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Emerging & Re-Emerging Infections

2019: Measles Outbreaks in
the United States
By Matthew Zahn, MD

THE UNITED STATES has seen numerous

measles outbreaks since endemic disease
was declared eliminated in North America in
2000. Still, this year feels different.
More cases have been reported
in the country so far this year
than in any year since 1992.1 This
is partially due to international
epidemiology. Measles remains Matthew Zahn,
MD
endemic in much of the world,
and large international outbreaks, particularly
in the Philippines, Israel, and Ukraine, have led
to more travel-related disease.2
(continued on page 16)

Multidrug-Resistant Infections
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The Continued Search
for Optimal Daptomycin
Dosing Strategies in VRE
Bloodstream Infections

There are clear patient care consequences of avoiding cefazolin, especially surgical prophylaxis.

ACUTE INFECTIONS

Two Allergies or Cross-Reactive?
By Lindsay Courtney, PharmD, and Meghan Jeffres, PharmD, BCIDP

T

he first-generation intravenous cephalosporin, cefazolin, is a workhorse in most
hospitals. It is the preferred choice for a
majority of procedures in the surgical
prophylaxis guidelines endorsed by
the American Society of Health-System
Pharmacists, the Infectious Diseases
Society of America, the Surgical
Infection Society, and the Society for Lindsay Courtney,
PharmD
Healthcare Epidemiology of America.1
Additionally, cefazolin has become a first-line
choice for the treatment of methicillin-sensitive
Staphylococcus aureus infections.
The results of several studies show that patients
treated with cefazolin have lower mortality rates,
fewer adverse events, and less allergic reactions

By Alexandra M. Hanretty, PharmD , and
Rachel V. Marini, PharmD

A WIDE RANGE OF DAPTOMYCIN doses have

been evaluated for the treatment of vancomycin-resistant Enterococcus bloodstream
infections (VRE-BSIs). The US Food and Drug
Administration–approved dose of 6 mg/kg/
day is derived from Staphylococcus aureus
infection treatment, but has been shown to be
inadequate for the treatment of VRE-BSIs.1-3
(continued on page 20)

compared with the antistaphylococcal penicillins,
nafcillin and oxacillin.2-4 Unfortunately, cefazolin
is often avoided in patients with penicillin allergies
due to the concern for cross-reactivity between
penicillins and cephalosporins. It is our belief
that avoidance of cefazolin due to concerns about
cross-reactivity results in measurable patient
harm and is not supported by published evidence.
There are clear patient care consequences of
avoiding cefazolin, especially as surgical prophylaxis. A study of over 9000 surgeries found that the
odds of getting a surgical site infection were higher
in patients who were not given cefazolin due to
concerns about a penicillin allergy.5 In the multivariable logistic regression model adjusting for
age, sex, race, surgery type, American Society of
(continued on page 14)

Stewardship & Prevention

Maximize Contact and
Minimize Isolation
By Ryan W. Stevens, PharmD, BCPS, BCIDP , and
Bonnie Barnard, MPH, CIC, FAPIC

HOSPITALS
AND
OTHER
ACUTE patient care facilities

are an important part of the
infrastructure of any community. Patients seek care from
W. Stevens,
these institutions to improve Ryan
PharmD, BCPS,
BCIDP
health. The risk of acquiring
an infection within these institutions
represents an unfortunate reality for many.
(continued on page 22)

#1 PRESCRIBED FOR ADULTS WITH HIV-1 STARTING AND SWITCHING ARV REGIMENS
Source: Ipsos Healthcare US HIV Therapy Monitor & Scope Study Q3 2018.

INDICATION
BIKTARVY is indicated as a complete regimen for the treatment of HIV-1 infection in adults who have no antiretroviral
(ARV) treatment history or to replace the current ARV regimen in those who are virologically suppressed (HIV-1 RNA
<50 copies per mL) on a stable ARV regimen for ≥3 months with no history of treatment failure and no known resistance
to any component of BIKTARVY.

IMPORTANT SAFETY INFORMATION
BOXED WARNING: POST TREATMENT ACUTE EXACERBATION OF HEPATITIS B
Severe acute exacerbations of hepatitis B have been reported in patients who are coinfected with HIV-1 and HBV
and have discontinued products containing emtricitabine (FTC) and/or tenofovir disoproxil fumarate (TDF), and
may occur with discontinuation of BIKTARVY. Closely monitor hepatic function with both clinical and laboratory
follow-up for at least several months in patients who are coinfected with HIV-1 and HBV and discontinue BIKTARVY.
If appropriate, anti-hepatitis B therapy may be warranted.
Contraindications
Coadministration: Do not use BIKTARVY with dofetilide or rifampin.
Warnings and precautions
Drug interactions: See Contraindications and Drug Interactions sections. Consider the potential for drug interactions
prior to and during BIKTARVY therapy and monitor for adverse reactions.
Immune reconstitution syndrome, including the occurrence of autoimmune disorders with variable time to onset,
has been reported.
New onset or worsening renal impairment: Cases of acute renal failure and Fanconi syndrome have been reported
with the use of tenofovir prodrugs. In clinical trials of BIKTARVY, there have been no cases of Fanconi syndrome or
proximal renal tubulopathy (PRT). Do not initiate BIKTARVY in patients with estimated creatinine clearance (CrCl)
<30 mL/min. Patients with impaired renal function and/or taking nephrotoxic agents (including NSAIDs) are at
increased risk of renal-related adverse reactions. Discontinue BIKTARVY in patients who develop clinically significant
decreases in renal function or evidence of Fanconi syndrome.
Renal monitoring: Prior to or when initiating BIKTARVY and during therapy, assess serum creatinine, CrCl, urine
glucose, and urine protein in all patients as clinically appropriate. In patients with chronic kidney disease, also assess
serum phosphorus.
Treatment-Naïve Study Designs1-5:
The efficacy and safety of BIKTARVY for treatment-naïve adults were evaluated in Study 1489 and Study 1490. In Study 1489,
a phase 3, randomized, double-blind, active-controlled study, treatment-naïve adults with an eGFR ≥50 mL/min
were randomized in a 1:1 ratio to receive either BIKTARVY (n=314) or ABC/DTG/3TC (n=315) once daily. In Study 1490,
a phase 3, randomized, double-blind, active-controlled study, treatment-naïve adults with an eGFR ≥30 mL/min were
randomized in a 1:1 ratio to receive either BIKTARVY (n=320) or FTC/TAF+DTG (n=325) once daily. The primary endpoint
for both trials was the proportion of adults with HIV-1 RNA <50 copies/mL at Week 48. Secondary endpoints included
efficacy, safety, and tolerability at Week 96.

BIKTARVY® combines the FTC/TAF* backbone with
bictegravir, a novel and unboosted INSTI—for a powerful STR
with a high barrier to resistance1,6
No Treatment-Emergent Resistance Associated With BIKTARVY Through Week 961,4,5,7

0

CASES
OF RESISTANCE WITH
BIKTARVY

In two large phase 3 clinical trials in treatment-naïve adults1-5,7
Among 634 treatment-naïve adults in Studies 1489 and 1490, 7 treatment-failure subjects were tested and no amino acid substitutions
emerged that were associated with BIKTARVY resistance

Powerful Efficacy in Treatment-Naïve Adults1-5,7
Results noninferior to comparators at Week 481-3

Results noninferior to comparators at Week 964,5,7
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Most common adverse reactions (incidence ≥5%; all grades) in treatment-naïve clinical studies through week 96
were diarrhea (6%), nausea (6%), and headache (5%).4,5

IMPORTANT SAFETY INFORMATION (continued)
Warnings and precautions (continued)
Lactic acidosis and severe hepatomegaly with steatosis: Fatal cases have been reported with the use of nucleoside
analogs, including FTC and TDF. Discontinue BIKTARVY if clinical or laboratory findings suggestive of lactic
acidosis or pronounced hepatotoxicity develop, including hepatomegaly and steatosis in the absence of marked
transaminase elevations.
Please see additional Important Safety Information for BIKTARVY,
including BOXED WARNING, and Brief Summary of full Prescribing
Information for BIKTARVY on following pages.
*emtricitabine 200 mg/tenofovir alafenamide 25 mg.
†95% confidence interval.

SIMPLY POWERFUL

TM

See the possibilities
at DiscoverBiktarvy.com

IMPORTANT SAFETY INFORMATION (continued)
Adverse reactions
Most common adverse reactions (incidence ≥5%; all grades) in clinical studies through week 96 were diarrhea (6%),
nausea (6%), and headache (5%).
Drug interactions
Prescribing information: Consult the full prescribing information for BIKTARVY for more information on
Contraindications, Warnings, and potentially significant drug interactions, including clinical comments.
Enzymes/transporters: Drugs that induce P-gp or induce both CYP3A and UGT1A1 can substantially decrease the
concentration of components of BIKTARVY. Drugs that inhibit P-gp, BCRP, or inhibit both CYP3A and UGT1A1 may
significantly increase the concentrations of components of BIKTARVY. BIKTARVY can increase the concentration of
drugs that are substrates of OCT2 or MATE1.
Drugs affecting renal function: Coadministration of BIKTARVY with drugs that reduce renal function or compete for
active tubular secretion may increase concentrations of FTC and tenofovir and the risk of adverse reactions.
Dosage and administration
Dosage: 1 tablet taken once daily with or without food.
Renal impairment: Not recommended in patients with CrCl <30 mL/min.
Hepatic impairment: Not recommended in patients with severe hepatic impairment.
Prior to or when initiating: Test patients for HBV infection.
Prior to or when initiating, and during treatment: As clinically appropriate, assess serum creatinine, CrCl, urine glucose,
and urine protein in all patients. In patients with chronic kidney disease, assess serum phosphorus.
Pregnancy and lactation
Pregnancy: There is insufficient human data on the use of BIKTARVY during pregnancy. An Antiretroviral Pregnancy
Registry (APR) has been established. Available data from the APR for FTC shows no difference in the rates of birth
defects compared with a US reference population.
Lactation: Women infected with HIV-1 should be instructed not to breastfeed, due to the potential for HIV-1 transmission.
Please see Brief Summary of full Prescribing Information for BIKTARVY on following pages.
3TC, lamivudine; ABC, abacavir; ARV, antiretroviral; DTG, dolutegravir; eGFR, estimated glomerular filtration rate; FTC, emtricitabine; INSTI, integrase strand transfer inhibitor;
STR, single-tablet regimen; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
References: 1. BIKTARVY [package insert]. Foster City, CA: Gilead Sciences, Inc.; 2018. 2. Gallant J, Lazzarin A, Mills A, et al. Bictegravir, emtricitabine, and tenofovir alafenamide
versus dolutegravir, abacavir, and lamivudine for initial treatment of HIV-1 infection (GS-US-380-1489): a double-blind, multicentre, phase 3, randomised controlled non-inferiority
trial. Lancet. 2017;390(10107):2063-2072. 3. Sax PE, Pozniak A, Montes ML, et al. Coformulated bictegravir, emtricitabine, and tenofovir alafenamide versus dolutegravir with
emtricitabine and tenofovir alafenamide, for initial treatment of HIV-1 infection (GS-US-380-1490): a randomised, double-blind, multicentre, phase 3, non-inferiority trial. Lancet.
2017;390(10107):2073-2082. 4. Stellbrink HJ, Arribas J, Stephens JL, et al. Phase III randomized, controlled trial of bictegravir coformulated with FTC/TAF in a fixed-dose
combination (B/F/TAF) versus dolutegravir (DTG) + F/TAF in treatment-naïve HIV-1 positive adults: week 96. HIV Glasgow; October 28-31, 2018; Glasgow, UK. 5. Wohl D,
Yazdanpanah Y, Baumgarten A, et al. A phase 3, randomized, controlled clinical trial of bictegravir in a fixed-dose combination, B/F/TAF, vs DTG/ABC/3TC in treatment-naïve
adults at Week 96. IDWeek; October 3-7, 2018; San Francisco, CA. Abstract 74246. 6. Tsiang M, Jones GS, Goldsmith J, et al. Antiviral activity of bictegravir (GS-9883), a novel
potent HIV-1 integrase strand transfer inhibitor[…]. Antimicrob Agents Chemother. 2016;60(12):7086-7097. 7. Data on file. Gilead Sciences, Inc.

SIMPLY POWERFUL

TM

BIKTARVY® (bictegravir 50 mg, emtricitabine 200 mg, and tenofovir

alafenamide 25 mg) tablets, for oral use
Brief Summary of full Prescribing Information. See full Prescribing
Information. Rx only.
WARNING : POST TREATMENT ACUTE EXACERBATION OF
HEPATITIS B
Severe acute exacerbations of hepatitis B have been
reported in patients who are coinfected with HIV-1 and HBV
and have discontinued products containing emtricitabine
( FTC) and /or tenofovir disoproxil fumarate (TDF), and
may occur with discontinuation of BIK TARV Y. Closely
monitor hepatic function with both clinical and laboratory
follow-up for at least several months in patients who are
coinfected with HIV-1 and HBV and discontinue BIKTARVY.
If appropriate, anti-hepatitis B therapy may be warranted
[see Warnings and Precautions].

INDICATIONS AND USAGE
BIKTARVY is indicated as a complete regimen for the treatment of human
immunodeficiency virus type 1 (HIV-1) infection in adults who have no
antiretroviral treatment history or to replace the current antiretroviral regimen
in those who are virologically suppressed (HIV-1 RNA less than 50 copies per
mL) on a stable antiretroviral regimen for at least 3 months with no history
of treatment failure and no known substitutions associated with resistance
to the individual components of BIKTARVY.
DOSAGE AND ADMINISTRATION
Also see Warnings and Precautions and Use in Specific Populations.
Testing Prior to or When Initiating: Test patients for HBV infection.
Testing Prior to or When Initiating, and During Treatment :
As clinically appropriate, assess serum creatinine, estimated creatinine
clearance (CrCl), urine glucose, and urine protein in all patients. In patients
with chronic kidney disease, also assess serum phosphorus.
Dosage: One tablet taken once daily with or without food.
Renal Impairment: BIKTARVY is not recommended in patients with CrCl
<30 mL/min.
Hepatic Impairment: BIKTARVY is not recommended in patients with
severe hepatic impairment.
CONTRAINDICATIONS
Also see Drug Interactions.
BIKTARVY is contraindicated to be co-administered with:
• dofetilide due to the potential for increased dofetilide plasma concentrations
and associated serious and/or life-threatening events
• rifampin due to decreased BIC plasma concentrations, which may result in
the loss of therapeutic effect and development of resistance to BIKTARVY
WARNINGS AND PRECAUTIONS
Also see BOXED WARNING, Contraindications, Adverse Reactions, and
Drug Interactions.
Severe Acute Exacerbation of Hepatitis B in Patients Coinfected with
HIV-1 and HBV: Patients with HIV-1 should be tested for the presence
of chronic hepatitis B virus (HBV) before or when initiating ARV therapy.
Severe acute exacerbations of hepatitis B (e.g., liver decompensation and
liver failure) have been reported in patients who are coinfected with HIV1 and HBV and have discontinued products containing FTC and/or TDF,
and may occur with discontinuation of BIKTARVY. Patients coinfected with
HIV-1 and HBV who discontinue BIKTARVY should be closely monitored
with both clinical and laboratory follow-up for at least several months
after stopping treatment. If appropriate, anti-hepatitis B therapy may be
warranted, especially in patients with advanced liver disease or cirrhosis
since post-treatment exacerbation of hepatitis may lead to hepatic
decompensation and liver failure.
Risk of Adverse Reactions or Loss of Virologic Response Due
to Drug Interactions: Coadministration of BIKTARVY with certain other
drugs may result in known or potentially significant drug interactions; this

may lead to loss of efficacy and development of resistance to BIKTARVY
or clinically significant adverse reactions from greater exposures of
concomitant drugs. Consider the potential for drug interactions and review
concomitant medications prior to and during therapy. Monitor for adverse
reactions associated with concomitant drugs.
Immune Reconstitution Syndrome (IRS): IRS has been reported in
patients treated with combination ARV therapy. During the initial phase
of treatment, patients whose immune systems respond may develop an
inflammatory response to indolent or residual opportunistic infections,
which may necessitate further evaluation and treatment. Autoimmune
disorders have been reported to occur in the setting of immune
reconstitution; the time to onset is variable, and can occur many months
after initiation of treatment.
New Onset or Worsening Renal Impairment: Renal impairment,
including acute renal failure and Fanconi syndrome, has been reported
with the use of tenofovir prodrugs in animal studies and human trials.
In clinical trials of BIKTARVY in subjects with no antiretroviral treatment
history with eGFRs >30 mL/min, and in virologically suppressed
subjects switched to BIKTARVY with eGFRs >50 mL/min, renal serious
adverse events were encountered in less than 1% of subjects treated
with BIKTARVY through Week 48. BIKTARVY is not recommended in
patients with CrCl <30 mL/min. Patients taking tenofovir prodrugs
who have renal impairment and/or are taking nephrotoxic agents
including NSAIDs are at increased risk of developing renal-related
adverse reactions. Discontinue BIKTARVY in patients who develop
clinically significant decreases in renal function or evidence of Fanconi
syndrome. Renal Monitoring: Prior to or when initiating BIKTARVY,
and during treatment with BIKTARVY, assess serum creatinine, CrCl,
urine glucose, and urine protein in all patients as clinically appropriate.
In patients with chronic kidney disease, also assess serum phosphorus.
L actic Acidosis / S evere Hepatomegaly with Steatosis :
Lactic acidosis and severe hepatomegaly with steatosis, including fatal
cases, have been reported with the use of nucleoside analogs, including
FTC and TDF. Treatment with BIKTARVY should be suspended in any
individual who develops clinical or laboratory findings suggestive of
lactic acidosis or pronounced hepatotoxicity, including hepatomegaly and
steatosis in the absence of marked transaminase elevations.
ADVERSE REACTIONS
Also see BOXED WARNING and Warnings and Precautions.
In Adults with No ARV Treatment History:
The safety assessment of BIKTARVY is based on Week 48 data from
two randomized, double-blind, active-controlled trials: 1489 (n=314) and
1490 (n=320), in HIV-1 infected, ARV treatment-naïve adults. Through
Week 48, 1% of subjects discontinued BIKTARVY due to adverse events,
regardless of severity.
Adverse Reactions: Adverse reactions (all Grades) reported in ≥2% of
subjects receiving BIKTARVY through Week 48 in Trials 1489 and 1490,
respectively were: diarrhea (6%, 3%), nausea (5%, 3%), headache (5%,
4%), fatigue (3%, 2%), abnormal dreams (3%, <1%), dizziness (2%,
2%), and insomnia (2%, 2%). Additional adverse reactions (all Grades)
occurring in less than 2% of subjects administered BIKTARVY in Trials
1489 and 1490 included vomiting, flatulence, dyspepsia, abdominal pain,
rash, and depression. Suicidal ideation, suicide attempt, and depression
suicidal occurred in <1% of subjects administered BIKTARVY; all events
were serious and primarily occurred in subjects with a preexisting history
of depression, prior suicide attempt, or psychiatric illness.
Laboratory Abnormalities: Laboratory abnormalities (Grades 3–4)
occurring in ≥2% of subjects receiving BIKTARVY through Week
48 in Trials 1489 or 1490, respectively were: amylase >2.0 x ULN
(2%, 2%), ALT >5.0 x ULN (1%, 2%), AST >5.0 x ULN (2%, 1%),
Creatine Kinase ≥10.0 x ULN (4%, 4%), Neutrophils <750 mm 3
(2%, 2%), and fasted LDL-cholesterol >190 mg/dL (2%, 3%).
Changes in Serum Creatinine: Increases in serum creatinine occurred
by Week 4 of treatment and remained stable through Week 48.
In Trials 1489 and 1490, median serum creatinine increased by
0.10 mg/dL from baseline to Week 48 in the BIKTARVY group and was
similar to the comparator groups.
Continued on next page.

