipt of linezolid was a significant inde-
pendent risk factor, it is of note that most resistant strains
were genetically related, and that admission to a particu-
lar ward was also a significant risk factor. This demon-
strates that both antimicrobial exposure and patient-to-
patient transmission are likely to be important in the epi-

demiology of linezolid resistance of coagulase negative
staphylococci.

More importantly, coagulase negative staphylococci
and S. aureus can exchange resistance genes. The study
by Potoski et al did not examine the mechanism of line-
zolid resistance in coagulase negative staphylococci, and
it is not known whether or not linezolid resistance is
transferable among staphylococcal species. However,
this report suggests that possibility that linezolid resist-
ance could become widely disseminated among 
S. aureus isolates. Should this happen, the arsenal of
antimicrobial agents effective against MRSA would be
further restricted.   ■

Refugees with Eosinophilia:
Diagnostic Considerations
A B S T R A C T  &  C O M M E N T A R Y

By Michele Barry, MD, FACP
Professor of Medicine, Co-Director, Tropical Medicine and
International Travelers’ Clinic, Yale University School of
Medicine
Dr. Barry is a consultant for the Ford Foundation, and receives funds from

Johnson & Johnson.

Synopsis: Many refugees arriving in the United States
have persistent eosinophilia diagnosed, and often are
referred to travelers’ clinics for diagnostic work-up.
What does one consider in planning such a workup?

Source: Seybolt LM, et al. Diagnostic Evaluation of Newly
Arrived Asymptomatic Refugees with Eosinophilia. Clin
Infect Dis. 2006;42:363-367.

Seybolt and colleagues performed a retrospective
analysis of refugees seen as part of a 2-visit health eval-

uation at Boston Medical Center from October 1998
through May 2002. Eosinophilia was defined as an absolute
eosinophil count of > 450 cells/µL. Demographic data was
abstracted along with results of stool examinations for ova
and parasites, and serologic studies for antibodies to
Strongyloides stercoralis, schistosomal, and filarial species.
Eosinophilia was present in 12% of asymptomatic, newly
arrived refugees screened. Pathogens were identified in
stool samples of 29% of 265 patients. Serologic testing was
performed in only 45% of patients but, of these results,
schistosoma serology was positive in 22% (15 patients)
S. stercoralis in 39% (45 patients), and filarial serology in
18 (51%) of 35 patients tested. Most subjects with
pathogens identified were children, and more than half
were male. The most common stool parasite isolated was
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one not associated with eosinophilia (ie, Giardia lamblia),
suggesting that serological testing aimed at looking for
other sources of eosinophilia should be performed, even if
the presence of pathogens in stool samples is documented.

■■ COMMENTARY
Eosinophilia in a refugee population is common and

often reflects tissue-invasive helminths rather than the
diagnosis of an atopic or allergic skin condition, common-
ly seen in US populations. Eosinophilia has been assessed
in a traveler’s population, and is a poor marker of parasitic
diseases.1 However, refugees who have had prolonged
exposure to helminths and different economic settings
have an increased risk of contracting parasitic infections,
and so eosinophilia becomes an important diagnostic clue.
Seybolt et al have attempted to demonstrate that serologic
testing for schistosoma species, filaria species, and
strongyloidiasis might be of benefit in diagnosing patients
with more severe eosinophilia.

Not all patients in this report received a serologic eval-
uation, nor do Seybolt et al present follow-up data; thus,
no conclusions as to cost-effectiveness of serologic test-
ing or even resolution of eosinophilia can be made.
Furthermore, cross-reactivity of antibody testing and per-
sistent presence of antibodies in patients with past infec-
tions may have confounded their results.

However, despite these limitations, this paper remains
an excellent reminder that not all asymptomatic
eosinophilia can be identified by stool examinations for
ova and parasites, and serologic testing for S. stercoralis,
schistosoma, and filarial species should be appropriately
obtained for patients from regions where these
pathogens are endemic. Nutman, in an accompanying
editorial, suggests that when cost is an issue for refugee
populations such as Southeast Asians in which strongy-
loidiasis and hookworm are common, single dose iver-
mectin and/or albendazole treatment may be empirically
indicated.2,3 ■
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CME Questions
7. What is the recommended regimen for the newly FDA-

licensed live pentavalent human-bovine (WC3 strain) reassor-
tant rotavirus vaccine (marketed as RotaTeq)?
a. 3 doses at birth, 6-8 weeks, and 12 weeks of age
b. 2 doses at 4 and 8 weeks of age
c. 2 doses at birth and 6-8 weeks, with a booster at 1

year of age
d. 3 doses at 2, 4, and 6 months of age
e. First dose at 2 years, with a booster 2-4 mo later

