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ABSTRACT & COMMENTARY

Adding Azithromycin to Standard 
Prophylaxis in Non-Elective Cesarean 
Sections?
By Philip R. Fischer, MD, DTM&H

Professor of Pediatrics, Department of Pediatric and Adolescent Medicine, Mayo Clinic, Rochester, MN
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SYNOPSIS: Adding intravenous azithromycin to “routine” cephalosporin prophylaxis prior to non-elective cesarean section delivery 
significantly reduces the risk of postpartum endometritis and wound infection.

SOURCE: Tita AT, Szychowski JM, Boggess K, et al. Adjunctive azithromycin prophylaxis for cesarean delivery. N Engl J Med 
2016;375:1231-1241.

Despite a widespread practice of giving 
cephalosporin treatment to women 
undergoing urgent cesarean section 

delivery, postpartum infections still occur. It has 
been postulated that Ureaplasma species might be 
responsible for some of the infections. A total of 
1,019 women at 14 U.S. centers were randomized 
to receive pre-delivery azithromycin or placebo, 
each in addition to standard prophylaxis — mostly 
cefazolin. Maternal and neonatal outcomes were 
observed.  

Deliveries were by either non-elective cesarean 
section or by planned elective cesarean section when 
the membranes had already been ruptured. Eleven 
percent of deliveries were preterm, and the authors 
did not stratify outcomes based on whether or not 
the delivery was preterm. Azithromycin was dosed 
as 500 mg intravenously prior to skin incision in 
88% of subjects and immediately after skin incision 
in the others. 

Interestingly, despite good randomization 
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procedures, smoking was more common 
in the placebo group (12.3%) than in the 
azithromycin group (9.5%). 

Endometritis was more common in the 
placebo (6.1%) than in the azithromycin 
(3.8%) group (P = 0.02). Postoperative 
wound infection also was more common 
in women who received placebo (6.6%) 
than in those who received azithromycin 
(2.4%, P < 0.001). Infection-related 
clinic visits and readmissions were more 
common in placebo-treated women. 
Statistically, treating 17 women would 
have prevented at least one case of 
endometritis or wound infection.

Outcomes were determined during the 
postpartum admission, at the six-week 
postpartum visit, and via telephone 
three months after delivery. Neonatal 
“complications” included “suspected 
sepsis” in 12% of newborns and 
respiratory distress syndrome in 4%. 
Neonatal outcomes did not differ between 
the placebo and azithromycin groups.  

  COMMENTARY
Approximately 32% of births in the 
United States are via cesarean delivery,1 
and, as noted by Tita and colleagues, 
approximately two-thirds of operative 
deliveries are not done as planned elective 
procedures. It is a vitally important and a 
potentially practice-changing finding that 
pre-delivery azithromycin administration 
could halve the rates of endometritis and 
postoperative wound infection. Of course, 
effectiveness in this population of women 
with urgent cesarean section (with 11% 
of them being preterm at the time of 
operative delivery) does not necessarily 
imply that azithromycin would be as 
effective in women with neither ruptured 
membranes nor urgent problems during 
labor. What about the risk of infantile 
pyloric stenosis with macrolide use? 

Idiopathic hypertrophic pyloric stenosis 
occurs in approximately 1-2 of each 1,000 
births.2,3 This risk of pyloric stenosis is 
much greater in infants who receive a 
macrolide during the first two weeks of 
life. Macrolide use between two and six 
weeks of age also is associated with a risk 
of pyloric stenosis, although less so.2-4

Tita and colleagues found that treating 17 
women with azithromycin would prevent 
significant postpartum complications in 
one woman. With reasonable medical 
care, endometritis, postpartum wound 
infection, and pyloric stenosis are only 
very rarely life-threatening. Even if pyloric 
stenosis rates increased dramatically 
(from 1-2 per 1,000) due to maternal 
use of azithromycin, pyloric stenosis still 
would be very much more rare than the 
prevented maternal infections.

What about the development of the infant 
microbiome?

The use of intrapartum antibiotics, 
whether with cesarean section or 
vaginal delivery, is associated with 
variations in the subsequent infant 
intestinal microbiome.5 These changes in 
microbiome can persist up to 1 year of 
age.5 However, the implications of these 
alterations in infant microbiome have not 
yet been elucidated.