Continued from previous page.
Changes in Bilirubin: In Trials 1489 and 1490, total bilirubin increases were
observed in 12% of subjects administered BIKTARVY through Week 48.
In Virologically Suppressed Adults: The safety of BIKTARVY in HIV-1
infected, virologically suppressed adults is based on Week 48 data
from 282 subjects in a randomized, double-blind, active-controlled trial
in which virologically suppressed subjects were switched from either
DTG + ABC/3TC or ABC/DTG/3TC to BIKTARVY; and Week 48 data from
290 subjects in an open-label, active-controlled trial in which virologically
suppressed subjects were switched from a regimen containing atazanavir
(ATV) (given with cobicistat or ritonavir) or darunavir (DRV) (given with
cobicistat or ritonavir) plus either FTC/TDF or ABC/3TC, to BIKTARVY.
Adverse Reactions: Overall, the safety profile in virologically suppressed
adult subjects was similar to that in subjects with no antiretroviral
treatment history.
DRUG INTERACTIONS
Also see Indications and Usage, Contraindications, and Warnings
and Precautions.
Other Antiretroviral Medications: BIKTARVY is a complete regimen
for the treatment of HIV-1 infection, BIKTARVY coadministration
with other ARV medications for treatment of HIV-1 infection is not
recommended. Complete information regarding potential drug interactions
with other ARV medications is not provided.
Potential for BIKTARVY to Affect Other Drugs: BIC inhibits organic
cation transporter 2 (OCT2) and multidrug and toxin extrusion
transporter 1 (MATE1) in vitro. Coadministration of BIKTARVY with drugs
that are substrates of OCT2 and MATE1 (e.g., dofetilide) may increase
their plasma concentrations.
Potential Effect of Other Drugs to Affect BIKTARVY: BIC is a substrate of
CYP3A and UGT1A1. A drug that is a strong inducer of CYP3A and also an
inducer of UGT1A1 can substantially decrease the plasma concentrations of
BIC which may lead to loss of efficacy and development of resistance. The
use of BIKTARVY with a drug that is a strong inhibitor of CYP3A and also an
inhibitor of UGT1A1 may significantly increase the plasma concentrations
of BIC. TAF is a substrate of P-glycoprotein (P-gp) and breast cancer
resistance protein (BCRP). Co-administration of drugs that inhibit P-gp
and BCRP may increase the absorption and plasma concentrations of TAF.
Co-administration of drugs that induce P-gp activity are expected to
decrease the absorption of TAF, resulting in decreased plasma concentration
of TAF, which may lead to loss of efficacy and development of resistance.
Drugs Affecting Renal Function: Because FTC and tenofovir are primarily
excreted by the kidneys by a combination of glomerular filtration and
active tubular secretion, coadministration of BIKTARVY with drugs that
reduce renal function or compete for active tubular secretion may increase
concentrations of FTC, tenofovir, and other renally eliminated drugs, which
may increase the risk of adverse reactions.
Established and Potentially Significant Drug Interactions: The listing
of established or potentially clinically significant drug interactions with
recommended prevention or management strategies described are based
on studies conducted with either BIKTARVY, the components of BIKTARVY
(BIC, FTC, and TAF) as individual agents, or are drug interactions that may
occur with BIKTARVY. An alteration in regimen may be recommended.
• Antiarrhythmics: dofetilide. Coadministration is contraindicated due to
potential for serious and/or life-threatening events.
• Anticonvulsants: carbamazepine, oxcarbazepine, phenobarbital, phenytoin.
Coadministration with alternative anticonvulsants should be considered.
• Antimycobacterials: rifampin. Coadministration is contraindicated
due to the effect on BIKTARVY. Rifabutin, rifapentine. Coadministration is
not recommended.
• Herbal Products: St. John’s wort. Coadministration is not recommended.
• Medications/oral supplements containing polyvalent cations (e.g., Mg, Al,
Ca, Fe): Antacids containing Al/Mg or Calcium: BIKTARVY can be taken
under fasting conditions 2 hours before antacids containing Al/Mg or
calcium. Routine administration of BIKTARVY simultaneously with, or
2 hours after, antacids containing Al/Mg or calcium is not recommended.
Supplements containing Calcium or Iron: BIKTARVY and supplements

containing calcium or iron can be taken together with food. Routine
administration of BIKTARVY under fasting conditions simultaneously
with, or 2 hours after, supplements containing calcium or iron is not
recommended.
• Metformin: Refer to the prescribing information of metformin for assessing
the benefit and risk of concomitant use of BIKTARVY and metformin.
Consult the full Prescribing Information prior to and during treatment
with BIKTARVY for important drug interactions; this list is not all
inclusive.
USE IN SPECIFIC POPULATIONS
Also see Dosage and Administration, Warnings and Precautions,
and Adverse Reactions.
Pregnancy: Pregnancy Exposure Registry: There is a pregnancy exposure
registry that monitors pregnancy outcomes in women exposed to BIKTARVY
during pregnancy. Healthcare providers are encouraged to register patients
by calling the Antiretroviral Pregnancy Registry (APR) at 1-800-258-4263.
Risk Summary: There are insufficient human data on the use of BIKTARVY
during pregnancy to inform a drug-associated risk of birth defects and
miscarriage. BIC and TAF use in women during pregnancy has not been
evaluated; however, FTC use during pregnancy has been evaluated in a
limited number of women as reported to the APR. Available data from the
APR show no difference in the overall risk of major birth defects for FTC
compared with the background rate for major birth defects of 2.7% in a
U.S. reference population of the Metropolitan Atlanta Congenital Defects
Program (MACDP). The rate of miscarriage is not reported in the APR.
Lactation: The Centers for Disease Control and Prevention recommend
that HIV-infected mothers not breastfeed their infants to avoid risking
postnatal transmission of HIV. Based on published data, FTC has been
detected in human milk; it is not known whether BIKTARVY or all of
the components of BIKTARVY are present in human breast milk, affects
human milk production, or has effects on the breastfed infant. BIC was
detected in the plasma of nursing rat pups likely due to the presence
of BIC in milk, and tenofovir has been shown to be present in the milk
of lactating rats and rhesus monkeys after administration of TDF. It is
unknown if TAF is present in animal milk. Because of the potential for
HIV transmission in HIV-negative infants, developing viral resistance in
HIV-positive infants, and adverse reactions in nursing infants, mothers
should be instructed not to breastfeed.
Pediatric Use: Safety and effectiveness of BIKTARVY in pediatric patients
less than 18 years of age have not been established.
Geriatric Use: Clinical studies of BIKTARVY did not include sufficient
numbers of subjects aged 65 and over to determine whether they respond
differently from younger subjects.
Renal Impairment: BIKTARVY is not recommended in patients with severe
renal impairment (CrCl <30ml/min). No dosage adjustment of BIKTARVY is
recommended in patients with CrCl >30ml/min.
Hepatic Impairment: No dosage adjustment of BIKTARVY is recommended
in patients with mild (Child-Pugh Class A) or moderate (Child-Pugh Class B)
hepatic impairment. BIKTARVY is not recommended for use in patients with
severe hepatic impairment (Child-Pugh Class C) as BIKTARVY has not been
studied in these patients.
OVERDOSAGE:
If overdose occurs, monitor the patient for evidence of toxicity. Treatment
consists of general supportive measures including monitoring of vital
signs as well as observation of the clinical status of the patient.
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IMPROVING OUTPATIENT
ANTIMICROBIAL STEWARDSHIP:
TAKING THE NEXT STEP

P

rudent outpatient antibiotic use represents the holy grail of antimicrobial stewardship. Antimicrobial stewardship has developed, evolved, and grown largely through
hospital-based programs, with snippets of best practices in ambulatory care emerging
along the way. Although there is no doubt that the acuity of illness of hospitalized patients
justifies maximizing the degree of antimicrobial stewardship efforts in that setting, their
impact on antimicrobial resistance is limited primarily to the relatively small proportion
of patients who are admitted in hospitals or frequently receive inpatient care.
Antibiotics are the only type of medication for which use in one person affects utility in
another. They are a societal good. Given that the majority of human antibiotic use occurs
in the outpatient setting, we are missing an enormous opportunity if outpatient antimicrobial prescribing does not become a primary focus of antimicrobial stewardship efforts.
Because there were almost 5 antibiotic prescriptions for every 6 Americans in 2013,1 there
is a lot of work to do.
In June, The Joint Commission announced that beginning in 2020, new requirements were
being put into place for ambulatory health care organizations seeking its accreditation.
This follows voluntary guidance on Core Elements of Outpatient Antibiotic Stewardship
by the Centers for Disease Control and Prevention published in 2016.2 Although limited in
scope to organizations accredited by The Joint Commission, the establishment of requirements—instead of voluntary guidelines—in any ambulatory setting is a step forward.
What are these requirements? They are aimed at establishing antimicrobial stewardship as an institutional priority instead of setting prescriptive requirements on how it is
performed. Stringent requirements on practices are inappropriate for several reasons, chief
among them limited, but growing publications on successful outpatient antimicrobial
stewardship practices.
The audience of Contagion® is not one that primarily needs to hear the message on diligent
outpatient prescribing, but it is one that needs to promote it. Physicians and pharmacists
involved in the direction of inpatient antimicrobial stewardship programs should investigate
ways of becoming involved in the construction and management of outpatient programs.
In our previous issue, Christina G. Rivera, PharmD, BCPS, AAHIV-M, described some ways
that pharmacists can support these programs. 3 Physician involvement is also key. All of us
need to work together to bolster the literature, both to report stories of successful programs
and to supplement data describing the effects of minimizing antimicrobial exposure, such
as shorter antibiotic courses and delayed antibacterial prescriptions for illnesses likely to
be viral.
Outpatient antimicrobial stewardship has a long way to go, but we know long journeys
have to start somewhere.
Our feature article this month, by Lindsay Courtney, PharmD, and Meghan Jeffres, PharmD,
BCIDP, makes the argument that avoidance of cefazolin due to concerns about cross-reactivity results in measurable patient harm and is not supported by published evidence.
As always, enjoy this issue, and keep up with us at ContagionLive.com.
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Postulates About the Prostate: Fosfomycin for Chronic
Bacterial Prostatitis
BY MONICA V. MAHONEY, PHARMD, BCPS AQ-ID, BCIDP

P

rostatitis is the inflammation and infection of the prostate. The bacterial pathogens involved are similar to those
involved in other urologic infections. Although
Escherichia coli is the most common causative
pathogen, other etiologies include Pseudomonas
aeruginosa, Klebsiella spp., Enterococcus spp.,
Enterobacter spp., Proteus spp., and Serratia spp.
In sexually active men, Neisseria gonorrhoeae and
Chlamydia trachomatis should also be considered.1 Treatment of prostatitis can be difficult, as
many antimicrobials cannot penetrate into the
prostate. Current oral treatment options include
fluoroquinolones, tetracyclines, and sulfamethoxazole/trimethoprim. However, adverse reactions and increasing resistance against these
antimicrobials warrant alternative options for
oral therapy.
Fosfomycin is an attractive potential option
because it does not cross-react with other
antimicrobials, making it a good choice in
patients with extensive drug allergies. It
retains activity against many of the implicated organisms, including multidrug-resistant
strains such as extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriales and
vancomycin-resistant enterococci. It is also
available in an oral dosage form. However,
aside from a few case reports, there are
limited data regarding the dosing, duration,
and efficacy of fosfomycin for the treatment
of prostatitis.2,3
Karaiskos and colleagues conducted a
prospective observation study that set out to
identify the effectiveness and safety of oral
fosfomycin in the treatment of chronic prostatitis.⁴ Patients were enrolled if they had
more than 3 months of symptoms consistent with prostatitis, positive urine/prostatic
secretion cultures, a negative polymerase
chain reaction for sexually transmitted
infections, imaging suggesting prostatic
inflammation and did not have other orally
available antimicrobial options (eg, were
resistant, had allergies or adverse reactions).
HIGHLIGHTED STUDY

Oral Fosfomycin for the Treatment of
Chronic Bacterial Prostatitis
Karaiskos I,Galani L, Sakka V, et al. J Antimicrob
Chemother. 2019;74(5):1430-1437. doi: 10.1093/
jac/dkz015.
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TABLE. Results of 6- and 12-Week Fosfomycin Treatment for Chronic Bacterial Prostatitis
OVERALL
N = 44

6-WEEK TREATMENT
N = 25

12-WEEK TREATMENT
N = 19

Curea

82% (36/44)

84% (21/25)

79% (15/19)

Clinical cure

84% (37/44)

Microbiological cure

86% (38/44)

OUTCOMES
End of Therapy

3-Month Follow-up
Clinical cure

80% (35/44)

Microbiological cure

77% (34/44)

6-Month Follow-up

a

Clinical cure

80% (35/44)

Microbiological cure

77% (34/44)

Cure was defined as meeting both clinical and microbiological cures.

Patients provided consent to participate.
Fosfomycin was dosed at 3 g orally daily
for 1 week, then 3 g orally every 48 hours
for the remainder of therapy. Patients were
treated for either 6 weeks or 12 weeks, if
they had evidence of prostatic calcifications. Minimum inhibitory concentrations
(MICs) were evaluated via Etest (bioMérieux).
Primary outcomes included cure at end of
therapy, defined as resolution or improvement of all signs of infection, and relapse
rates, defined as isolation of the same causative pathogen during treatment or follow-up,
at 3 and 6 months of follow-up.
Forty-four male patients were enrolled,
ranging in age from 28 to 82 years (median 54).
Most patients had experienced 2 episodes of
chronic bacterial prostatitis. E coli was the
most common causative pathogen (66%),
followed by Klebsiella (14%), and Enterococcus
faecalis (14%). Most isolates were multidrug-resistant (59%), with 23% displaying
evidence of ESBL. The median fosfomycin
MIC was 1.5 mcg/ mL (range, 0.125-32 mcg/
mL) for gram-negatives and 8 mcg/mL (range
4-24 mcg/ mL) for E faecalis.
Cure was achieved in 82% (36/44 patients)
of participants at end of therapy, with a
similar breakdown between the 6- and
12-week groups (Table). Cure at the 3- and
6-month follow-ups were 80% and 73%,
respectively. Fosfomycin resistance emerged
in 5 patients, 2 were in the 6-week group
and 3 in the 12-week group. Overall, fosfomycin was well tolerated. Eight patients

(18%) reported diarrhea, which resolved in
4 patients by extending the dosing interval
from every 48 hours to every 72 hours.
One patient discontinued treatment due
to diarrhea. No patients tested positive for
Clostridioides difficile.
Although this was a small, single-center
study with no comparator arm, the results
provide valuable insight into the treatment
of chronic bacterial prostatitis. This is the
largest study to date of oral fosfomycin for
this condition, with positive results. A more
concrete dosing regimen was used, and the
study provided long-term tolerability information. Additionally, a significant number of
patients presented with resistant organisms.
In an era of increasing antimicrobial resistance, the only option for many patients
may be intravenous therapy. Furthermore,
many patients may not tolerate the available
oral options that can penetrate the prostate.
The fluoroquinolones, which have long been
considered the gold standard of prostatitis
treatment, carry several concerning adverse
effects. Additionally, fluoroquinolones, sulfamethoxazole/trimethoprim, and tetracyclines can
interact with many other medications.
This study’s results provide the proof-of-concept for a larger randomized controlled trial
of fosfomycin in the treatment of prostatitis.
In the meantime, this study may be used to
support initiating fosfomycin in a patient with
contraindications to one of the available oral
alternatives for prostatitis. 
References available at ContagionLive.com.
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Does Decreased Renal Function Predict Worse Outcomes
With Newer Antimicrobials?
BY J. DREW ZIMMER, PHARMD, BCPS

I

n 2013, the US Centers for Disease Control
and Prevention (CDC) reported that at least
2 million people are infected by an antibiotic-resistant infection, and at least 23,000
of those people die each year in
the United States.1 A more recent
estimate has the actual annual
incidence of inpatient and outpatient deaths closer to 150,000.2 J. Drew Zimmer,
In response to this global threat, PharmD, BCPS
there have been several new antibiotics
(see Table 1 online) marketed that target
bacteria that are considered to be serious risks
by the CDC and World Health Organization. 3,4
Antimicrobial therapy targeted to these
multidrug-resistant (MDR) bacteria is evolving,
particularly in regard to appropriate dosing.
Multiple factors must be considered when
developing dosing regimens for these new
antimicrobials, such as the pharmacokinetic/pharmacodynamic (PK/PD) parameters,
interpatient variability, minimum inhibitory
concentration (MIC) breakpoints, and issues
with resistance emergence.
Bidell and Lodise looked at using renal
impairment dosing guidelines for ceftazidime/
avibactam (CAZ-AVI), ceftolozane/tazobactam
(TOL-TAZ), daptomycin, and telavancin and
if these dosing recommendations affected
outcomes in patients with moderate renal
impairment.5 They found that in all 4 phase
3 trials, there was a trend of reduced efficacy
in patients with baseline renal impairment.
This review will focus on the phase 3 studies
which evaluated the antimicrobials CAZ-AVI
and TOL-TAZ.