8. Which of the following is correct?
a. Gatifloxacin use has been associated with the

development of both hypoglycemia and hyper-
glycemia.

b. The use of fluoroquinolones other than gati-
floxacin has never been associated with the 
development of hypoglycemia.

c. Gatifloxacin causes hypoglycemia as a result of
the reduction of metabolism of several oral hypo-
glycemic agents.

d. Macrolide antibiotics are more likely to cause
hypoglycemia than is gatifloxacin.

9. Daptomycin use has been associated with which of the
following is correct?
a. Acute renal failure
b. Seizures
c. Myopathy
d. Peripheral neuropathy

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 traditional diag-
nostic tests;

• To discuss new information regarding how infectious
diseases (eg, AIDS) are transmitted and how such infor-
mation can lead to the development of new therapy.   ■
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Furry Friends 
in Hospitals

DiSalvo H, et al. Am J Infect Control.
2006;34:301-307.

The introduction of therapy
animals and pets in the health care

setting has created unique opportunities
and challenges for infection control
personnel—problems that DiSalvo and
colleagues point out can be blurred by
confusion between various animal pro-
grams. For example, the “Furry Friends
Foundation” at Santa Clara Valley
Medical Center (SCVMC) allows pet
visitation in certain areas of the hospi-
tal, a program which is distinct from
other animals allowed in the facility.

There are 3 categories of animals
allowed at our hospital: service ani-
mals, therapy animals, and pet visita-
tion animals, each of which has their
own purpose, restrictions and policies.
Only service animals (generally trained
dogs) are regulated by Federal and
State laws. Service animals are defined
by the American with Disabilities Act
as “an animal individually trained to
perform (essential) tasks for people
with disabilities.”An organization such
as a hospital cannot require proof of a
person’s disability or proof of the serv-
ice animal’s training. As such, service
animals can go anywhere in the facility.

In contrast, hospitals can define poli-
cies and restrictions for therapy pets
(also generally dogs) and pet visitation
animals. Therapy dogs are used for spe-
cific purposes, eg, to stimulate physical
or mental rehabilitation, and are used in
certain areas of the facility, eg, the burn
unit, physical therapy, etc. Pet visitation
is just what it sounds like; volunteers
bring their own pets to the hospital for
recreation and entertainment. While
SCVMC only allows pet visitation in

the day rooms of their facility, a neigh-
boring hospital has elected to allow
them on the medical and surgical floors
but restricts them from ICUs and isola-
tion rooms. Infection Control programs
can require animals in both of these lat-
ter categories to pass certain physical
and behavioral evaluations. Specific
clearance may be required for stool ova
and parasites, vaccinations, and a phys-
ical and behavioral evaluation by a
licensed vet. The owner may be
required to take basic animal training
classes or exhibit knowledge about
good infection control practices, such
as (enthusiastic) hand washing.

Pet programs are a positive addition
to the hospital and should be associat-
ed with minimal risk, as long as IC
programs adopt good policies and reg-
ulations, and make clear the differ-
ences between animal groups.   ■

Culture Conversion
Key Measure
in MDR-TB

Source: Holtz TH, et al. Ann Intern
Med. 2006;144:650-659.

Sputum culture conversion for
patients with multidrug resistant

tuberculosis (MDR-TB) is generally
believed to be the simplest marker of
treatment success, and is especially
useful in areas with limited resources
and access to specialized radiographic
techniques. However, medical corre-
lates of sputum conversion and out-
come have not been well-defined in
clinical trails.

Holtz and colleagues examined the
time to sputum mycobacterial conver-
sion in Latvian patients with pul-
monary MDR-TB. This retrospective
cohort analysis assessed 167 civilians
with pulmonary MDR-TB, or at least

with combined resistance to INH and
rifampin, each of whom received indi-
vidualized therapy through a DOTS-
Plus Strategy. DOTS-Plus was intro-
duced in 1998, and provides directly
observed therapy with second line TB
drugs tailored to the individual’s iso-
late. Patients first receive empirical,
individualized regimens, using any-
where from 4 to 8 agents, including the
use of at least one injectable, taking
into consideration any previous thera-
py. Once the results of susceptibility
studies are available in 3 to 8 weeks,
the therapy is modified as appropriate
to include at least 5 or more drugs to
which the patient’s isolate is suscepti-
ble. When appropriate, the injectable
agent (generally an aminoglycoside) is
continued until culture conversion, at
which time it is continued for another 2
to 3 months. The remaining oral regi-
men is continued for another 12 to 18
months, depending on the patient’s sta-
tus. Adjuvant surgical management
was done for patients with advanced
disease not responding to therapy.