Thus, Tita and colleagues have provided an 
excellent randomized, blinded, multicenter 
large study showing that peripartum 
intravenous azithromycin is associated 
with a significant reduction in common 
postpartum maternal complications. 
Even pending further studies, it would 
be reasonable to include azithromycin in 
the pre-incision prophylaxis provided to 
women undergoing non-elective cesarean 
section.  
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ABSTRACT & COMMENTARY

Reported Beta-lactam Allergy Is Associated 
with More Adverse Events Among Inpatients
By Richard R. Watkins, MD, MS, FACP, FIDSA
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SYNOPSIS: A prospective cohort study from three hospitals determined that patients who did not receive a preferred beta-lactam 
antibiotic were at greater risk for an adverse event (adjusted odds ratio, 3.1; 95% confidence interval, 1.28-7.89) compared to controls 
without a beta-lactam allergy.

SOURCE: MacFadden DR, LaDelfa A, Leen J, et al. Impact of reported beta-lactam allergy on inpatient outcomes: A multicenter 
prospective cohort study. Clin Infect Dis 2016;63:904-910.

Many hospitalized patients report a beta-lactam 
allergy or have one documented in their medical 

record. This piece of history is important because 
it frequently prevents the use of a very safe and 
effective class of antibiotics. Indeed, beta-lactams 
are the “work horses” of contemporary antibiotic 
therapy. MacFadden and colleagues investigated the 
association between beta-lactam allergy labeling and 
outcomes in hospitalized patients.

The setting for the study was three hospitals in 
Toronto, Canada, and the population included 
all inpatients seen by the infectious disease (ID) 
consultation service between April 2014 and January 
2015 on the days that the ID subspecialty residents 
were present. As part of a quality-improvement 
project, the investigators prospectively assessed 
beta-lactam allergy by collecting data on the type 
of previous allergic reaction such as IgE-mediated, 
bronchospasm, rash, anaphylaxis, Stevens-Johnson 
syndrome, toxic epidermal necrosis (TEN), drug 
rash eosinophilia and systemic symptoms (DRESS), 
angioedema, serum sickness, and “other.” Also, 
they collected patient demographic data (age, sex, 
pregnancy, and immunocompromised status), 
referring service, duration of antibiotic therapy, 
Charlson comorbidity index, and information on 
antibiotic therapy, including the preferred antibiotic 
and what antibiotic was chosen initially. Outcome 
data were recorded later in a second data collection 
step. The primary outcome measured was the 
occurrence of any treatment-related adverse event, 
defined as acute kidney injury while on antibiotics, 
Clostridium difficile infection (CDI) within three 
months of treatment, suspected drug-related adverse 
event that required discontinuation, or readmission 
due to the same infection.

Of the 507 patients who received antibiotic therapy 
during the study period, 95 (19%) reported a beta-
lactam allergy. In the group that reported a beta-
lactam allergy and a beta-lactam was considered 
optimal therapy, 47 (65%) received a beta-lactam, 
while 25 (35%) received a non-beta-lactam drug. 
There was an increased likelihood of an adverse 
event for the patients who did not receive preferred 
beta-lactam therapy (adjusted odds ratio [OR], 
3.18; 95% confidence interval [CI], 1.28-7.89). 
The adverse events were mostly due to increased 
rates of readmission and adverse drug reactions, 
although there were no significant differences in 
mortality between the beta-lactam-allergic and 
non-allergic patients. Moreover, there were no 
significant differences in outcomes between those 
patients who reported a beta-lactam allergy yet were 
given a beta-lactam, compared to patients who did 
not report a beta-lactam allergy. Further analysis to 
adjust for possible confounding due to a diagnosis of 
bacteremia from an unknown primary source did not 
result in any significant changes to the findings.

  COMMENTARY
This study is noteworthy because it showed that 
patients with a reported beta-lactam allergy who 
did not receive preferred beta-lactam therapy had 
three times the chance of an adverse event compared 
to those without a reported allergy. According to 
the Centers for Disease Control and Prevention, 
10% of the population reports a penicillin allergy, 
but < 1% of the whole population is truly allergic.1 
Furthermore, approximately 80% of patients with 
IgE-mediated penicillin allergy lose their sensitivity 
after 10 years. The findings reported by MacFadden 
and colleagues support the notion that beta-lactam 
antibiotics might be appropriate in select patients 
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who report beta-lactam allergies, such as those with 
non-severe allergy histories. Also, increasing beta-
lactam usage in these patients may lead to more cures 
and fewer adverse events.