CAZ-AVI plus metronidazole was evaluated
in the phase 3 complicated intra-abdominal
infection (cIAI) trials RECLAIM 1 and 2 versus
meropenem.6 TOL-TAZ plus metronidazole was
compared in a similar study, the ASPECT-cIAI
trial, versus meropenem for the treatment of
cIAI.7 In RECLAIM 1 and 2, response rates
were higher with meropenem (74.3%-88%)
compared with CAZ-AVI and metronidazole
(45.2%-72%), with a between group absolute difference range of 16.0 to 29.1 (Table 2).
In the ASPECT-cIAI study, response rates
were higher with meropenem (69.2%-71.4%)
compared to TOL-TAZ with metronidazole
(47.8%-72.7%), with a between group absolute
difference range of –1.3 to 21.4 (Table 2).
The authors suggest several explanations
for these results. The first explanation was
possibly unrelated to which antibiotic was
chosen in the studies. Interpatient variability,
chronic disease state, age and severity of
illness, and missing variables assessed as failures were explored.
Additional explanations included PK/PD
reasons centered on the limitations of current
methods of adjusting dosing in patients
with acute renal failure, particularly in those
with fluctuating renal function. Both major
estimates of renal function equations, the
Cockcroft-Gault and modification of diet in
renal disease, assume that patients have stable,
nonfluctuating renal function. There are also
alterations in PK/PD in patients with sepsis.
Alterations can include increased volume of
distribution, increased drug clearance, and
lower plasma concentrations.8 Often, septic

TABLE 2: Cure Rates and Success Based on Renal Impairment
NO RENAL IMPAIRMENT
N/N (%)

MODERATE RENAL IMPAIRMENT
N/N (%)

mMITT

CAZ-AVI: 322/379 (85.0)
MER: 321/373 (86.1)
Difference: –1.1 (95%, CI –6.17 to 1.58)

CAZ-AVI: 14/31 (45.2)
MER: 26/35 (74.3)
Difference: –29.1 (95%, CI –50.05 to –5.36)

MITT

CAZ-AVI: 407/476 (85.5)
MER: 410/478 (85.8)
Difference: –0.3 (95% CI, –4.75 to 4.21)

CAZ-AVI: 20/41 (48.8)
MER: 32/43 (74.4)
Difference: –25.6 (95% CI, –44.53 to –4.78)

CE

CAZ-AVI: 356/383 (93.0)
MER: 362/390 (92.8)
Difference: 0.2 (95% CI, –3.59 to 3.84)

CAZ-AVI: 18/25 (72.0)
MER: 22/25 (88.0)
Difference: –16.0 (95% CI, –38.23 to 6.87)

MITT

TOL-TAZ: 312/366 (85.2)
MER: 355/404 (87.9)
Difference: –2.7 (95% CI, –7.53 to 2.2)

TOL-TAZ: 11/23 (47.8)
MER: 9/13 (69.2)
Difference: –21.4 (95% CI, –47.3 to 11.6)

ME

TOL-TAZ: 251/264 (95.1)
MER: 299/314 (95.2)
Difference: –0.1 (95% CI, –3.95 to 3.43)

TOL-TAZ: 8/11 (72.7)
MER: 5/7 (71.4)
Difference: 1.3 (95% CI, –34.37 to 40.92)

CAZ-AVI indicates ceftazidime/avibactam; CE, clinically evaluable; ME, microbiologically evaluable; MER, meropenem; MITT, modified intention
to treat; mMITT, microbiologically modified intention to treat; TOL-TAZ, ceftolozane/tazobactam.

HIGHLIGHTED STUDY

Suboptimal Clinical Response
Rates With Newer Antibiotics
Among Patients With Moderate
Renal Impairment
Bidell MR, Lodise TP. Pharmacotherapy.
2018;38(12):1205-1215.
doi: 10.1002/phar.2184

patients’ renal dysfunction resolves within the
first few days. Early antimicrobial dose reductions based on acutely decreased renal function can also lead to negative outcomes.9
To answer questions raised by this review,
numerous studies need to be performed to
ensure adequate antimicrobial dosing, particularly in the setting of renal impairment
and critical illness, such as therapeutic drug
monitoring of beta-lactam antibiotics. Until
there are more data, several strategies can
be employed. The first is to get an accurate
estimate of the patient’s renal impairment.
Clinically determining if the patient has acute
kidney injury or chronic renal impairment can
guide initial dosing of these antibiotics. In the
setting of fluctuating renal function, alternative methods of measuring clearance, such as
8- to 24-hour urine creatinine or urine output,
can help guide dosing of antibiotics. There is a
role for therapeutic drug monitoring of these
antibiotics, but standardization and more
literature are needed. The final strategy is the
utilization of the kinetic estimated glomerular
filtration rate equation, but it has not been
validated for this purpose.
Although the sample size from the 4 studies
are small, there is an indication signal that
reduced dosing of CAZ-AVI and TOL-TAZ in
patients with moderate renal impairment may
decrease the drugs’ efficacy and chance of cure.
As a result of the CAZ-AVI study, the recommended dose for patients with moderate renal
dysfunction is higher than in the RECLAIM 1
and 2 trials. More research is needed to evaluate the effect of moderate renal impairment
in patients who are candidates for antibiotics
for the treatment of complicated infections.
In severely ill patients, a risk-versus-benefit
assessment must be performed to determine if
dosage adjustments should be made, especially
in the setting of MDR bacteria. 
References available at Contagionlive.com.
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Immediate HIV Treatment May Promote
Robust CD4 Cell Response
By Laurie Saloman, MS

T

he scientific community understands
that when it comes to HIV treatment,
earlier initiation is better. Now, the
results of a study conducted by investigators at the Ragon Institute of Massachusetts
General Hospital, Massachusetts Institute
of Technology, and Harvard reveal that
extremely early introduction of antiretroviral
treatment (ART)—ideally within a day or 2 of
HIV diagnosis—may alter the course of the
disease and enable the preservation of crucial
CD4 T cells in infected individuals.
The investigators tapped 46 women enrolled in
the FRESH (Females Rising Through Education,
Support and Health) study in KwaZulu-Natal,
Africa. Participants were sexually active women
aged 18 to 23 years.
The participants were grouped into
3 cohorts. Group 1 consisted of 26 women
in the FRESH study whose blood test results
indicated they were in the earliest stages of
HIV infection. This group was given ART no
more than 24 to 48 hours after diagnosis.
Group 2 consisted of 8 participants whose
HIV stage was slightly more advanced; this
group also received ART immediately. The
third group comprised 12 women in various
stages of HIV infection who did not begin
taking ART until the acute phase of infection
had passed and their CD4-cell counts dropped
below 350 cells mm3 .
Up until now, according to the investigators,
there has been a lack of information about
the impact of very early ART initiation on the
CD8-cell response in HIV. When a person is
infected with HIV, the body mounts an aggressive
response using CD8 fighter cells. Unfortunately,

Herpes Vaccine
HSV529 Shows
Favorable Results
in Phase 1 Trial
By Jonna Lorenz

H
the CD8 cell activity soon dies down and
remains relatively ineffective thereafter. This
leaves the virus free to proliferate and destroy
valuable CD4 cells.
What the investigators found, however, is that
by introducing ART as soon as possible after
infection—before peak viremia—they can hijack
this process: The initial surge of CD8 cells sent
out to fight the virus is less aggressive when
faced with ART, but the CD8 cells remain much
more potent over the long term. This held true
for Groups 1 and 2 in the study, whose subjects
continued to produce disease-fighting cytokines,
leading to “the development of long-term immune
memory,” according to senior author Bruce
Walker, MD, who was quoted in a statement
issued by Massachusetts General Hospital.
“This study shows that the key benefit of initiating ART very early is the generation of transcriptionally quiescent immune responses,” the
research team wrote. “It is plausible that the less
stressed state of the responses in early [diagnosed] people could provide better immune
priming amenable to rapid boosting with therapeutic vaccines.” 

SV529, a vaccine for herpes simplex
virus 2 (HSV2), showed favorable
results in a recent phase 1 trial. The
vaccine was proven safe and elicited antibody and T-cell responses in herpes simplex
virus–seronegative adults.
According to details published in the
Journal of Infectious Diseases, the randomized, double-blind, placebo-controlled trial
included 60 adults aged 18 to 40 years
divided into 3 serogroups that received the
vaccine or a placebo at 0, 1, and 6 months.
In each group, 15 participants received the
vaccine, derived from HSV2 strain 186, and 5
received a placebo.
The trial found that 78% of HSV-negative
vaccine recipients saw antibody titer increases
of 4 times or more after 3 doses of the
vaccine. That group saw a 6.1-fold increase
in geometric mean titer (GMT) of neutralizing
antibody 30 days after the third dose of the
vaccine compared with a 1.45-fold increase in
the GMT 30 days after the third dose of the
gD2 subunit vaccine in the Herpevac trial.
The subgroups, HSV1-/HSV2-, HSVI+-/
HSV2+, and HSV1+/HSV2-, saw HSV2-specific
CD4+ T-cell responses in 36%, 46%, and 27%
of participants, respectively, and CD8+ T-cell
responses in 14%, 8%, and 18%.
The HSV529 trial noted that results are
pending from a separate study evaluating
whether the vaccine increases immune
responses in the skin at the injection site in
the form of lesions. 

FDA Approves Ceftolozane/Tazobactam for HABP/VABP

T

he US Food and Drug Administration (FDA) has approved
ceftolozane/tazobactam (Zerbaxa) for the treatment hospitalacquired bacterial pneumonia and ventilator-associated bacterial pneumonia (HABP/VABP).
“The approval of Zerbaxa for hospital and ventilator-associated pneumonia is important news for clinicians who care for these types of
patients; this is for 2 main reasons,” Yoav Golan, MD, MS, of Tufts Medical
Center, told Contagion®. “The first is the activity of Zerbaxa against multidrug-resistant pathogens that cause pneumonia, such as multidrug-resistant Pseudomonas. The other reason is the activity of Zerbaxa against
both resistant Pseudomonas as well as extended-spectrum β-lactamase
(ESBL) producers.”
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The phase 3 ASPECT-NP study, which compared a new 3-gram dose
regimen of ceftolozane/tazobactam with meropenem, enrolled patients
who were mechanically ventilated with HABP/VABP. The 726 participants
who were enrolled into the trial were randomized 1:1 to 3-g ceftolozane/
tazobactam or 1-g meropenem, both by intravenous infusion over 1 hour
every 8 hours for 8 to 14 days, stratified by age and diagnosis.
The primary end point was 28-day all-cause mortality (10% noninferiority margin), and the secondary end point was clinical response at testof-cure (7-14 days after end-of-therapy; 12.5% noninferiority margin) in
the intent-to-treat population (all randomized patients). Ceftolozane/tazobactam was found to be noninferior to meropenem for the primary and key
secondary end points. 
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Number of Reported Polio Cases in First Months of 2019 Up From 2018
By Einav Keet

T

he near eradication of poliomyelitis is one
of the great public health achievements of
the last century, but in a new report that
details the global progress made toward polio
elimination, investigators say the first months
of 2019 saw an uptick in cases of wild poliovirus
compared with the same period in 2018.
Since 1988, the global incidence of polio cases
has dropped by 99%. Today, polio transmission
continues in 3 countries, and a new report in the
US Centers for Disease Control and Prevention’s
Morbidity and Mortality Weekly Report details
revised emergency action plans for polio vaccination in Afghanistan, Nigeria, and Pakistan.
The new report details global cases of wild
poliovirus (WPV) and circulating vaccine-derived

poliovirus (cVDPV) and the progress made
toward their eradication from January 1, 2017,
to March 31, 2019. WPV type 2 was declared
eradicated in 2015, and no cases of WPV type 3
have been detected since 2012. There have also
been no reported cases of WPV type 1 (WPV1)
in the World Health Organization’s (WHO)
African Region in 30 months. For the first time
since 2014, however, the number of WPV1 cases
reported in Afghanistan and Pakistan rose, from
22 in 2017 to 33 cases in 2018. In addition, from
January through March 2019 there were 12 cases
of WPV1 reported worldwide compared with
8 during the same period in 2018.
“The increase in WPV1 cases tells us 2 things,”
study coauthor Sharon A. Greene, PhD, told

Contagion®. “First, our surveillance is sensitive enough to detect cases and to succeed in
eradicating polio. We must know where the
virus is circulating. Second, it tells us that children are not getting vaccinated. Inadequate
immunization coverage, either through routine
immunization programs or supplemental immunization activities, must be strengthened to stop
poliovirus circulation.”
Although 88% of infants worldwide 1 year or
older received 3 doses of poliovirus vaccines
in 2017, that rate of coverage was only 60% in
Afghanistan, 40% in Nigeria, and 75% in Pakistan.
“The largest hurdle in the last mile to WPV
eradication is missed children in the delivery of
polio vaccines,” Greene said. 

One Year of Ebola in DRC: What Makes the North Kivu Province
Outbreak Distinct?
By Michaela Fleming

K

rutika Kuppalli, MD, is no stranger to Ebola. Kuppalli, the incoming
vice chair of the Infectious Diseases Society of America’s Global Health
Committee, served as medical director of the Ebola Treatment Unit of the
Port Loko Government Hospital in Sierra Leone from 2014 to 2015.
As the Ebola outbreak in the Democratic Republic of the Congo (DRC) has
been ongoing for 1 year, Contagion® spoke to Kuppalli, also an affiliated assistant clinical professor in the Division of Infectious Diseases and Geographic
Medicine at Stanford University School of Medicine, about the outbreak and
what makes is distinct from the West African Ebola outbreak.

CONTAGION®: HOW IS COMMUNITY MISTRUST
AFFECTING THE ONGOING OUTBREAK?

Kuppalli: The intersection of complex social and political dynamics, in combination with the emergence of an Ebola outbreak in an area of the country with
no prior experience with it, has led to numerous challenges. A recent population-based survey of 961 adults in Beni and Butembo confirmed low levels of
trust in the government and widespread belief in misinformation regarding
Ebola. Surveyors found that misinformation about Ebola was common, and
25.5% of respondents believed it did not exist, 32.6% thought it was fabricated
for financial gains, and 36.4% thought it was fabricated to destabilize the region.
Overall, 45.9% believed any of the 3 statements. The baseline lack of trust and
misinformation is only exacerbated by ongoing violence and insecurity.
The increased incidence of violent attacks and [their] effect on the outbreak
is reflected in the numbers: It took 224 days to get from 0 to 1000 cases and
only 71 days to get from 1000 to 2000 cases. The violence is a circle, and as
long as it continues, [it] will erode community engagement and trust, thereby
making it very difficult to see how we will control this outbreak.

WHAT STEPS CAN BE TAKEN TO CONTROL AN OUTBREAK
OF THIS MAGNITUDE THAT IS ALSO IN A WAR ZONE?

Given the poor health care infrastructure, we should invest in developing and
reinforcing essential health care services as this will have a long-term meaningful impact on building community trust. We also need to develop a community-based response that incorporates community leaders [and] traditional
healers and is based on the needs of the people, as this will empower them.
Finally, we should consider the cultural context of “outbreak” and how we can
incorporate and adapt response-related activities so they are more in line

with what the community is accustomed to rather than what we think of as
being “normal.”

HOW DOES AUTHORIZED USE OF THE EBOLA VACCINE AND
EXPERIMENTAL THERAPIES COME INTO PLAY IN THIS OUTBREAK?

The use of medical countermeasures has been one of the success stories of the
current outbreak. The first vaccinations with the Merck rVSV-ZEBOV-GP vaccine
began on August 8, 2018, only 8 days after the outbreak in North Kivu and Ituri
provinces [was] declared. The success of the vaccination has been critical in
preventing this outbreak from being much worse, with over 130,000 individuals in NE [North Eastern] DRC immunized as of June 4, 2019.
In addition to the vaccine, there are 4 candidate therapeutics (Remdesivir,
MAb114, ZMapp, and REGN-EB3) offered to those with laboratory-confirmed
Ebola virus disease. These medications were initially offered to patients via a
compassionate use protocol, and since November 2018, [they have] also been
available via a randomized controlled trial being sponsored by [the] National
Institutes of Health. Integration of research into the outbreak response,
although complex, is absolutely necessary as it has allowed for further assessment and development of medical countermeasures. This has allowed for
enhanced control of the outbreak, thus saving lives and preventing this devastating epidemic from being much worse than it is.

IN YOUR OPINION HOW IS THIS OUTBREAK DIFFERENT
FROM THE 2014-2016 WEST AFRICAN OUTBREAK?

The greatest difference in the current DRC outbreak compared to the West
African outbreak is the insecurity and targeted violence at response teams and
facilities. One of the turning points was in September 2018 when 21 civilians
were attacked and killed in Beni by ADF [Allied Democratic Forces]. This led to
a halt in Ebola-related activities, allowing for potential cases and contacts to
travel unmonitored through the region. The effects have shown to be catastrophic. Since then, the onslaught of attacks has increased and not only been
directed toward frontline workers, but also health care facilities, leading MSF
[Médecins Sans Frontières] to close centers in Katwa and Butembo in February
2019. In comparison, I was the medical director of an Ebola treatment unit in
Sierra Leone during 2014 and never had concerns of being attacked. Although
there were rumors in the community about the virus, I never felt as if my safety
or well-being was at risk while trying to take care of sick patients. 
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Doravirine: Researchers DRIVE for a Drug Ahead of Its Class
A novel NNRTI hits the market, but what place will it have in treatment?

JOSEPH DEROSE, DO
DeRose is an infectious disease
physician at Jefferson Health
New Jersey Infectious Diseases.
He recently completed his
infectious disease fellowship
at Temple University Hospital
in Philadelphia, Pennsylvania,
and is a former internal
medicine resident and chief
resident at Rutgers New Jersey
Medical School in Newark.