During this study, sputum cultures
were obtained monthly, and culture con-
version was defined as the date of the
first of 2 consecutive negative cultures.
Patients frequently missed obtaining
monthly sputum cultures, although gen-
erally this was fewer than 5.

At baseline, 78% of the patients
were men; the median age was 43 years
for men and 39 years for women. The
majority (74%) had received first or
second line therapy for TB in the past
and were resistant to a median of 5
agents (range, 2 to 10). One-third had
bilateral cavitary disease, and 53%
were smear positive. Sputum culture
conversion was achieved in 129 of 167
(77%), with a median time of 60 days
(range, 4 to 462 days). Among those
who converted, 16% converted by one
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month of treatment, 39% by 2 months,
and 60% by 4 months. Treatment out-
come was best for patients who
attained sputum conversion by the sec-
ond month of therapy.

Fourteen patients had initial spu-
tum conversion, followed by positive
cultures; 2 of these patients had 7 or
more sequential positive monthly cul-
tures, although 13 of these ultimately
responded to treatment. The ability to
tolerate and comply with the regimen
was important; 76% of patients
adherent to a full course of treatment
had culture conversion. Fourteen
patients had initial sputum conver-
sion, followed by positive cultures.
Two of these patients had 7 or more
positive monthly cultures, although
13 of these ultimately responded to
treatment. Of the 129 patients who
achieved sputum conversion, 14
(11%) were subsequently lost to fol-
low-up, 5 (4%) died, and 2 (1%) had
treatment failure.

Failure of treatment was associat-
ed with prior treatment for TB, a his-
tory of incarceration, high initial
colony counts (4+ smears), bilateral
cavitary disease, resistance to 6 or
more drugs, and specific resistance to
pyrazinamide or kanamycin. Of the
38 patients who failed to respond, 8
(21%) died. Although cavitary dis-
ease was considered a poor prognos-
tic factor, 67% of patients who com-
pleted a full course of therapy were
ultimately cured.

A limitation of this project was the
lack of information on how many
patients required modifications in
their regimens and how often resist-
ance to agents that were initially sus-
ceptible was detected in follow-up
specimens. However, this study
shows that aggressive and individual-
ized intervention using the DOTS-
Plus Strategy with multiple antituber-
culous agents was successful in this
hard-to-treat cohort of patients with
MDR-TB (with resistance to a medi-
an number of 5 drugs!). Three-fourths
(77%) of patients responded to treat-

ment, and 65% were considered
cured. In those who did respond, spu-
tum culture conversion occurred at a
median of 60 days, not much longer
than that described for patients with a
fully susceptible organism. Monthly
sputum cultures were a simple and
effective method for monitoring
response to therapy.   ■

Investigation of 
MDR-HIV in NYC
CDC. MMWR Morb Mortal Wkly Rep.
2006;55:793-796.

You may recall reports of the
46-year-old NYC man with rap-

idly progressive HIV/AIDS who was
infected with a strain of multi-drug
resistant, dual tropic HIV (meaning, it
utilized both CCR5 and CXCR4 co-
receptors for entry in to CD4 lympho-
cytes). The man developed acute pri-
mary HIV infection in December
2004, with rapid progression to AIDS
within one month of infection. 

A broad public health investigation
was conducted to identify sexual con-
tacts of the index case and to define
the prevalence of this strain of HIV in
the New York area. The investigation
was focused in 3 different directions:
contact investigation; examination of
newly diagnosed MDR HIV cases in
NYC; and attempts to match the index
case genotype with laboratory
sequences. The first problem encoun-
tered was the patient’s lifestyle. He
reported multiple partners, many of
whom were anonymous. Fourteen
names were provided, 10 of whom
were known to be HIV+ before 2004;
none of the 10 had a genotype match-
ing the index case. The remaining 4
persons refused testing or could not be
located.

A second effort was made to alert
physicians and laboratories in the
NYC area to report all newly diag-
nosed cases of MDR-HIV. A total of
189 MDR HIV-1 isolates belonging
to 134 patients were identified. An
attempt to match persons in the reg-

istry with their isolate was made, and
the medical records of 121 individu-
als were examined for date of infec-
tion, previous genotype data, and
treatment history. Five persons had
MDR-HIV and had been infected
between 2002 to 2004, 2 of whom
had never received therapy.

A third and broader attempt to
identify the prevalence of this strain of
MDR HIV was also made by compar-
ing the index case’s pol gene against
sequence libraries at the CDC, the NY
State Department of Health, and 3
large commercial laboratories in the
United States, 2 in Canada, and one in
Europe. In addition, 28 labs conduct-
ing HIV genotyping on NYC resi-
dents were alerted to match the index
pol genotype against sequences in
their databases. Isolates belonging to
3 men with > 90% homology to the
index case isolate were identified (one
in Connecticut and 2 in NYC). The
men were contacted, and all reported
sexual activity at the same time and at
similar venues as the index case.
Unfortunately, there was insufficient
data to determine the aggressiveness of
their disease, although all 3 were report-
edly stable on antiretroviral therapy.

It is quite remarkable that despite
an extensive and labor-intensive effort
by numerous public health depart-
ments, the CDC, the Aaron Diamond
Research Center, and dozens of labo-
ratories, only a handful of cases with
MDR-HIV similar to the index case
were identified in the NYC area, and
none of these appear to have resulted
in rapidly progressive disease. But the
MMWR points out that at least 6400
MSM in NYC have never been tested
for HIV, and many more may be at
risk. Many HIV+ individuals have not
been genotyped, at least not before
initiating HIV therapy. Therefore, the
actual prevalence of this particular
strain of MDR-HIV in NYC is
unknown. This case reinforces current
recommendations to obtain baseline
genotype testing in any newly diag-
nosed or treatment-naïve HIV+
individual.   ■
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What is the role of raloxifene for the
treatment of osteoporosis and breast
cancer prevention? Raloxifene is a

selective estrogen-receptor modulator similar to
tamoxifen. There has been considerable interest
in the drug in the role of treatment for osteoporo-
sis and, perhaps, breast cancer prevention, espe-
cially in light of the Women’s Health Initiative
findings on conjugated estrogen/progesterone.
A new study does little to clarify the issue, how-
ever, suggesting, like previous studies, that
raloxifene has benefits, but also significant risks
associated with its use.

As part of the Raloxifene Use for The Heart
(RUTH) trial, more than 10,000 postmenopausal
women with CHD or multiple risk factors for
CHD were randomized to raloxifene 60 mg daily
or placebo and followed for a median of 5.6 years.
The 2 primary outcomes were coronary events and
the rate of breast cancer. Raloxifene had no effect
on the risk of primary coronary events (533 vs 553
events; HR, 0.95; 95% CI, 0.84 -1.07) but was asso-
ciated with a reduced risk of invasive breast cancer
(40 vs 70 events; HR, 0.56; 95% CI, 0.38-0.83).
However, the all-cause death rate was the same in
both groups, and raloxifene use was associated
with an increased rate of fatal stroke (59 vs 39
events; HR, 1.49; 95% CI, 1.00-2.24) and venous
thromboembolism (103 vs 71 events; HR 1.44: 95%
CI, 1.06-1.95). The drug was associated with a
reduced risk of clinical vertebral fractures (64 vs.
97 events: HR, 0.65; 95% CI, 0.47-0.89) (N Engl J
Med. 2006;355:125-137). In an accompanying edito-
rial, Marcia L. Stefanik, PhD, from the Stanford
University Medical School reviews risk benefit
profiles of raloxifene for women. 

Reviewing data from the RUTH trial, as well as
other studies, the author suggests that a key issue
in contemplating raloxifene use is balancing the
benefits of reduction in the risk of breast cancer
and vertebral fractures with the increase risk of
venous thromboembolism and fatal stroke. She
suggests that raloxifene should be contemplated in
women with an increased risk of breast cancer, but
asks” What level of breast cancer risk would jus-
tify the use of raloxifene for prevention of breast
cancer for a given person . . .” and suggest that the
answer to that question is currently unknown. She
also states that, “For now, there’s no magic bullet
that can reduce the risks of major health problems
related to estrogens and aging without introducing
other potentially serious health concerns.” (N Engl
J Med. 2006;355:190-192).