BACKGROUND
Non-nucleoside reverse transcriptase inhibitors (NNRTIs) are
a class of antiretroviral medications that have been used
to treat HIV-1 since the early 1990s. Although they have
become less popular than integrase inhibitor–based regimens,
5 NNRTIs are currently US Food and Drug Administration
(FDA) approved for the treatment of HIV in combination with
other antiretroviral medications.1
As a class, NNRTI-based regimens have demonstrated virologic potency and durability.1 However, their use has been
limited by the prevalence of NNRTI-resistant strains of HIV-1 in
treatment-naïve patients. The possibility of high-level resistance
to older NNRTIs following a single mutation is also a concern.1
Researchers have sought to develop newer NNRTIs to overcome
these obstacles.
Doravirine (Pifeltro), a new NNRTI, was approved by the FDA
on August 30, 2018. It is currently available as a single agent
(Pifeltro) and in a once-daily, fixed-dose combination of doravirine, lamivudine, and tenofovir disoproxil (DOR/3TC/TDF,
Delstrigo) that has been studied as a single tablet complete
HIV-1 regimen. One of the key advantages that doravirine has
over other NNRTIs is a novel pathway that maintains activity
against HIV-1 viruses that contain common mutations that lead
to resistance to other NNRTIs, especially to efavirenz and rilpivirine.2 This advantage led to the inclusion of doravirine-based
regimens as a recommendation for certain clinical situations.1
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CLINICAL STUDIES
Delstrigo and Pifeltro were approved following the
results of 2 randomized, double-blind, active-controlled phase 3 trials. The DRIVE-AHEAD trial compared
734 treatment-naïve patients with HIV-1 viral loads
≥1000 copies/ mL who were randomly assigned to receive
DOR/3TC/TDF or efavirenz/emtricitabine/tenofovir disoproxil (EFV/FTC/TDF, Atripla) once daily for 96 weeks.
The primary end point was the proportion of patients
with an HIV-1 viral load <50 copies/mL at week 48, with
a predetermined noninferiority margin set at 10%. Of the
734 patients initially randomized, 728 were treated (364
per group).3,4
At 48 weeks, 84.3% of patients receiving DOR/3TC/TDF
demonstrated sustained viral suppression compared with
80.8% of the patients in the EFV/FTC/TDF group, meeting
the primary end point for noninferior efficacy (95% CI,
–2.0% to 9.0%). Among the patients with particularly
high baseline viral loads (≥100,000 copies/mL), 81.2% of
patients in the Delstrigo group and 80.8% of patients in the
EFV/FTC/TDF group achieved the primary end point at
48 weeks. In the safety evaluation, patients on DOR/3TC/
TDF had less dizziness (8.8% vs 37.1%), sleep disorders/
disturbances (12.1% vs 25.2%), and altered sensorium (4.4%
vs 8.2%) compared with patients who received EFV/FTC/
TDF. Also noted was a favorable lipid profile with minimal
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changes in low-density lipoprotein cholesterol
and non–high-density lipoprotein cholesterol
seen in the DOR/3TC/TDF group compared
with increases in the EFV/FTC/TDF group.3,4
The DRIVE-FORWARD trial looked at
769 patients randomly assigned to doravirine
or darunavir plus ritonavir in combination
with 2 nucleoside reverse transcriptase inhibitors (NRTIs), either tenofovir disoproxil and
emtricitabine or abacavir and lamivudine.
There were 385 patients assigned to the doravirine group and 384 to
the ritonavir-boosted
darunavir group. Again,
the primary end point
of the study was the
proportion of patients
with an HIV-1 viral
load <50 copies/mL at
week 48, with a predetermined
noninferiority margin set at 10%.
At 48 weeks, 84% of
patients in the doravirine group and 80%
in the darunavir group
achieved the primary
end point of viral loads
≤50 copies/mL (95% CI
for difference, –1.6%
to 9.4%), satisfying
noninferiority criteria.
The most common
adverse effects were
diarrhea and nausea,
both of which occurred
more frequently in the
darunavir group. As
seen in the DRIVEAHEAD trial, there
was
a
f av o ra b l e
lipid profile for the doravirine-containing
regimen compared with the baseline drug.5,6
A third study was performed to demonstrate
the efficacy of switching a patient’s antiretroviral therapy to a doravirine-based regimen.
The DRIVE-SHIFT trial evaluated the efficacy
of switching stable, virally suppressed patients
to DOR/3TC/TDF. In an open-label, active-controlled, noninferiority trial, patients with
HIV-1 virologically suppressed for ≥6 months
on 2 NRTIs plus a boosted protease inhibitor,
boosted elvitegravir, or an NNRTI were randomized to switch to DOR/3TC/TDF or to continue
their current therapy. The primary endpoint
was the proportion of patients with HIV-1 viral
load <50 copies/mL, with comparison between
DOR/3TC/TDF at week 48 and the baseline
regimen at week 24, with a predetermined
noninferiority margin set at 8%. A total of 670
patients were treated, with 447 on DOR/3TC/
TDF and 223 on their baseline regimen.7,8

At week 24, 93.7% of patients on DOR/3TC/
TDF and 94.6% on their baseline regimen had
viral loads ≤50 copies/mL. At week 48, 90.8%
of patients on DOR/3TC/TDF had viral loads
≤50 copies/mL, demonstrating noninferiority
based on the predetermined noninferiority
margin (95% CI for difference, -7.9% to 0.3%).
Finally, the advantageous lipid profile with
the doravirine-containing regimen compared
with the ritonavir-boosted protease inhibitor
held true.7,8

ADVERSE REACTIONS,
WARNINGS AND PRECAUTIONS
When deciding if a doravirine-containing
antiretroviral regimen is appropriate to
prescribe, multiple factors must be considered. Both doravirine alone and DOR/3TC/
TDF are prescribed once-daily and can be
taken with or without food. There is no creatinine clearance cut-off to prescribing either
regimen; however, obtaining baseline creatinine, estimated creatinine clearance, urine
glucose, and urine protein in all patients in
whom DOR/3TC/TDF is started is recommended, due to the tenofovir disoproxil in
the regimen.9
Patients should also be screened for hepatitis B before starting therapy, as DOR/3TC/
TDF contains a boxed warning regarding
posttreatment acute exacerbation of hepatitis
B infection. There is also a contraindication
to prescribe a doravirine regimen when the

patient requires a strong cytochrome P450 3A
inducer due to the fact that doravirine is a
sensitive substrate of the enzyme.9
Doravirine-based regimens have been
generally well tolerated; the most common
adverse reactions seen in studies include
dizziness, nausea, and diarrhea. There are
no current data available regarding the use
of doravirine-containing regimens in pregnancy. Doravirine—and the NNRTI class, in
general—have no activity against HIV-2 and
should be avoided in
these patients.9
PLACE IN THERAPY
DOR/3TC/TDF and doravirine offer several benefits over existing NNRTIs.
First, doravirine can be
given without attention
to whether a patient
is on an acid-reducing
agent, an advantage
over other drugs in the
class. Doravirine also has
a more favorable lipid
profile compared with
the other NNRTIs. Finally,
given doravirine’s activity
against strains with resistance to other NNRTIs, it
can be used for patients
with known resistance to
other drugs in the class.
Although doravirine has
advantages compared to
other NNRTIs, its place
in the overall treatment
landscape is unclear.
Integrase inhibitor–based
regimens remain the
preferred choice for initial therapy in guidelines published by major HIV governing
bodies, but doravirine has not been compared
with integrase-based regimens in any trials.
Also, because once-daily DOR/3TC/TDF
contains tenofovir disoproxil as opposed to
the newer tenofovir alafenamide, patients on
DOR/3TC/TDF are at increased risk for renal
and bone toxicity relative to combinations that
contain the newer formulation.
Although the overall role of NNRTIs in HIV
therapy has declined, doravirine offers an
improved choice when they are still useful.
Doravirine-based regimens can be useful for
patients who are unable to tolerate integrase inhibitors, who are HLA-B*5701–positive
(therefore limiting abacavir-based regimens),
and who have underlying psychiatric illnesses
who are at increased risk of exacerbation with
other NNRTIs. 
References are available at ContagionLive.com.
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CEFAZOLIN.

Two Allergies or Cross-Reactive?
The story of penicillin and cefazolin.
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(continued from cover page)
Anesthesiologists risk class, procedure duration, and wound
class, a reported penicillin allergy was associated with
increased odds of surgical site infection (adjusted odds ratio,
1.51; 95% CI, 1.02-2.22). Based on the results from the multivariable model, the authors concluded that the increased
surgical site infection risk was mediated by the patients’
receipt of an alternative perioperative antibiotic. Patients
labeled as penicillin allergic were far less likely to receive
cefazolin than nonallergic patients (12% vs 92%), and they
received significantly more clindamycin, vancomycin, and
gentamicin. Nearly 98% of patients who received vancomycin
prophylaxis received it 24 minutes prior to incision instead
of the recommended 60 to 120 minutes.1
A HABIT OF AVOIDANCE
The habit of avoiding cephalosporins in patients with a
penicillin allergy is pervasive. Clinicians are inundated
with best-practice and safety alerts in electronic medical
records proclaiming that the use of cephalosporins is
contraindicated in patients with a penicillin allergy. To
administer a cephalosporin, clinicians must override these
alerts, but that is often not done due to fear of litigation
and a misunderstanding of the pathophysiology of crossreactivity among β-lactams.
For years, clinicians and students have been taught
there is 10% cross-reactivity between penicillins and
cephalosporins. The origin of this 10% cross-reactivity
dogma is largely based on data published in the 1960s
and 1970s.6,7 The original authors assumed cross-reactivity
was due to the β-lactam structure, but we now know that
their findings were most likely due to contamination of
old drug preparations. Modern investigations by Romano
et al8,9 established that cross-reactivity between penicillins and cephalosporins is primarily based on the R1 side
chain, not the shared β-lactam ring structure (Table 1).10
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The first study included 214 patients with confirmed
delayed (Type IV) hypersensitivity to penicillins. 8
Investigators used patch and/or skin testing to assess for
cross-reactivity to several cephalosporins and aztreonam.
None of the participants experienced reactions to dissimilar side chain β-lactams (cefuroxime, ceftriaxone, aztreonam), while 40 (19%) had reactions to similar side chain
β-lactams (cephalexin, cefaclor, cefadroxil).
The second study included 252 patients with confirmed
immediate allergy (Type I) to penicillins. Investigators
used skin and/or radioallergosorbent tests to assess for
cross-reactivity to several cephalosporins.9 They found that
95 patients (38%) reacted to similar side chain cephalosporins and 4 (1.5%) reacted to dissimilar side chain cephalosporins. These data demonstrate a 20% cross-reactivity
rate between similar side chain β-lactams for patients with
Type IV reactions and 40% cross-reactivity rate for Type I
reactions. Only 1% of patients will have an allergy to both
a penicillin and a cephalosporin with a dissimilar side
chain. Since cefazolin has a unique side chain not shared
by any other penicillin or cephalosporin, we can predict
that approximately 1% of patients with a penicillin allergy
will also experience hypersensitivity to cefazolin. Several
recent reviews have created side-chain charts to aid clinicians in selecting β-lactams with dissimilar side chains to
the suspect allergen (Table 2).10-13
In addition to these specific allergy evaluations, there are
4 retrospective clinical studies that have investigated how
often cefazolin is tolerated in patients with self-reported
penicillin allergies (see Table 3 online).14-20
The first study included 413 patients labeled as penicillin
allergic, 300 of whom received a cephalosporin during the
surgical procedure.14 Most patients received cefazolin, and
1 received ceftazidime. One of the 300 patients received
diphenhydramine and hydrocortisone after the cephalosporin was administered and was assumed by authors
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TABLE 1. Gell and Coombs Hypersensitivity Categories10
TYPE I

TYPE II

TYPE III

TYPE IV

Onset

Immediate, <1 hour
after exposure

Delayed, 5-8 days
after exposure

Delayed, ≥1 week
after exposure

Delayed, >48 hours
after exposure

Mechanism

IgE

IgG

IgG-drug immune
complex

T cell
IVa – macrophage
activation
IVb – eosinophils
IVc – T cells
IVd – neutrophils

Clinical presentation

Urticarial rash,
pruritus, flushing,
angioedema,
wheezing, GI
symptoms,
hypotension
secondary to
vasoactive mediators
released by mast cells
and basophils

Hemolytic anemia,
thrombocytopenia,
neutropenia

Serum sickness,
vasculitis, Arthus
reaction

IVa – contact
dermatitis
IVb – maculopapular
exanthema
IVc – maculopapular
and bullous
exanthema, SJS, TEN
IVd – acutegeneralized
exanthematous
pustulosis

GI indicates gastrointestinal; IgE, immunoglobulin E; IgG, immunoglobulin G; SJS, Stevens-Johnson syndrome; TEN, Toxic epidermal necrolysis.

Cephalexin

+

+

X

CEFEPIME

X

CEFTAZIDIME

CEFUROXIME

CEFAZOLIN

X

AZTREONAM

+

+

CEFIDEROCOL

+

+

CEFOTAXIME

Ampicillin

+
+

CEFTRIAXONE

+

CEFOXITIN

+

Amoxicillin

CEPHALEXIN

Penicillin

AMOXICILLIN

TABLE 2. Matrix of Commonly Used β-Lactams That Share Similar R1 Side Chains.10-13,a
AMPICILLIN

SELF-REPORTED VS CONFIRMED ALLERGIES
Although the reaction rate to cefazolin was low
in all 4 studies, the study samples consisted
entirely of patients with self-reported penicillin
allergies. We now know that most self-reported
penicillin allergies are incorrect. A meta-analysis
of 24 studies determined that more than 95%
of patients labeled as having a penicillin allergy
will have a negative penicillin skin test and do
not have an IgE-mediated (Type I) allergy to
penicillin.21 A penicillin skin test does not rule
out other immune-mediated hypersensitivities,
including Type II, III, and IV reactions.10
Not only does cefazolin appear to be safe
to use in patients with a self-reported penicillin allergy, cefazolin tolerance has been
studied in patients with a proven penicillin

hypersensitivity. A prospective study out of
Spain evaluated tolerance to cefazolin in
patients with immediate allergies to penicillin
or amoxicillin.18 All 41 patients underwent skin
testing and/or an oral challenge with penicillin and amoxicillin to confirm their allergy
history. They then underwent skin testing and
an intramuscular challenge for cefazolin and
other cephalosporins. None of these patients
experienced an allergic reaction.
Two other prospective studies from France
and Italy included patients with a history of
perioperative hypersensitivity suspected to
be due to cefazolin, which was subsequently
confirmed by skin tests and/or challenge tests.
These patients then underwent skin testing
to assess their tolerance to penicillins.19,20 In
the first study, 1 of the 10 patients allergic to

PENICILLIN

to have experienced an allergic reaction.
Although cefazolin was administered in 299
of 300 of those cases, it was not stated if
cefazolin was the culprit cephalosporin in this
case. The second study included 624 surgical
interventions in 513 pediatric patients labeled
as penicillin allergic.15 Cefazolin was administered in 127 surgical interventions. One
patient (0.8%) experienced hives and erythema
and was successfully treated with diphenhydramine. The majority of patients received
clindamycin, and 2.1% experienced allergic
reactions, nearly 3 times the reaction rate
among patients treated with cefazolin. The
third study included 196 patients labeled as
penicillin allergic who received hip and knee
arthroplasty surgeries.16 A subset of 54 patients
reporting non–immunoglobulin E (IgE)mediated penicillin allergies received and
tolerated cefazolin. The fourth study included
55 patients who received cefazolin for surgical
prophylaxis regardless of penicillin allergy
history description.17 None experienced an
allergic or adverse reaction.

cefazolin had a positive skin test for amoxicillin and ampicillin.19 This patient was also
skin test positive for cefuroxime and cefotaxime, which have almost identical R1 side
chains but are not similar to any penicillins. In the second study, 19 patients allergic
to cefazolin were evaluated and none of
them displayed a positive skin test to any of
the penicillins.20
The overall reaction rate of these 7 studies is
0.5% (95% CI, 0%-1.5%) (Table 3). The reaction
rate among patients who self-report an allergy
to penicillin is 0.4% (95% CI, 0%-1.4%). The
reaction rate among patients with a confirmed
penicillin allergy is 1.4% (95% CI, 0%-8.4%).
This is far lower than the 20% or 40% seen
between penicillins and cephalosporins with
similar side chains and similar to the 1.5%
reaction rate seen in prior studies.8,9 Ultimately,
a reaction rate of 1.4% is too low to call the
relationship between cefazolin, penicillin, and
amoxicillin cross-reactive and instead most
likely represents patients who have 2 independent allergies. This reaction rate is also in line
with data indicating that 1.2% of the population has multiple drug allergy syndrome.22
Research about and awareness of the risks
associated with avoiding β-lactams in patients
labeled as penicillin allergic has increased
dramatically recently. However, more data and
guidance are needed to help clinicians distinguish between cross-reactivity and multiple
β-lactam allergies. In the meantime, distribution of the existing data and education from
infectious diseases and allergy champions will
result in increased use of cefazolin in both
patients labeled as penicillin allergic as well as
those with proven penicillin allergies. 
References are available at ContagionLive.com.
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Antibiotics that are known to be cross-reactive have a (+) in the cell. Antibiotics with similar R1 side chains have an (X) in the cell. Blank cells
imply there is no known cross-reactivity or R1 structure similarities.
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Patients are considered infectious from 4 days
before until 4 days after a rash begins.
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in
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United
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WHEN TO SUSPECT MEASLES
A patient’s exposure and travel history are vital to a
measles assessment. In communities not experiencing
an outbreak, testing should primarily be considered in
patients with a known exposure risk, such as travel
outside of North America, transit through US international
airports, or interaction with foreign visitors, including at a
US tourist attraction.
Measles symptoms begin after an incubation period
of 7 to 21 (usually 8-12) days. A prodrome with some
combination of fever, cough, nonpurulent conjunctivitis,
and coryza is followed in 3 to 6 days by a descending
16 | Contagion ® • August 2019

maculopapular rash. Koplik spots, white macular 1-mm
lesions on the buccal mucosa, appear 2 to 3 days into the
prodrome. They generally are fading or are gone by the
time rash develops. Testing is rarely indicated in patients
with either no rash or a rash that does not begin on the
scalp or face, as well as in patients who present just with
rash and no prodrome.
DIAGNOSIS
Initial testing should include measles polymerase chain
reaction (PCR) of a throat swab (Table 1). 3 Other respiratory specimens, including nasopharyngeal, may also be
used. Urine PCR can be added to respiratory PCR testing
to increase sensitivity. Most PCR testing is performed
in public health laboratories. Community PCR testing
capacity that is readily accessible is vital to initiating a
prompt exposure response.
Measles serum immunoglobulin M testing is useful in
suspected disease for persons who have not been vaccinated, but it has relatively poor sensitivity in persons with
a history of immunization.4
MEASLES VACCINATION
Measles, mumps, and rubella (MMR) vaccination is recommended for all children at 12 to 15 months and then
again at 4 to 6 years. Two doses are about 97% effective
at preventing measles. The second dose is not a booster; it
provides coverage for the approximately 7% of persons who
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The virus also is being introduced frequently into
communities around the country: As of June 13, 28 states
have reported cases this year. These national case counts
are invariably driven by large outbreaks in communities with low immunization rates. Of 1044 cases reported
through June 13, just under 90% are related to 3 outbreaks
in New York City; Rockland County, New York; and Clark
County, Washington.1
With more outbreaks and increased media interest
in measles, medical providers are getting more questions about the disease. Providers need to know when it
is appropriate to consider and test for measles and be
familiar with the basics of conducting health care contact
investigations when a case is identified.
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TABLE 1. Testing for Measles Infection3
TEST

SENSITIVITY

SPECIFICITY

OPTIMAL SCENARIO FOR USE

Throat PCR

High

High

Within 10-14 days of illness onset

Urine PCR

High

High

Within 10-14 days of illness onset
Adds sensitivity to throat PCR

Serum IgM

High for nonvaccinated cases
Less sensitive for previously vaccinated

Occasional false
positives

Persons with no history of measles
vaccination
Most sensitive ≥3 days after rash
onset
Can be useful in identifying disease
retrospectively (>14 days after illness
onset)

IgM indicates immunoglobulin M; PCR, polymerase chain reaction.

were not protected by the first dose. Although
community epidemiology rarely mandates it,
patients may receive the second dose anytime
4 weeks or more after the first dose, and
there is no downside to series acceleration.
Protection lasts for decades, and there is no
recommendation for adult “booster dosing.”
Adults in the general population who are
not at high risk for measles but who do not
have documentation may be concerned they
are not immune. There is minimal risk to
receiving a third MMR dose. But in general,
persons born before 1957 were likely exposed
to wild-type measles and are thus immune.
Most adults born in 1957 or later who grew
up in the United States and believe that
they received their routine pediatric immunizations probably did receive at least 1
measles-containing vaccine and do not
need an additional dose. Adult populations
who should have 2 documented doses of
measles-containing vaccine or serologic proof
of immunity include health care workers and
international travelers.
As in past years, some cases have been
identified in persons with a history of
2 MMR doses or serologic evidence of immunity. Such cases have the same constellation of prodromal symptoms, followed by a
descending rash. The prodrome is frequently
milder, the rash may be less impressive, and
the patients tend to be less ill and less infectious. However, the postexposure recommendations remain the same for these cases, and
the contact investigations are just as onerous.
PUBLIC HEALTH RESPONSE
Every measles case is a sentinel event
for state and local public health departments. With the increase in imported cases,
health departments around the country
are becoming experienced responding to
these events. In most cases, an effective

public health response will be time and
labor intensive.
Patients are considered infectious from
4 days before until 4 days after the rash
begins; those with cough are generally the
most infectious. Because the virus is passed
in an airborne fashion, any travel outside the
home to enclosed spaces generates exposures,
often leading to large contact investigations.
The public health response has to balance
the need to reach this large group with the
most significant exposure are at highest risk.
Community exposures in large public venues
such as malls, movie theaters, or sporting
events, tend to be low risk, unless known
direct contact with the case occurs, and do
not merit postexposure prophylaxis.
MEASLES INFECTION CONTROL IN
HEALTH CARE SETTINGS
Patients with measles often have multiple
medical visits before the disease is diagnosed,
resulting in significant numbers of exposures in health care settings. Every person
in a clinical setting is at risk once a measles
case enters that setting until 2 hours after
the case leaves or is placed in airborne isolation. Providers need to have a plan to safely
see suspect cases in their clinic setting.
Patients should be placed immediately in a
negative pressure room if one is available.
Other options include seeing the patient in
a predetermined outdoor space outside the
clinic building or at the end of the clinic day
when other patients have left. Public health
should be contacted immediately with any
suspect case to begin a coordinated effort to
identify potential contacts. Outreach in some
form, either by phone or letter, is needed to
reach exposed patients and their family and
friends. The form of follow-up is often defined
by response capacity and the number of
persons exposed.

All exposed medical staff are also at risk,
particularly those who have face-to-face
contact with infected persons. Any health
care staff who are exposed to measles must
be proven to be immune (with a documented
history of 2 MMR doses or serologic proof of
immunity) or they should be excluded from
work from the fifth day after their first exposure until 21 days after their last exposure.
Breakthrough disease can occasionally occur
in vaccinated persons, so medical staff who
are known to be immune should still practice airborne precautions (N95 masking)
while seeing the patient. Even with documented immunity, medical staff with known
exposure should be made aware that they
should stop working immediately and be
tested for infection if prodromal-type symptoms begin.
POSTEXPOSURE PROPHYLAXIS
Postexposure prophylaxis (PEP) for those
without evidence of immunity can take the
form of measles vaccine (within 72 hours of
exposure) or immune globulin (IG) (within
6 days). Because IG is a limited resource, it
is generally used to protect persons at particular risk of serious disease, such as infants or
immunocompromised persons, rather than to
control outbreaks. Exposed infants younger
than 12 months and severely immunocompromised children who weigh less than 30 kg
should receive 0.5 mL/kg of body weight of
intramuscular IG.
Alternatively, infants aged 6 to 11 months
may be given the MMR vaccine within
72 hours of exposure, although IG is preferred
for this population. Exposed persons who are
severely immunocompromised and weigh over
30 kg and pregnant women should receive
intravenous IG at a dose of 400 mg/kg.5
VACCINE LEGISLATION
Recent outbreaks have spurred legislation
regarding school exemptions in multiple
states. New York, Maine, and Washington all
passed bills in 2019 removing religious and/
or personal belief exemptions from public
school immunization requirements. But the
passage of such bills is not a simple matter.
In most communities, a vocal antivaccination population oppose such measures.
Success requires a legislative champion
who recognizes the public health importance of such measures and is willing to
accept the potential political cost. Physician
champions can often play an important
role, acting as subject matter experts in a
variety of community settings by speaking
to the safety of vaccines and the importance of protecting our loved ones from
serious disease. 
References are available at ContagionLive.com.
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The NTDs observed in the Botswana
study may represent folate deficiency,
but ongoing surveillance is necessary to
determine the association.

Antiretroviral Safety in Pregnancy: Focus on Dolutegravir,
Integrase Inhibitors, and Neural Tube Defects
There has been increasing interest in the association between neural tube defects, dolutegravir, and
integrase inhibitors as a class since 4 cases were reported in 2018.
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he reduction in morbidity and mortality with combination antiretroviral therapy (cART) in the past 2 decades
has positively changed the outlook for pregnancy and
extended life expectancy in mothers with HIV. Women being
treated effectively with cART during pregnancy has reduced
vertical transmission to 1% or less in the United States and
Europe and close to zero when virologically suppressed prior
to conception and throughout the pregnancy.1-3 Women with
HIV have the same reproductive desires as women without HIV
infection.4 Therefore, in order to lower the risk of unplanned
pregnancies and mother-to-child-transmission (MTCT), it is
important to routinely discuss reproductive plans with women
of childbearing potential.5
Among women with HIV who are pregnant or planning
to conceive, important considerations include the therapeutic efficacy of the individual antiretrovirals (ARVs) in
pregnancy, teratogenicity, and potential for poor tolerability.5 Information that patients can use to make decisions about the safe use of medications in pregnancy is
based on results from preliminary animal studies, pregnancy registries, clinical trials, and reported experience.
The Antiretroviral Pregnancy Registry (APR) represents a
prospective, observational study of pregnancy outcomes
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related to ARV exposure in utero.6 Pregnancy cases are
evaluated with the intention of identifying teratogenicity
signals with exposure. In order to ascertain the risk of
birth defects with a given ARV medication, the APR
requires use of the individual therapy in at least 200 pregnancies.6 Studies have generally found similar rates of
birth defects from ARV exposure during the first and later
trimesters, indicating that early ARV use is not associated with an increased risk of birth defects.7 ARV medication safety in pregnancy based on current information is
provided in more detail in Table 1 (online).8
In a prospective cohort study in Quebec, Canada, pregnant women with HIV who received care between 1998
and 2015 and were exposed to antiretroviral therapy (ART)
during their first trimester did not have an increased risk
of major congenital malformations compared with women
who were untreated.9 The results of a US prospective
cohort study from 2007 to 2012 evaluating outcomes in
first trimester ARV exposure of children noted no association between congenital anomalies and specific ARV medications, drug classes, or combination therapies.10
Many studies that evaluate the association between
birth defects and ARV exposure do not evaluate the use of
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folate during the first trimester.11 The risk of neural tube
defects (NTDs) is reduced with maternal folic acid supplementation of at least 400 mcg/d during periconception.12
Therefore, it is recommended that women contemplating
pregnancy begin folate supplementation, as the greatest
fetal risk is during the first 28 days post conception.5
DOLUTEGRAVIR AND INTEGRASE STRAND TRANSFER
INHIBITORS IN PREGNANCY
Dolutegravir (DTG) was approved in 2013. The results
of animal studies in clinical development indicated no
teratogenicity in pregnancy.8 However, in May 2018, the
World Health Organization (WHO) released a statement
highlighting a potential safety signal with DTG noted in
a preliminary unplanned analysis of an ongoing observational pregnancy surveillance study in Botswana.13 The
study aim was to compare the prevalence of NTDs in children following exposure to DTG with other ARV regimens
at conception.
Of 426 women taking DTG at conception, there were
4 cases of NTDs.14 This birth defect rate (0.94%) was much
higher than that observed with exposure to other ARVs (14
of 11,300 exposures; 0.12%) at conception when evaluating
data from 88,755 births.13,14 There were no cases of NTDs
in women who started DTG during pregnancy (n = 2812).
Data on pregnancy outcomes through March 2019 have
recently been further analyzed.15 Updated data now indicate
5 cases (5/1683; 0.30%) of NTDs among children exposed
to DTG from conception and 1 NTD case (1/3,840; 0.03%)
when DTG was started in pregnancy. Comparatively,
15 NTD cases (15/14,792; 0.10%) were observed in children born to women receiving non-DTG regimens during
conception, 3 cases (3/7959; 0.04%) with exposure to
efavirenz from conception, and 70 cases (70/89,372; 0.08%)
in pregnancies of HIV-uninfected women (no ART).
Further evaluation of the 4 NTD cases with DTG exposure in the original analysis revealed the women were
not taking folate supplementation at conception and
their past medical history did not include risk factors for
NTDs, such as diabetes or epilepsy.14 When the safety of
DTG-based regimens (n = 1729) and efavirenz-based regimens (n = 4593) started during pregnancy were compared
in the Botswana surveillance study between 2016 and 2017,
the prevalence rates of adverse pregnancy outcomes (eg,
preterm birth, stillbirth, and small for gestational age) were
similar between groups (33.2% and 35.0%, respectively).16 In
this study period, 32% of women began DTG-based regimens after conception.
Recently, other prospective cohort studies have evaluated the safety of DTG and other integrase strand
transfer inhibitors (INSTIs) early in pregnancy in realworld settings (see Table 2 online).14,17-25 In these studies,
the majority of the women were taking INSTIs before their
first trimester. Neonatal outcomes following prenatal and
first-trimester exposure to DTG were analyzed in 2 large
prospective pregnancy registries: Antiretroviral Pregnancy
Registry and the European Pregnancy and Pediatric Cohort
Collaboration.17 No cases of NTDs were observed in over
300 pregnancies.
Data from other cohort studies in the United States,
Canada, Sweden, and France reported similar results
following preconception and first trimester use of DTG.18-21
In a Canadian Perinatal HIV Surveillance Program

representing 23 Canadian HIV centers, there were 3 cases
of NTDs in women taking ART other than DTG, which was
a similar rate (0.13%) to the Botswana data.20
Surveillance studies of congenital anomalies associated
with the use of elvitegravir (EVG) and raltegravir (RAL)
early in pregnancy were also analyzed to determine if there
were safety signals within the INSTI class.21-25 The greatest
use during conception was with RAL, but no reports of
CELESTE CAULDER, PHARMD
NTDs were identified in over 800 cases.22-23 Cases reviewed
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However, recently the WHO
potential and pregnancy.
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released updated recommendations for the preferential use of DTG in all populations, including pregnancy
and women of childbearing potential, based on the body
of evidence to date. 30 In light of the updated Botswana
information, other HIV guidelines may soon revise their
guidance, but at this time the following are recommended prior to use of DTG in women of childbearing
potential: a pregnancy test, determination of their desire
to become pregnant, and a discussion of the risks and
benefits of conceiving on DTG therapy. DTG should be
avoided in patients during the first
trimester of pregnancy and in women
who are of childbearing potential who
desire to become pregnant or who are
not consistently using effective contraWHO recommends DTG
ception. In susceptible patients, RAL
as the preferred agent in
is the INSTI with the most early-pregnancy data and could be used. DTG
all populations.
appears safe after the first trimester
and may be used at that time.
In reality, prevention of MTCT in
women who are highly treatment-experienced with multiclass ARV resistance
(such as women vertically infected) may require use of
INSTIs, such as DTG and BIC.31 Currently, in light of the
limited safety data with BIC in pregnancy and its structural
similarity to DTG, the same concerns exist and treatment
is not recommended.25
The NTDs observed in the Botswana study may represent folate deficiency, but ongoing surveillance is necessary to determine the association. Other prospective cohort
trials have not produced evidence of an increased risk
of NTDs with DTG, EVG, RAL, or BIC. Analysis of these
cohort studies revealed no NTDs or clustering of congenital malformations associated with the use of DTG or other
INSTIs in early pregnancy. Continued surveillance studies
with DTG and other contemporary antiretroviral therapies,
including provider reporting of pregnancy outcomes to
the APR, are needed to further evaluate the safety of ART
during pregnancy. 
References and tables are available at ContagionLive.com.
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A key determinant of poor outcomes is higher daptomycin
minimum inhibitory concentrations (MICs) of Enterococci
(4 µg/mL), compared with Staphylococci (1 µg/mL), that
decrease the probability of achieving optimal pharmacodynamic targets associated with clinical efficacy.4 In vitro study
results show MIC90 of 0.5 µg/mL and 4 µg/mL for S aureus and
Enterococcus faecium, respectively.5 Indeed, clinical study results
have shown that BSIs due to VRE with higher MICs (>2 µg/mL)
are associated with higher rates of microbiologic and clinical
failure when treated with standard dosing strategies.6,7
At MICs >3 µg/mL, Enterococci may harbor mutations in
the LiaFSR 3-component system, which is involved in the cell
envelopes’ response to antibiotics, and may result in the emergence of daptomycin resistance during treatment or reduced
potency.6,8 Higher MICs may also be a by-product of the testing
method since there is variability in MIC results regardless of
testing method utilized. This variability may pose problems for
clinical interpretation.9-12 In the 2019 Clinical and Laboratory
Standards Institute (CLSI) update, daptomycin breakpoints
for Enterococci were changed to reflect the dose-dependent
susceptibility observed from previous studies and differentiate
E faecium from other species (see Table 1 online).
DAPTOMYCIN DOSING IN ADULTS WITH VRE-BSI
Although data support higher daptomycin doses, it is unclear
what dose is needed to optimally treat VRE-BSIs.1-3 Studies have
classified “high-dose” daptomycin with various definitions,
including the 8 to 12 mg/kg recommendation by CSLI, leading
to the question of what is the optimal dose for VRE-BSIs.
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In vitro pharmacokinetic (PK)/pharmacodynamic study
results have shown that the dose-dependent effects of daptomycin vary based on the MIC, with a minimum AUC0-24 of
1540 to maintain bactericidal activity.13 Models of simulated
endocarditis predicted a daptomycin dose >10 mg/kg is necessary to obtain AUC24/MIC targets for successful treatment and
suppression of resistance development.13,14
A retrospective, multicenter review of adult patients treated
with daptomycin doses >6 mg/kg for VRE-BSIs found high
rates of overall clinical success and microbiological eradication
of 89% and 93%, respectively. The median daptomycin dose
was 8.2 mg/kg. As predicted from in vitro models, rates of
clinical success decreased as the daptomycin MIC increased.15
Although these results indicate that higher daptomycin doses
may be more effective, the study lacked a comparator group
and failed to define high-dose.
Chuang and colleagues conducted a prospective, observational study comparing daptomycin doses utilized for treatment of VRE-BSIs.16 Investigators compared mortality rates
across 3 patient groups based on daptomycin dosing strategy.
After dose rounding, higher doses (>9 mg/kg) were associated with lower mortality and better outcomes compared with
lower doses (Table 216,17). The study results did not show an
association between MIC and mortality.16
Britt and colleagues further stratified dosing by standard
(6 mg/kg), medium (8 mg/kg), and high ( > 10 mg/kg) in
a retrospective review of VRE-BSIs among Department of
Veterans Affairs patients.17 The patients were divided into
3 groups: standard dose (n = 709), medium dose (n = 142),
and high dose (n = 60). High-dose daptomycin was associated
Active members of the Society of Infectious Diseases Pharmacists (SIDP)
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Table 2. Comparison of Outcomes With Various High-Dose Daptomycin Therapy16,17
MORTALITY
N (%)

MICROBIOLOGY
SUCCESS
(%)

SAFETY CPK
ELEVATION
N (%)

STUDY (YEAR)

STUDY DESIGN

DAPTOMYCIN
DOSE

Chuang et al16

Prospective,
multicenter

<7 mg/kg
(n = 36)

18 (50)a

36.9b

2 (5.6)c

7-9 mg/kg
(n = 51)

17 (33.3)a

52b

4 (7.8)c

≥9 mg/kg
(n = 25)

5 (20)a

46.7b

1 (4)c

TOTAL (n = 112)

40 (35.7)a

44.6b

7 (6.25)c

6 mg/kg
(n = 709)

215 (30.3)

64.7

6/441 (1.4%)f

8 mg/kg
(n = 142)