The Truth About Multivitamins
More than half of the adult population in the

United States takes multivitamins on a regular
basis, yet little is known about the benefits or lack
of benefits of vitamins. The National Institutes of
Health has published a “State-of-the-Science
Conference Statement” on multivitamin/mineral
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supplements and chronic disease prevention as
an early release article on the Annals of Internal
Medicine web site on August 1. The statement
deals with the current patterns of vitamin use,
nutrient intake of vitamin users and nonusers,
the efficacy of single vitamins and minerals, the
efficacy of multivitamins, the safety of multivita-
mins, and where future research is needed.
Regarding single vitamins and minerals, the
results have been disappointing. 

Beta-carotene was found to cause an increase in
lung cancer incidence and deaths in smokers and
male asbestos workers and no benefit in prevent-
ing other types of cancers. Other cancer preventa-
tive studies have shown no benefit from
beta-carotene and, some have even suggested,
increase rate of stroke and CVD in women smok-
ers. Vitamin A has not been the subject of individ-
ual trials but, when paired with beta-carotene or
zinc, there is no impact on the incidence of cancer. 

Four trials have looked at vitamin E, and the
results have been mixed. The largest was the
Women’s Health Study, which suggested a
decrease rate of cardiovascular deaths with vita-
min E but no decrease in the incidence of CVD
events. Vitamin B6 was looked at, and 2 small
studies showed no benefit regarding cognitive
decline in elderly men and women. Folic acid
with or without vitamin B12 has been shown to
decrease the rate of neural tube defects in women
of childbearing age, but was not shown to pre-
vent cognitive decline in older adults. Selenium
was found to decrease the rate of liver cancer in
Chinese patients who were at risk, and there may
be some benefit in reducing the rate of lung,
prostate, and colorectal cancer. Calcium has been
shown to increase bone mineral density in post
menopausal women, and calcium coupled with
vitamin D has been shown to decrease the risk for
hip and non-vertebral fractures. Calcium and
vitamin D may increase risk of kidney stones,
and has not been shown to reduce the risk of 
colorectal cancer. 

The use of multivitamins and mineral supple-
mentation (MVM) has been studied in 5 random-
ized, controlled trials. Although the study
methodology was quite variable, there is a sug-
gestion that MVM may decrease risk of cancer.
No studies have shown any benefit as far as car-
diovascular disease, and the benefit for cataract
prevention is mixed. Progression of macular
degeneration may be slowed by certain multivita-
mins, and may represent the single most impor-
tant benefit from multivitamins. The conference

statement also stated that the FDA should be
given more oversight over the vitamin industry,
and that more rigorous randomized controlled
studies should be done of individual vitamins,
minerals, and MVM, including safety of these
products, as well as the interactions with nutri-
ents and medications (www.annals.org 1 August
2006, to be published in print 5 September 2006).

Statins and Hepatitis C
Statins may be effective therapy for hepatitis C

infections, and may even be used in combination
with interferon to inhibit replication of the hepa-
titis C virus, according to new study. Japanese
researchers recently evaluated the effect of vari-
ous statins with or without interferon on hepatitis
C replication. The synthetic statin fluvastatin was
the strongest inhibitor of HCV replication, while
atorvastatin and simvastatin were less effective.
Lovastatin’s effect was relatively weak, while
pravastatin displayed no anti-HCV activity. The
authors suggest that statins, especially fluvas-
tatin, could be “potentially useful as new anti-
HCV reagents” in combination with interferon
(Hepatology. 2006;44:117-125).

Preventing Hot Flashes
Gabapentin may be as effective as estrogen in

preventing hot flashes in postmenopausal women,
based upon a recent study. In a randomized, dou-
ble-blind, placebo-controlled trial on 60 post-
menopausal women randomized to conjugated
estrogen 0.625 mg daily, gabapentin titrated to 2400
mg daily, or placebo for 12 weeks. The primary
outcome, the hot flash composite score, was no dif-
ferent between estrogen or gabapentin (72%
improvement vs 71%), with placebo reducing
symptoms by 54%. No differences were seen in
severity of hot flashes or depression symptoms,
although side effects were slightly higher in the
gabapentin group (Obstet Gynecol. 2006;108:41-48).
The authors acknowledge that this is a small study
with a significant placebo effect. However, in light
of the Women’s Health Initiative findings, non-
estrogen alternatives for heart flashes are welcome.

FDA News
The FDA is opening the door to allow

Duramed’s Plan B emergency contraceptive to be
available over-the-counter to women 18 and
older. Previously the FDA had tabled the OTC
application indefinitely, but new FDA leadership
is more receptive. The drug is currently available
only by prescription.   ■

2 PHARMACOLOGY WATCH® / September 2006