47 (33.1)d

68.3e

1/103 (1)f

≥10 mg/kg
(n = 60)

10 (16.7)d

75e

0/51 (0)f

TOTAL (n = 911)

272 (29.8)d

66e

7/595 (1.2%)f

Britt et al

17

Retrospective,
multicenter

d

e

COMPARISON
Mortality benefit in ≥9 mg/kg dose compared with
<7 mg/kg (P = .003) and 7-9 mg/kg dose
(P = .03).
No significant differences noted between daptomycin dose
and elevated CPK
(P = .99)
Mortality benefit after adjusting for confounders remained
for ≥10 mg/kg compared with other dosing strategies
(P = .015)
No significant differences noted between treatment groups
and elevated CPK
(P = .504)

CK indicates creatine kinase; CPK, creatine phosphokinase; VRE, vancomycin-resistant Enterococci.
a
d
14-day mortality
30-day all-cause mortality
b
Defined as VRE isolated in follow-up blood culture ≥4 days after the onset of VRE bacteremia or death within eTime from initiation of daptomycin treatment until first negative culture by day 4 of daptomycin therapy.
f
Defined as a follow-up CPK level ≥3 times the upper limit of normal for up to 3 days after daptomycin dis7 days of bacteremia onset without clearance of VRE (n = 56)
c
Defined as CK level more than 10-fold greater than the normal upper limit.
continued.

with an overall survival benefit compared with
medium-dose daptomycin after adjusting for
confounders. However, there were no differences
in the rate of microbiological clearance between
the 2 groups (Table 2).
Limited-isolate MICs were available to further
stratify outcomes based on MIC.17 The association
with daptomycin MICs and clinical outcomes was
evaluated by Shukla and colleagues. This study
found that at higher MICs (3-4 µg/mL), there
were increased rates of microbiological failure
(P = .014). Findings did not support the anticipated increased daptomycin doses and improved
outcomes in this study.6
Although not discussed here, the combination
of daptomycin with high PBP5 binding affinity
β-lactams has shown increased binding affinity of
daptomycin through adjustments to the overall
charge of the bacterial surface and has shown
promising outcomes through in vitro studies and
case reports.18-20
Daptomycin is generally well tolerated, with
elevations of creatinine phosphokinase and rhabdomyolysis being the primarily reported adverse
drug events (ADRs). Based on the available
data, there does not seem to be an association
with increased dose and muscle toxicity.16,17,21
Concomitant statin use and increased risk of
ADRs remain uncertain.22-26
DOSING IN SPECIAL POPULATIONS
Obesity
Considerations for dosing weight selection in
patients considered obese become significant as
higher doses are used. The daptomycin package
insert recommends dosing based on actual body
weight (ABW) in obesity; however, this is based
on a 6 mg/kg analysis.27 The concerns are that
using ABW may put patients at greater risk for
ADRs, given the inherently higher total doses,
and using adjusted body weight (AdjBW) or ideal

body weight (IBW) could have a negative impact
on clinical outcomes.
Limited data are available that show the effect
of dosing weight on clinical outcomes. A 500-mg
fixed dose has been studied, but the investigators
did not evaluate outcomes.28 Two studies that evaluated clinical and safety outcomes in patients classified as obese using ABW versus AdjBW or IBW
found no difference in clinical outcomes, and ADRs
were similar between groups. Most patients in the
2 studies received <6 mg/kg; few patients received
doses >6 mg/kg.29,30 Based on available data, dosing
based on AdjBW in obesity is reasonable for VRE;
however, further studies are warranted.
Renal Replacement Therapy (RRT)
Dosing varies by type of RRT. In patients receiving
continuous renal replacement therapy (CRRT)
daily dosing is necessary to achieve similar plasma
concentrations and overall exposure as do patients
with a creatinine clearance >30 mL/min. In
patients receiving CRRT, a 48-hour dosing interval
could result in lower systemic concentrations after
the first 24 hours, as drug concentrations are likely
to fall below the optimal concentrations needed
to maintain bactericidal activity.31 Daptomycin
is typically dosed after hemodialysis (HD), and
on the longer-interval HD days, the dose should
be increased by 50% to account for the 72-hour
interval in order to maintain adequate serum
levels.32,33 A high dose has not been shown to result
in excessive drug exposures or elevated trough
levels associated with increased creatine phosphokinase and therefore should still be utilized
in patients receiving RRT.31,33
Pediatrics
To date, no studies have evaluated outcomes of
high-dose daptomycin for VRE-BSIs in pediatric
patients. Available studies are limited to PKs and
case series of mixed gram-positive infections.

PK study results demonstrate that serum concentrations are age-dependent with younger children
(2 to 6 years old) and infants (< 24 months) who
require higher doses in order to achieve peak serum
concentrations similar to those gained with the
4 to 6 mg/kg/day dose used in adult patients, which is
reflected in the current dosing recommendations.34-38
In younger children doses of 8 to 10 mg/kg/day
result in concentrations similar to 4 to 6 mg/kg/d
in adults.36 Whereas a dose of up to 15mg/kg every
12 hours has been used safely in infants.39
Given the variation between pediatric and adults
patients, high-dose daptomycin in pediatrics is
likely to be different than in adults. In the absence
of pediatric clinical outcome data for VRE-BSIs,
daptomycin therapeutic drug monitoring may be
prudent.40 It is important to note that the updated
CLSI susceptible dose-dependent recommendations do not apply to pediatrics.
CONCLUSIONS
The current evidence regarding optimal daptomycin dosing for the treatment of VRE-BSIs
favors the use of high-dose regimens; however,
such doses are not well defined in the literature.
Targeting strategies to prevent daptomycin resistance remain critical to preserve future utilization in an already limited antimicrobial setting
for VRE-BSI treatment. Collaborations between
infectious diseases and microbiology teams are
necessary for susceptibility interpretations.
Based upon the available literature, a minimum
daptomycin dose of 8mg/kg/d should be utilized
for the treatment of VRE-BSIs, with higher doses
encouraged based upon patient-specific characteristics, including MIC value. Routine monitoring of
ADRs is required in the setting of increased doses
as well as patients considered obese. Robust studies
assessing the optimal dosing of daptomycin are
needed for both adult and pediatric populations. 
References and table are available at ContagionLive.com.
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Infections with antimicrobial-resistant organisms is associated
with increased cost, morbidity, mortality, and length of stay.8
To combat HAIs, regulatory measures and surveillance mechanisms have been developed. In 1976, the Joint
Commission on Accreditation of Healthcare Organizations
instituted the requirement that hospitals have an infection
control program in place. In the mid-1980s, the CDC established a surveillance system for reporting HAIs called the
National Nosocomial Infection Study (now known as the
National Healthcare Safety Network [NHSN]). NHSN monitors and benchmarks HAI rates on a national level.
ORIGINS OF INFECTION PREVENTION
AND ANTIMICROBIAL STEWARDSHIP
Elements of antimicrobial stewardship (ASP) have been in effect
across the globe for decades, but the implementation of ASP
efforts in the United States began to gain steam in 2007 with
the publication of the Infectious Diseases Society of America
(IDSA) and Society for Healthcare Epidemiology of America
(SHEA) guideline on the implementation of ASP.9 In 2014, the
CDC released its core elements of ASP, and the United States
President’s Council of Advisors on Science and Technology
(PCAST) released a report detailing antimicrobial resistance
as a major threat to public health in the United States.10,11 The
PCAST report led to the establishment of a national action
plan for combating antimicrobial resistance in 2015, a revised
IDSA/SHEA guideline on ASP practices in 2016, and drafting
Active members of the Society of Infectious Diseases Pharmacists (SIDP)
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IMPACT OF HOSPITAL-ACQUIRED INFECTIONS
The results of a prevalence study conducted by the US Centers
for Disease Control and Prevention (CDC) revealed that an estimated 687,000 hospital-acquired infections (HAIs) occurred
in 2015, with 72,000 resulting in death during the hospitalization.1 Estimations of the overall use of antibiotics in acute
care facilities have remained fairly stable over the last several
years. Roughly 50% of patients admitted to an acute care
hospital will receive at least 1 dose of an antibiotic, and 30%
of antibiotic days of therapy may be inappropriate.2,3
Antimicrobial utilization and HAI development converge
around the potential for acquisition of an HAI with a multidrug-resistant organism (MDRO). Increased antibiotic utilization, even on 1 patient care unit within a facility, places
selective pressures on bacterial populations, subsequently
changing the bacterial isolates and antimicrobial susceptibility patterns observed within the overall population and care
setting.4,5 This reality is troublesome in acute care hospitals
where overuse or inappropriate use of antibiotics may adversely
affect the susceptibility patterns of organisms acquired as HAIs.
The concern for MDRO acquisition in health care settings
is illustrated within various national treatment guideline
recommendations that indicate that empiric broad-spectrum antimicrobial therapy covering methicillin-resistant
Staphylococcus aureus and multidrug-resistant gram-negative
bacilli, including Pseudomonas aeruginosa, for various HAIs.6,7
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and implementation of regulatory standards by CMS and The
Joint Commission pertaining to ASP in 2017.12-14
NHSN now has a voluntary reporting mechanism for antimicrobial utilization rates, allowing hospitals to benchmark
their antimicrobial utilization. Given the parallel regulatory measures, antimicrobial resistance targets, and overlap
in targeted disease states, such as Clostridioides difficile
infection and surgical site infections, ASP and infection
prevention programs (IPPs) were primed for partnership.
Optimization of this relationship and its associated multidisciplinary collaboration on targeted initiatives is likely
to produce positive effects beyond what either department
may accomplish in isolation.
EVIDENCE OF DEPARTMENTAL SYNERGY
The most important role of an IPP is to prevent the HAIs
that require treatment with antibiotics. This reduces selective
pressure of antimicrobials, which can result in the development of MDROs and C diff infection. Some of the most basic
infection prevention measures reduce the incidence of HAIs—
hand hygiene, environmental cleaning, and contact precautions—which are all designed to break the chain of infection
transmission. In addition to these basic infection prevention
practices, IPPs have partnered with ASPs and clinical laboratories to educate providers regarding appropriate diagnostic
testing stewardship, such as ordering urine cultures only when
a patient’s symptoms indicate evidence of infection and using
best practices for the collection of blood cultures that minimize the risk of contamination of specimens.15,16
This is mutually beneficial because it impacts the tracking
targets of both programs (ie, catheter-associated urinary tract
infection and central line–associated blood stream infection
rates for IPPs and inappropriate antimicrobial utilization
for ASP programs). With the association of broad-spectrum
antibiotic use and the development of C diff infection, HAIs
may benefit from the collaboration of IPPs and ASPs. The
rate of inappropriate systemic antimicrobial prescribing,
even after an initial C diff episode, may still be suboptimal,
and, furthermore, inappropriate systemic antimicrobial
utilization after a C diff episode has been associated with
an increased rate of recurrence.17 Implementation of multidisciplinary programs, including both infection prevention
and ASP, that target a reduction in hospital-onset C diff
(HO-CDI) rates, have produced benefits at both the institutional and regional levels.18,19 Additionally, C diff guidelines
in Europe and the United States emphasize the importance
of infection prevention and ASP measures in the prevention of HO-CDI.20,21 The need for ASP and IPP collaboration
has also been demonstrated by the interplay between the
diagnosis and management of other disease states, such as
urinary tract infections, and C diff. A recent report from a
retrospective cohort study in nursing homes demonstrated
that increased rates of urine culture obtainment was associated with increased rates of antimicrobial utilization and
thereby increased rates of C diff.22 This study highlights the
complexities present within the fields of infection prevention and antimicrobial stewardship as they relate across the
continuum and demonstrates their inseparable nature within
syndrome specific care.
Most recently, the rise of Candida auris as a pathogenic
threat has further highlighted the importance and complex
interplay between ASPs and IPPs. As of April 30, 2019, this
Candida spp. has been associated with 654 clinical cases

across 12 states and been implicated in HAIs.23 Because it
may be spread through contact with contaminated surfaces,
equipment, or persons, appropriate isolation and infection
prevention is critical to reduce the spread of this organism.
The relationship between C auris infection and ASP is 2-fold.
First, one of the risk factors for development of infection
with C auris is receipt of broad-spectrum antibiotics or antifungals. Second, this organism is known to have widespread
BONNIE BARNARD, MPH,
CIC, FAPIC
resistance to azole antifungals, strains resistant to multiple
Barnard is a data integrity
antifungal classes have been observed, and resistance may
infection preventionist at
develop rapidly during therapy. Thus, empiric therapy with an
Providence Alaska Medical
Center with more than 30
echinocandin and close follow-up are necessary. Appropriate
years of experience in the
isolation and infection prevention measures as well as ASP
field. She has served as a
and therapy optimization will be critical in the containment
leader at the national level
with the Association for
and prevention of HAIs due to C auris.24
Professionals in Infection
Historically speaking, ASPs have largely focused their efforts
Control and Epidemiology
(APIC), presented to
on the primary stewardship strategies of prospective audit
numerous audiences and
with intervention and feedback or formulary restriction. As
published on various infection
prevention and control topics.
ASPs seek to optimize antimicrobial therapy on an instituCertified in infection control
tional level they may benefit from taking note of the long
since 1985, she is also an
APIC fellow.
practiced IPP strategy of targeting syndrome specific goals.
Mediwala et al recently showed that a prospective audit and
feedback intervention strategy targeting carbapenem and
piperacillin/tazobactam utilization failed to demonstrate a
significant reduction in usage; however, when a syndrome
specific strategy was employed targeting these
agents in bloodstream and intra-abdominal infections statistically significant reductions in utilization rates were observed.25
The physical proximity

of the 2 programs has
CONCLUSIONS
The CDC’s core elements guidance document for
increasingly emphahospital ASPs recommends infection preventionsized the subject
ists as key support, given their skill set in auditing,
matter overlap.
analyzing, and reporting data as well as their
knowledge of tracking HAIs and educating health
care staff.10 With an infrastructure that includes
the CDC’s 7 core elements plus the diagnostic
capabilities and guidance of the clinical microbiology laboratory, any health care facility can develop an effective ASP
program; however, optimizing the efficiency and maximizing
the outcomes of an ASP will be more effectively accomplished
through the integration of infection preventionists into ASP
activities.26 Daily communication amongst these disciplines,
sharing their unique perspectives, and focusing on the care of
patients creates a synergy that can have important effects at
both the patient level, through improvements to an individual
patient’s care or HAI risk, and a facility or region, through
reductions in HAI rates.
In our 400-bed community hospital, the ASP and IPP are
located within the same department. Often the ASP will identify patients in need of infection prevention during their daily
prospective audits, and the IPP will identify opportunity for
antimicrobial or diagnostic testing optimization during their
daily census review. The physical proximity of the 2 programs
has increasingly emphasized the subject matter overlap and,
moreover, optimized the daily workflow and longitudinal
outcomes of both programs. The important work of preventing
HAIs and misuse of antimicrobials through stewardship activities are inextricably linked. The realization of their interdependence and activities to facilitate coordination between
these 2 programs is sure to contribute to patient safety. 
References are available at ContagionLive.com.
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ecommendations for initiation of treatment
and antiretroviral therapy (ART) regimens have
become increasingly simplified for management
of patients with HIV, and ongoing efforts should focus
on maximizing adherence and access to therapy and
educating patients on the “undetectable equals untransmissible” (U=U) concept, according to panelists who
participated in a Contagion® Peer Exchange.
HIV TREATMENT: INITIATION,
ADHERENCE, AND ACCESSIBILITY
Eric S. Daar, MD, said that all patients with a diagnosed HIV infection—regardless of CD4 count, symptoms, or comorbidities—should be given ART because
the current regimens recommended in
the United States and Europe, usually
2 nucleoside reverse transcriptase
inhibitors and an integrase inhibitor, are
relatively straightforward and prevent
disease progression and transmission.
He also mentioned that dolutegravir
JOSEPH ERON, MD
and bictegravir, 2 of the most recently
approved integrase inhibitors, do not require boosting
(eliminating concern about drug–drug interactions), are
well tolerated, and have a high barrier to resistance.
“Most people we start on 1 or 2 relatively small pills
a day with virtually no adverse effects for the majority
of them,” said Daar. “Obviously, we need to help people
get prepared to take their meds consistently if they’re
dealing with psychiatric disease and substance abuse,
but we should start everybody.”
W. David Hardy, MD, added that simplification of the
treatment guidelines for HIV infection has also aided

providers in treating their patients. “As the guidelines
become [smaller] in terms of the number of recommended regimens, it’s getting easier for people who
may not have been [treating patients with HIV] all their
lives and have always been put off by it,” he said. “The
guidelines used to have so many different options that
it looked too confusing.”
Although experts have debated for decades about the
ideal time to start therapy, Paul Sax, MD, stated that
starting as soon as possible is ideal and that patient
education courses on adherence are less important than
previously thought.
“Historically, there was this whole idea that before
people started on ART, they needed to go through a little
educational course, an HIV 101 course, to learn about
the importance of adherence and what viral loads [and]
CD4 mean, and all this stuff,” said Sax.
“But it turns out that was all garbage.”
Sax also described a study performed
in Haiti, the results showing that patients
with a new diagnosis randomized to
start on ART on the same day of diagnosis had such drastic improvements ERIC S. DAAR, MD
in retention in care and survival at
12 months compared with patients randomized to standard ART initiation procedures that the study was terminated early.1 He also noted that he gives the majority of his
patients a prescription for ART the first day he sees them.
However, Ian Frank, MD, pointed out that counseling
patients about adherence to therapy is still important
and that same-day initiation of ART may be more essential in developing countries, which often have high rates
of loss to follow-up and a large proportion of patients
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presenting with late-stage disease and traveling
long distances to the HIV clinic than in developed
countries, such as the United States.
“We want to get people on therapy quickly to
get their viral load undetectable as rapidly as
possible,” said Frank. “But if somebody comes
in and says, ‘I don’t think I’m
ready to start this,’ I don’t think
we should be twisting their arm
to get them to start on therapy.”
Other panelists argued that
even if patients are unwilling
to start therapy right away,
providers should talk them IAN FRANK, MD
into starting as soon as possible and ensure
their patients have access to medications, such
as with 10-day starter packs.
“You do have to have your clinic or office set
up to do that,” said Eron. “If you can do it, it’s
great. If it’s a few days later, that’s OK, [too].”
HIV: UNDETECTABLE EQUALS
UNTRANSMITTABLE
Prior to discussing specific treatment regimens,
the panelists discussed data supporting the U=U
concept. Hardy mentioned that results from the
PARTNER 1 and 2 studies showed a zero risk of
HIV transmission through unprotected sex from
an HIV-positive individual on suppressive ART to
an HIV-negative partner.2,3 The
panelists agreed that communicating the U=U concept
to all patients is particularly
important to reduce the stigma
of HIV positivity.
“In the gay community, there
W. DAVID HARDY, MD
has been a very strong prejudice against HIV-positive individuals because
they’re HIV positive,” said Daar. “This really
sends that away because they can’t transmit the
virus anymore.”
Daar added that explaining U=U to patients
with a new diagnosis may encourage them to
initiate and adhere to treatment. “Now we can
tell them that they will be able to initiate therapy

that is simple to take, is well tolerated, and will
always suppress their virus to undetectable levels
and that they’ll presumably live forever, from an
HIV perspective, on treatment,” he said. “They
also don’t have to worry about transmitting to
their partners.”
Frank added that the U=U concept is a major
component of the Getting to Zero campaigns,
which aim to eventually eliminate new infections and HIV-related mortalities in several
cities throughout the United States, such as
New York and San Francisco. The panelists
agreed that expanding the campaign’s message
into areas with high rates of transmission will be
particularly helpful for reducing the rate of new
infections, which tend to be focused in specific
geographic areas. Data from the US Centers for
Disease Control and Prevention (CDC) show that
52% of the new infections in 2017 occurred in
the South,4 and Eron mentioned that CDC data
show that 50% of new infections in 2016 occurred
in just 46 counties across all regions.
“There are thousands of counties in the United
States,” said Eron. “Again, I think that there are
hot spots where we can really focus [on] this.”
HIV THERAPY SELECTION FOR
THE GENERAL POPULATION
Frank noted that choosing an ART regimen has
become simpler as factors such as CD4 counts,
viral load, and cardiovascular disease have
become less important when selecting a therapy.
Although patients with lower CD4 counts tend
to have less of a response to therapy than those
with higher counts, Frank pointed out that the
outcomes in these patients are generally the
same regardless of the combination regimen
selected. He also said that although there may
be an increased risk for myocardial infarction
with abacavir-containing regimens, the next-generation integrase inhibitors are reasonably safe in
patients with cardiovascular disease and do not
interact with direct-acting anti–hepatitis C drugs
the way efavirenz-based or -boosted protease
inhibitor combinations do.
Drs. Hardy and Daar
debate the ideal time to
start therapy.

Frank added that patients with chronic
hepatitis B infection should be initiated on
a tenofovir-based regimen, but overall, there
are fewer worries about lipid
effects and other metabolic
complications
with
new
agents, further supporting
rapid initiation of therapy.
“All those labs that we used
to have to draw and wait for
PAUL SAX, MD
to come back, we don’t really
need to wait for them anymore, other than the
positive HIV test [and] the confirmation test,”
added Hardy.
DEPARTMENT OF HEALTH AND
HUMAN SERVICES (HHS) VS
INTERNATIONAL ANTIVIRAL SOCIETY
(IAS)-USA GUIDELINES FOR HIV
Prior to discussing the HHS and IAS-USA
guidelines for HIV treatment, Daar mentioned
that the high barrier to resistance with
the second-generation integrase inhibitors
increases his comfort level with using them
in patients who are likely to have difficulties
in adhering to therapy, such as those who are
homeless or have issues with substance abuse
or psychiatric disease.
“All those things that were important before,
with comorbidities and drug–drug interactions
and now barrier to resistance, have all gone away,
and [second-generation integrase inhibitors] are
preferred options to really meet all those needs,”
said Daar.
The currently recommended regimens for
treatment of HIV in the general population
include dolutegravir with abacavir and lamivudine in a single tablet, dolutegravir with
tenofovir and emtricitabine (TAF-FTC), or
bictegravir with TAF-FTC. 5 Raltegravir with
TAF-FTC is also listed in the HHS guidelines
but not in the IAS-USA guidelines. Sax pointed
out that unlike dolutegravir and bictegravir,
raltegravir cannot be coformulated with other
agents, meaning that patients have to take an
additional pill. He added that it has a higher
risk for development of resistance than the
second-generation integrase inhibitors and thus
a diminishing role in first-line treatment.
According to Sax, the role of abacavir
has also diminished because it is less tolerated than tenofovir, may be associated with
cardiovascular complications, and is generally
limited to patients who test negative for the
HLA-B*57:01 genotype.
“Abacavir was always a little less well tolerated
than tenofovir, even independent of a hypersensitivity, and the signals on cardiovascular risk
are concerning enough that I probably wouldn’t
use it,” said Sax. “And you still have to do an
HLA-B*57:01 test, which isn’t a big deal, but it
is another test.” 
References are available at ContagionLive.com.
| 25

www.ContagionLive.com
DISEASE-SPECIFIC TOPICS
Select an infectious disease topic to
access clinical news and articles, links to
condition-specific resources, videos, and
other relevant content.

Zika

Influenza

Mapped!® is a registered trademark of Intellisphere, LLC.

NEWS
Contagion ® Live delivers the latest
news happening around the globe in
infectious disease. Visit this section to
stay informed.

Mapped!

Providing health care professionals
who specialize in infectious disease
with up-to-date, disease-specific
information and resources to improve
patient outcomes and positively impact
the identification, diagnosis, treatment,
and prevention of infectious diseases.

CONFERENCES

VIDEOS

View this section for direct access to
information on upcoming conferences
in infectious disease.

Watch Contagion ® videos to hear expert
insight from health care professionals
and thought leaders on an array of
infectious disease topics.

OUTBREAK MONITOR
The Contagion ® Outbreak Monitor provides details and
trends on the number of confirmed cases and deaths
of infectious disease outbreaks, matched with recent
coverage related to each outbreak.
Use the Contagion ® Outbreak Monitor to learn about
infectious disease outbreaks in your geographical
region, and manipulate the map to find out the latest
information on global outbreaks. The new Map Key
lets you easily find the outbreak that you’re looking
for, and hone in on the details specific to that outbreak.
To view information on past outbreaks that have
occurred in specific regions, click on the new
Resolved Outbreaks tab.

© MJH & Associates, Inc, 2019. All rights reserved.

ASM MICROBE 2019

BY ALEXANDRA WARD, MA

S

creening multiple anatomic sites for
methicillin-resistant Staphylococcus aureus
(MRSA) increased detection of the bacteria by 25% compared with single-site testing
(SST) of the anterior nares alone.
Investigators from the University of
Wisconsin-Madison presented data at the
annual meeting of the American Society
for Microbiology (ASM Microbe) evaluating
the necessity of multiple site testing (MST)
for MRSA.
“Identification of MRSA carriage helps
reduce transmission and guide antimicrobial
therapy. Molecular testing via polymerase
chain reaction [PCR] of swabs from the anterior nares [ANs] is commonly performed to
rapidly detect MRSA; however, testing additional anatomic sites, such as the oropharynx
[OP] and/or axilla and groin [AG], has been
reported to increase sensitivity in studies
from the early 2000s at high–MRSA prevalence centers,” investigators wrote. “In this
study, we sought to determine the ability of
MST to increase MRSA detection at a lowprevalence academic center.”
A total of 4484 patients were enrolled in
the study, 549 (12%) of whom were <18 years
and 3935 (88%) of whom were ≥18 years.
Investigators performed MRSA PCR, with an
overall positivity rate for all anatomic sites at
313/4480 (7%). The research team used SST
for 1442 (32%) patients, with 54 positive (4%)
results. MST was performed on 3037 (68%)
patients and 255 (8%) were positive from at
least 1 site tested.
“For those with a positive MRSA result
from MST, [the ANs were] positive in
202/253 (80%) cases where AN sampling
was included, OP in 88/121 (73%), and AG
in 89/155 (57%); anatomic sites were more
commonly discordant for MRSA detection (n = 139) than they were concordant
(n = 116),” the investigators determined.
Overall, the use of MST increased MRSA
detection by 25%, and positive results are
more likely to be discordant than concordant across different anatomic sites, the
research team wrote.
“This [research] highlights the importance
of using MST at low-prevalence centers,
when clinically indicated (eg, ruling out
MRSA pneumonia, preoperative screening),”
investigators concluded.
The poster, Necessity of Screening Multiple
Anatomic Sites for Methicillin-Resistant
Staphylococcus aureus (MRSA) Carriage, was
presented June 21, 2019, at ASM Microbe
2019 in San Francisco, California. 
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BY MICHAELA FLEMING

I

nfections that are caused by drug-resistant
gram-positive bacteria affect millions of
people and cause thousands of deaths in
United States. To combat this urgent threat,
new antimicrobials are desperately needed that
have novel structural classes and unique mechanisms of action that can fight against highly
resistant strains.
An encouraging step in the right direction, a
team of investigators from Australia hypothesize that cannabidiol, the main nonpsychoactive
component of cannabis, could be an option for
the fight against these resistant pathogens, as
it has attracted attention as a potential treatment for a range of medical conditions, including
epilepsy and inflammation.
The investigators from the University of
Queensland and Botanix Pharmaceuticals Ltd
assessed the antimicrobial activity of synthetically produced cannabidiol, which does not
contain isolation-dependent impurities that
could confound biological testing results that
are obtained using plant extracts. Findings from
the assessment were presented in a poster at
the annual meeting of the American Society for
Microbiology (ASM Microbe).
In the investigation, cannabidiol was tested in
a “suite of standard antimicrobial assays,” which
began with broth microdilution assays against
a range of aerobic and anaerobic gram-positive
bacteria. The investigators also conducted timekill, resistance-induction, and biofilm-disruption
experiments with assessment of in vivo activity
against methicillin-resistant Staphylococcus
aureus (MRSA) in a murine neutropenic thigh
infection model.

“Cannabidiol was remarkably effective at
killing a range of gram-positive (but not
gram-negative) bacteria, with broth microdilution MICs [minimum inhibitory concentrations]
similar to clinical antibiotics such as vancomycin
and daptomycin,” the investigators, led by Mark
A. Blaskovich, PhD, wrote in the study abstract.
The research team elaborated that notable
activity was retained against resistant
S aureus strains MRSA, vancomycin-intermediate S aureus, vancomycin-resistant S aureus,
Streptococcus pneumoniae, and Enterococcus
faecalis. Additionally, cannabidiol was found to
be bactericidal, showed low levels of propensity
to induce resistance, and was active against
MRSA biofilms.
“Cannabidiol possesses surprisingly effective
activity as an antibiotic, comparable to widely
used antibiotics for gram-positive infections such
as vancomycin and daptomycin, but with retention of activity against bacteria that have become
resistant to these drugs,” the investigators wrote.
Based on the findings, the team concluded
that the documented anti-inflammatory effects
of cannabidiol, combined with extensive safety
data and the option for oral delivery, make it a
promising new option as an antibiotic.
“The combination of inherent antimicrobial activity and potential to reduce damage
caused by the inflammatory response to
infections is particularly attractive,” the
investigators concluded.
The study, Cannabidiol Is a Remarkably Active
Gram-Positive Antibiotic, was presented in a
poster session on June 23, 2019, at ASM Microbe
2019 in San Francisco, California. 

A new study documents cannabidiol’s
remarkably effective ability to kill a range of
gram-positive bacteria.
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Drug Pipeline Grows for Gram-positive, C diff, and
Nontuberculosis Mycobacterial Infections
BY BRIAN HOYLE, PHD
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trio of speakers at the annual meeting of the American Society for
Microbiology (ASM Microbe) provided a look at the latest developments in drugs intended to quell gram-positive pathogens, including
Clostridioides difficile and nontuberculosis (TB) mycobacterial infections.
Vancomycin-resistant Enterococcus faecium, the ever-present methicillin-resistant Staphylococcus aureus, and penicillin-nonsusceptible
Streptococcus pneumoniae remain threats. “The clinical pipeline to these
pathogens is dominated by derivatives of established classes. New drug
classes to address resistance with existing classes are fewer, and none of
the new classes of antibiotics have translated into clinical development,”
said Sushmita Lahiri, PhD, with Macrolide Pharmaceuticals (now Zikani
Therapeutics), in Watertown, Massachusetts.
Eravacycline and omadacycline were recently approved
by the FDA. Iclaprim for the treatment of acute bacterial skin and skin structure infection (ABSSSI) was
turned down by the FDA in February of this year,
with more data needed. None of these drugs feature
a novel mode of action.
Phase 2 trials are ongoing or planned for
antibiotics targeting ABSSSI, bone and joint
infections, and bacteremia caused by
Staphylococcus, and ventilator-assisted
pneumonia due to S aureus. Afabicin is
noteworthy, as is a novel chemical class
that targets NADH–dependent enoyl
reductase (Fabl), an enzyme involved
in fatty acid synthesis by bacteria.
Many efforts have tried and failed to
come up with an inhibitor of Fabl.
The list of phase 1 compounds is depressingly short. Interestingly, it includes a conjugate of an antibody to wall teichoic acid
and rifamycin (DSTA-46375) that targets
bacteremia caused by multidrug-resistant
S aureus bacteremia. The use of antibodies
has a checkered history. But this may be
changing with the upcoming phase 3 trial
of tosatoxumab and some ongoing phase
2 trials. Antibody-based treatments may
yet prevail.
One of the bedeviling gram-positive pathogens is C diff. The focus of drug development
is shifting to prevention, according to Dale N.
Gerding, MD, a research physician at Edward
Hines Jr. VA Hospital in Hines, Illinois. These
efforts include the prevention of recurrent
infections through the development of new
antibiotics with a narrower spectrum of focus
that are tailored to preserve the existing
microbiota, immunologics including monoclonal antibodies, and microbial replacement
using fecal microbiota transplantation (FMT) or
biotherapeutics.
Treatment of C diff infections by rejigging the intestinal microbiota using
FMT is an approach that is definitely gaining traction. Several oral formulations are commercially available. Earlier this year, however, 2 individuals

receiving FMT died from multidrug-resistant organisms that originated
from the FMT donors. In the aftermath of these deaths, as of July 15, the
FDA will require screening of donors for multidrug-resistant organisms.
Another tact is to prevent the infections from taking hold. Biotherapeutics
have a place here, as do vaccines, probiotics, and neutralization of antibiotics in the gut to prevent alteration of the microbiome. The jury is
still out on the value of probiotics. There are indications that probiotics
could impede recovery of the microbiota rather than promote recovery.
Nontuberculosis mycobacteria are another challenging target. New drugs
are being explored and others are being repurposed, according to Charles
Daley, MD, with the National Jewish Hospital in Denver, Colorado. Emerging
therapies that need to be assessed in more detail include host-directed
therapies in the form of inhaled nitric oxide and granulocyte-macrophage
colony stimulating factor and the use of bacteriophages.
The new drugs on the scene include bedaquiline (Sirturo), delamanid,
cyclines (tigecycline, omadacycline, and eravacycline), and SPR719. Rejigged
drugs include an inhaled preparation of amikacin enclosed in liposomes,
orally administered soft gels containing clofazimine, linezolid/tedizolid
(although linezolid-related adverse events are an issue), beta-lactams (alone
or other with inhaled compounds), and rifamycins.
“There is only 1 FDA-approved drug for the treatment of
pulmonary Mycobacterium avian complex infections: amikacin liposome inhaled suspension. New and repurposed
drugs show improved activity compared with some of our
currently used drugs. We lack clinical trials to inform us
how to use the drugs in combination regimens, although
trials are planned,” Daley said.
The symposium, Pipeline Drugs to Treat Gram-positive,
C difficile, and Non-TB Mycobacterial Infections, was held June 22,
2019, at ASM Microbe 2019 in San Francisco, California. 

The focus of drug
development for
Clostridioides difficile is
shifting to prevention.
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BY ALEXANDRA WARD, MA

T

he task of infection prevention and
control begins even before a hospital
admission in the case of emergency
transport. During that time, it is the responsibility of emergency medical services (EMS)
personnel to ensure hygienic and safe
patient care.
Investigators with the Los Angeles
Department of Public Health sought to
assess EMS infection control policies and
practices between 2016 and 2017. The team
presented their results in an oral abstract
session at the Association for Professionals
in Infection Control and Epidemiology’s
(APIC) Annual Conference 2019.
To assess practices and policies,
Department of Public Health and Emergency
Medical Services Agency nurses performed
ride-alongs in Los Angeles in 2 ambulances
per 14 providers included in the study. Of
the 14 providers, 11 had a designated infection control officer, 13 had written infection
control policies, 12 reviewed and updated
the policies annually, 12 had written policies
for cleaning/disinfection, and all required
infection control training for new staff.
However, only 59% assessed skills after
the training, and only 31% audited across
4 infection control topics. Twelve of the
14 providers required staff to receive an
influenza vaccination, but the median vaccination rate was only 55% (range, 1%-99%).
The study found that EMS practiced hand
hygiene before patient contact in just 7%
of assessments but wore gloves in 100%
of observed interactions. They also practiced hand hygiene after glove use in 79% of
cases assessed.
Also, high-touch surfaces in ambulances
were cleaned after each patient encounter
79% of the time and disinfectants and
cleaners were replaced after each patient
encounter 89% of the time.
“EMS providers are an important part of
the health care system, as they transport
patients in and out of hospitals and other
health care facilities,” the investigators wrote.
“Overall, findings were encouraging, but
ensuring up-to-date policies for all areas of
infection control, monitoring competencies,
and observing practices to assess adherence
may improve infection control,” the research
team concluded.
The study, The State of Infection Control
Among Los Angeles County (LAC) Emergency
Medical Services (EMS) Providers, was
presented on June 12, 2019, at APIC 2019 in
Philadelphia, Pennsylvania. 
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Building A Better Dynamic
Between Infection Prevention and
Sterile Processing
BY SASKIA V. POPESCU

W

hen discussing the range of topics
that are covered in infection prevention and control (IPC) efforts, many
overlook or forget the role of sterile processing.
The sterile processing department (SPD) and IPC
are intrinsically married, and the stability of this
relationship is critical. What exactly goes into an
SPD? This is one of the more complex environments within a health care setting.
To understand sterile processing, let’s first
discuss the Spaulding approach to disinfection
and sterilization. This approach, designed to
manage the cleanliness and microbial burden
of patient care items and medical equipment,
categorized items as critical (high risk for infection if contaminated, as they contact sterile
tissue or enter the vascular system), semi-critical
(contact mucous membranes or nonintact skin),
or noncritical (contact with intact skin but not
mucous membranes).
These classifications help us to understand
the level of sterilization or disinfection that is
necessary to avoid spreading infectious microorganisms in patients. The SPD is critical to
patient safety and IPC efforts. There are a range
of products, processes, and practices to ensure
the department’s efforts are successful. Many
infection preventionists have seen failures by the
SPD, especially in moving between the decontamination and sterile side of things. Strong leadership in the SPD and a solid working relationship
with IPC can make or break a hospital and their
patient safety.
This very dynamic was a hot topic at the
Association for Professionals in Infection Control
and Epidemiology’s (APIC) Annual Conference
2019. In research presented there, a team of
investigators from Cedars-Sinai Medical Center
sought to address the collaboration between
IPC and the SPD and how a strong foundation
can improve patient safety. Although infection
preventionists are tasked with collaborating and
working with the SPD, there is often a gap in
knowledge or training as to the inner workings
of this complex environment. The study team
began by creating a quality improvement project
that first addressed infection prevention knowledge of SPD processes and practices and then
its compliance with infection prevention metrics.
First they assessed the baseline knowledge of the
infection preventionists through an audit tool
and then had the team attend SPD meetings,
perform observational SPD audits, review webinars, etc. Auditing the SPD processes served to

not only strengthen the infection preventionists’
knowledge of these processes, but also helped
SPD leadership identify gaps and feel supported
by the IPC program.
Over several years, the investigators found that
the average audit score improved. In the first
year, there was a statistically significant jump
from 67% to 84%. Since 2016, the scores have
remained consistent and SPD employee knowledge of cleaning techniques improved from 59%
to 90%. The investigators found a statistically
significant increase in SPD audit scores and a
reduction in bioburden events from the yearly
average of 3.29 per 1000 procedures to 1.15 events
per 1000 procedures over 3 years.
With these results, we can see an important
trend—improving IPC knowledge of SPD is not
only beneficial to the IPC program, but also
that of SPD. Establishing an effective audit tool
helped shine a light on the existing knowledge
of the infection preventionists, but also allowed
for better IPC oversight of the SPD and a more
effective department overall. These 2 programs
are critical to each other, but often their understanding of each other program is superficial or
lacking. Improving IPC knowledge of SPD practices, and vice versa, serves to strengthen efforts
while bolstering patient safety.
The poster, A Tale of Two Departments: How
Collaboration Between Infection Prevention and
Sterile Processing Departments Can Improve
Patient Safety, was presented in an oral abstract
session on June 14, 2019, at APIC 2019 in
Philadelphia, Pennsylvania. 
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5TH ANNUAL BIODEFENSE WORLD SUMMIT

Important Biodefense Tools for the Next Pandemic
BY SASKIA V. POPESCU

H

ow will we tackle the next epidemic? In the face of measles
reemerging in the United States, Ebola spreading from the
Democratic Republic of the Congo into Uganda, and the rampant
rise of antimicrobial resistance, using all the tools in our arsenal is
critical. Epidemics challenge us in new ways; through identification,
isolation, and communication, we have a better chance to mitigate the
spread. Epidemics are both our history and our future, and we must
prepare for them. This was one of the many discussions held during the
5th Annual Biodefense World Summit.
One of the hardest aspects of biodefense is integrating new technology to truly make a difference. Every day, there are advancements
in tech; yet, it can be challenging to truly discern how these new tools
can help global health security and prevent the next epidemic. In a
biodefense presentation that called on the use of data technology and
forecasting to help tackle the next epidemic, Dylan George, PhD, vice
president of technical staff at In-Q-Tel and associate director of BNext,
discussed integrating novel and available data technologies into public
health processes to help guide interventions, establish more efficient
response practices, and improve situational awareness.
According to George, to be effective, we need to initiate interventions
as early as possible within the ecosystem and human cases, prior to large
outbreaks, epidemics, and pandemics. He noted that “outbreaks are inevitable, epidemics are options.” You might be wondering, “What’s the holdup
to build a more robust biodefense in the United States?” From a lack
of markets to translate science to limited manufacturing and access to
start-up innovation for the government, the truth is that US biodefense
is in a panic–neglect cycle.
This is where data analytics come in, according to George. Although
needs change across epidemics (risk assessment tools, disease risk

mapping, etc), the use of disease forecasting is truly critical for epidemic
management. Realistically, if we use it for forecasting hurricanes, why
wouldn’t we use it for infectious diseases? Forecasting capabilities can
help build both policy and response within even the private sector.
Consider influenza forecasting. We use this within hospitals to help
determine how much personal protective equipment, vaccine, and staffing
we should prepare for.
George said the forecasting we’re using still needs a lot of work.
To make it a more suitable tool for outbreak decision making, there
need to be more resources for data cleaning, visualization of results,
and advanced analytics—all of which take time. Here’s the tricky part:
There’s an estimate 140,000 to 190,000 person shortage of analytical
talent in the United States to help break through the barriers of big
data. Consider even the visualization and risk communication efforts
that are needed to help improve communication of epidemics and disease
threats. Although the US Centers for Disease Control and Prevention
prototypes like Viziflu help to improve communication of flu forecasts,
there is a desperate need to spread the knowledge of forecasting in a
manner that can be beneficial.
As George emphasized, forecasting results will become increasingly
common in outbreak preparedness and response, but we also need to
invest in data cleaning, advanced analytics, and visualizations to truly help
mitigate the next epidemic or pandemic. It is critical that public health,
biodefense, health care, and data analytics work together to help strengthen
the application of forecasting and data technology in preventing the next
epidemic—or at least giving us enough time to prepare.
The presentation, Tackling the Next Epidemic: Data Technology
to the Rescue, was held on June 18, 2019, at Biodefense 2019 in
Bethesda, Maryland. 

How Homeland Security Is Improving Biodefense
BY CONTAGION ® EDITORIAL STAFF

B

iodefense efforts encompass a spectrum of
topics, industries, and efforts. From vaccine
development to public health surveillance
and research, there are a handful of avenues to
focus on in the world of biodefense and global
health security. One of the major players in building US biodefense capacity and capabilities is the
Department of Homeland Security’s (DHS) Science
and Technology program.
At the 5th Annual Biodefense World Summit,
Luther Lindler, PhD, chief scientist and advisor
of Chemical & Biological Defense at DHS,
discussed the work that the DHS has been doing
to help beef up US biodefense efforts. Within
the DHS Science & Technology program, there
are 5 major mission areas: prevent terrorism
and enhance security, secure and manage our
borders, enforce and administer our immigration laws; safeguard and secure cyberspace,
and ensure resilience to disasters. Imagine
trying to prevent microbial contamination or
security threats from the Port of Los Angeles,
which encompasses 7500 acres, with 30,000
containers arriving per day and $285 billion in
cargo per year.

In terms of biodefense, DHS focuses on the
threat space that includes deliberate uses of
biological weapons, accidents/negligence, or
natural disease outbreaks. From package and
cargo screening in the face of the opioid epidemic
to responding to infectious disease threats like
Ebola, DHS works to help identify operational
gaps and coordinate efforts. During the 2014
Ebola outbreak, for example, DHS collaborated
to establish enhanced travel screening from 3 of
the affected countries, resulting in evaluation of
94% of travelers from those areas.
Lindler discussed the process of screening
travelers during Ebola outbreaks, which involved
primary screening by Customs and Border Patrol
staff, then a secondary screening involving temperature measurement and potential referral
to the US Centers for Disease Control and Prevention personnel for tertiary screening. The DHS
S&T program has also done research on viability
decay rates in dried human blood contaminated
with Ebola virus and the efficacy of disinfectants
in dried blood.
During the presentation, Lindler also discussed
the sensor development DHS has been working

on, which plays a vital role in biodetection.
Biosensors can be used by first responders in
subway stations, government buildings, and
airports to help guide early response and fuel a
more rapid biodefense within the United States.
The biosensors are developed not only to be
reliable, small, and low cost, but also to be able
to simultaneously detect multiple agents within
hours. Biosensors and biodetection efforts are
utilized with both indoor and outdoor venues,
allowing for local monitoring, which feeds into
emergency responders.
Once response efforts are dispatched, first
responders can utilize the necessary personal
protective equipment and other appropriate
equipment to ensure they are protected and can
avoid unnecessary exposures.
Overall, Lindler’s talk provided helpful insight
on the range of efforts DHS has been involved in
regarding biodefense. From biosensors to travel
screening, the agency is continuously making
strides to defend against biological threats.
The presentation, Biodefense to Support the
Homeland Security Enterprise, was held on June 19,
2019, at Biodefense 2019 in Bethesda, Maryland. 
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Quick recognition is key to early initiation of treatment and long-term survival.
BY JULIA SCHIFF, MD, MPH; GREGORY MASLAK, MD; NABIL ZEINEDDINE, MD; AND JACLYN ROSENZWEIG, MD

FINAL DIAGNOSIS
Nocardia farcinica brain abscess
HISTORY OF PRESENT ILLNESS
An 86-year old Caucasian female with a past medical history
of gastroesophageal reflux disease (GERD) and recently treated
Lyme disease was sent to the emergency department (ED)
by her primary care physician for an acute presentation
of partial-expressive aphasia, decreased grip strength, and
diminished proprioception on the right side of her body that
began 2 days earlier. Prior to the onset of symptoms, she
was in a normal state of health and had been participating
in regular activities, including yoga, without difficulty. She
initially presented to an outside hospital ED with these acute
neurologic changes. While she was being transferred to the
accepting hospital, she suffered a seizure and was admitted
to the neuro-intensive care unit for possible stroke evaluation. She was intubated and underwent initial brain imaging
that revealed a left-sided frontal brain mass with vasogenic
edema (Figure 1, see additional Figures A-E online). She was
started on prophylactic antiepileptics and steroids, and the
neurosurgical team was consulted.
PAST MEDICAL HISTORY
Lyme disease was diagnosed 2 months prior to admission. At
that time, the patient presented with diffuse myalgias that
improved after treatment with a 28-day course of doxycycline. Titers at the time showed reactivity to more than 5 IgG
borrelial proteins. She had a remote history of treated malaria
and medical history of GERD and right foot surgery.
KEY MEDICATIONS
The patient was on no medications at the time of admission.
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EPIDEMIOLOGICAL HISTORY
The patient has an extensive travel history. She has spent
significant time in South America and lived over 20 years
in Swaziland, Africa, with her late husband doing medical
missionary work. She has no recent travel aside from spending
time in Lancaster, Pennsylvania. She has no pets and lives
with her 2 daughters.
PHYSICAL EXAM
On admission, the patient’s vital signs were within normal limits.
She was alert and oriented. On neurological exam, she was found
to have decreased speech fluency with paraphasic error as well
as subtle compressive errors. She also had mildly decreased righthanded grip strength. Her reflexes were brisk, with an equivocal
right plantar response. She was also found to have decreased
joint position in her right toe and extinction to the right side.
STUDIES
Laboratory studies were unremarkable. An MRI with and
without contrast revealed a left-sided frontal brain mass
measuring 2.5 x 2.3 x 1.5 cm with vasogenic edema. Complete
CT chest, abdomen, and pelvis studies to rule out potential
metastatic disease were negative.
CLINICAL COURSE
The patient underwent a left-sided frontal craniotomy with
excision of the brain lesion. After surgery, her aphasia and
right-sided grip strength greatly improved. She was discharged
to rehab several days later awaiting biopsy results. Cultures
were not sent at the time of biopsy; however, pathology from
the lesion revealed gram-positive filamentous rods. A week
later, the patient returned to the hospital with a fever of 101°F
(38.3°C), white blood cell count of 21.4, diffuse weakness, and
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Figure 1. Coronal contrast-enhanced T1-weighted MR image
shows 2.5 x 2.3 x 1.5-cm solid enhancing mass with central
nonenhancement in the left parietal lobe.

worsening aphasia. Repeat imagining noted fluidfilled cavity with a small amount of gas (see
figures 1A-E online). She was taken by neurosurgery to the operating room (OR).
DIAGNOSTIC PROCEDURES AND RESULTS
In the OR, a purulent brain abscess was drained.
The patient was started empirically on imipenem
and intravenous (IV) trimethoprim-sulfamethoxazole (TMP-SMX), given the previous pathology
note showing gram-positive filamentous rods,
and additional cultures were obtained. The
abscess wound cultures finalized as N farcinica.
TREATMENT AND FOLLOW-UP
Antibiotics were continued through a peripherally inserted central catheter (PICC) line.
Her hospital course was complicated by hyponatremia, for which the D5W volume in the
TMP-SMX was restricted to 150 mL. The patient
was eventually discharged to rehab with near
complete resolution of aphasia. She presented
to the hospital a few days later with increased
weakness, decreased appetite, and worsening
aphasia. Repeat imaging at the time showed
decreased size of the brain lesion and a resolution of the previously noted left-to-right brain
shift. Nocardia susceptibility testing took place at
that time, and due to resistance, the imipenem
was switched to linezolid (Table).
The patient was initially started on empiric
imipenem and TMP-SMX and then switched to
linezolid and TMP-SMX following susceptibility
results. She had several readmissions for recurrence of symptoms and for PICC line malfunction. Throughout the course of treatment,
she experienced hyponatremia, hyperkalemia,
vague depressive features, acute kidney injury,
and adrenal insufficiency. Linezolid was later
discontinued due to thrombocytopenia, and IV
TMP-SMX was transitioned to oral, with a plan
to continue for 12 months.

DISCUSSION
Nocardiosis is caused by gram-positive, partially
acid-fast, branching bacilli.1 There are several
Nocardia species, with N asteroides and Nippostrongylus brasiliensis most commonly causing
pathology in humans. N asteroides is responsible
for the majority of infections. Other Nocardia
species are implicated in the remaining 9% to 19%
of cases.2 N farcinica is one of the more rare causes
of nocardiosis.3 Its prevalence varies geographically
but is somewhat hard to classify given underreporting.4 Additionally, N farcinica is more virulent,
more likely to disseminate, and more resistant to
antibiotics, making mortality rates high.3,4 In this
case, we report on cerebral nocardiosis in a female
immunocompetent elderly patient.
Infection with Nocardia occurs through direct
contact with soil, causing cutaneous nocardiosis,
or through inhalation of the bacterium, causing
pulmonary infection.1 It is found throughout the
world and has a male to female ratio of 3:1.5
There are 500 to 1000 new cases of Nocardia
infection each year in the United States.5 Patients
typically present with primary pulmonary manifestations, including cough, chest pain, shortness
of breath, and weakness. Those at higher risk
for infection include individuals with primary
underlying pulmonary disease and individuals
who are immunocompromised (ie, malignancy,
transplant recipients, HIV co-infection, glucocorticoid usage). Disseminated infection occurs
locally or hematogenously.1 The skin and brain
are the most common sites of extrapulmonary
disease.5 Untreated Nocardia infection can spread
to the central nervous system (CNS), with a subsequent mortality rate of 44% to 55%.5,6 A solitary
CNS abscess accounts for the most common CNS
presentation, and Nocardia accounts for 1% to
2% of all brain abscesses.7 Abscess formation
typically occurs through hematogenous spread,
trauma, neurosurgical instrumentation, or sinus
infection.8 The mortality for Nocardia brain
abscess is 3 times higher than for other bacterial causes of brain abscess.6 Given the relative
rarity of Nocardia causing a brain abscess, it is
not highly suspect, and lack of coverage with

Drug

Result

Amikacin

Susceptible

Ceftriaxone

Resistant

Cefepime

Resistant

Ciprofloxacin

Resistant

empiric antibiotics may delay treatment and
worsen outcomes.
Because of the range of potential pathogens,
treatment for brain abscesses covers broad-spectrum pathogens. Treatment in immunocompromised patients should be extended to include
voriconazole and TMP-SMX to cover fungi, yeasts,
and toxoplasmosis.8 Antimicrobials used in the
treatment of nocardiosis include combinations
of imipenem, moxifloxacin, amikacin, linezolid,
minocycline, ciprofloxacin, and TMP-SMX.3
TMP-SMX is the most common antimicrobial used
for Nocardia infection, and treatment usually lasts
6 to 12 months. Treatment of N farcinica provides
additional challenges as it can be more aggressive,
especially in immunocompromised people, and is
known to be more resistant to antimicrobials.3,9
Surgical excision and drainage for abscesses
greater than 2.5 cm are recommended.10 Steroid
usage is controversial because although it may
help decrease edema around the mass and neurological sequelae, it may also worsen healing and
infection resolution.10 The treatment of choice for
brain abscesses is surgical drainage followed by
an extended course of antimicrobials.
Although CNS involvement is a relatively
common presentation of nocardiosis, particularly in
immunocompromised hosts, primary CNS infection
in immunocompetent individuals is less common
and may resemble primary neurologic pathology,
including brain malignancy.11 As immune response
decreases with age, this patient’s advanced age—
despite her excellent health—likely made her more
susceptible to disseminated infection. There have
been case reports that have demonstrated the
unique presentation of primary CNS Nocardia infection in immunocompetent patients.9 In a survey of
reported cases of nocardiosis, up to 15% of documented cases were found in immunocompetent
individuals.2 Examples have highlighted Nocardia
brain abscesses presenting as presumptive CNS
malignancy, stroke, and seizure.12,13 Although the
prognosis for brain abscesses has improved over
time, longtime neurologic sequelae, including focal
deficits and seizure, are found in 20% to 79% of
survivors.10 Factors that worsen prognosis include
extremes of age, multiple lesions, deep lesions,
fungal etiology, and how quickly diagnosis occurs
and antimicrobials are started.10
Although Nocardia should be considered in
patients with predisposing features and immunocompromised states who present with a brain
lesion, its quick recognition in both immunocompromised and immunocompetent hosts is key to early
initiation of treatment and long-term survival. 

Imipenem

Resistant

References and figures available at ContagionLive.com.

Linezolid

Susceptible

Moxifloxacin

Susceptible

Tobramycin

Resistant

Trimethoprim-Sulfamethoxazole

Susceptible

Doxycycline

Resistant

Table. Antibiotic Susceptibility Results From Nocardia
farcinica/Cyriacigeorgica/Otitidis-Caviarum Group
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