One way to objectively assess for beta-lactam allergy 
is by skin testing. A recent study in which ID fellows 
at the University of Maryland Medical Center 
performed penicillin skin testing (PST) showed that 
96% of patients tested negative, leading to changes 
in antibiotic therapy in 84% of cases.2 As these 
investigators mentioned, PST can help antibiotic 
stewardship efforts, reduce antibiotic costs (e.g., 
less aztreonam use), lead to better clinical outcomes 
(e.g., using ampicillin instead of vancomycin for 
enterococcal endocarditis), and is a potential revenue 
source for ID practices. The study by MacFadden and 
colleagues, therefore, adds to the growing body of 
evidence that PST can be used to potentially improve 
patient outcomes.

There were a few limitations that may have affected 
the study results. To generate sufficient power, a 

composite endpoint was used, making it challenging 
to analyze for individual outcomes. Also, the small 
sample size may have influenced the incidence of 
CDI. This is because no increased risk was reported 
for the beta-lactam-allergic patients, despite receiving 
alternative antibiotics that are associated with a 
higher risk for developing CDI, such as clindamycin 
and fluoroquinolones. Despite these limitations, 
MacFadden and colleagues have provided robust 
data about the clinical consequences of reported 
beta-lactam allergies. Thus, when treating a patient 
with a beta-lactam allergy for whom a beta-lactam 
antibiotic would be the best option, clinicians should 
take a detailed history of the allergy and pursue PST 
if available.  
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Raccoon Roundworm Infection Associated 
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Disease
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SYNOPSIS: During a two-year period, six cases of neural Baylisascaris larva migrans and one case of ocular larva migrans were identified by 
case report forms and serologic testing submitted to the Centers for Disease Control and Prevention. All patients survived, but some were 
left with severe neurologic sequelae.

SOURCE: Sircar AD, Abanyie F, Blumberg D, et al. Raccoon roundworm infection associated with central nervous system disease and 
ocular disease — six states, 2013-2015. MMWR Morbid Mortal Wkly Rep 2016;65:930-933.

From May 2013 to December 2015, Baylisascaris 
serologic testing results from serum, cerebrospinal 

fluid (CSF) samples, or both submitted to the Centers 
for Disease Control and Prevention (CDC) along 
with case report forms were reviewed. Serologic 
testing done at CDC relied on a recombinant antigen 
rBpRAG1 immunoblot assay. Six cases of neural 
larva migrans and one case of ocular larva migrans 
were identified. All of these cases had positive results 
by rBpRAG1 and had negative serologic tests for 
Toxocara spp.  

All seven of the cases had either documented or 
likely exposure to raccoons or raccoon excrement. 
Four patients were children (10 months, 15 months, 
3 years, and 7 years of age). One patient was a 
31-year-old with developmental delay who owned a 
pet raccoon. A 63-year-old contractor was reported 
retrospectively by his family to generally eat without 
washing his hands. A 32-year-old woman had 
no direct exposure but often hiked in rural areas 
frequented by raccoons.  
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All of the patients with neural larva migrans 
presented with eosinophilic meningitis with 
variable signs of encephalitis. One patient who 
underwent MRI had large enhancing brain lesions 
seen on imaging, which completely resolved with 
corticosteroid treatment without antihelminthic 
therapy. Most of the patients were treated with 
albendazole plus corticosteroids. All patients 
survived. Four patients had residual neurologic 
deficits, and two patients recovered fully.  

The patient with ocular larva migrans was a 7-year-
old boy from rural Minnesota who presented with 
worsening vision of his right eye. Ocular examination 
revealed a larva consistent with Baylisascaris 
procyonis. He was treated with albendazole, 
corticosteroids, and retinal photocoagulation laser 
therapy, and his vision recovered nearly completely.

  COMMENTARY
B. procyonis is a roundworm found throughout 
North America, and is especially common in 
the Northeast, Midwest, and West Coast of the 

United States. Infected raccoons are generally 
asymptomatic. B. procyonis eggs are passed in 
raccoon feces, and the eggs become infectious after 
some weeks to months in the environment. Humans 
become infected when they ingest eggs (generally 
contaminating soil where raccoons have defecated). 
Then migration of the larval form in humans can 
result in fatal neurologic disease if not diagnosed 
and treated promptly. It is likely an under-
diagnosed and under-reported disease. Children are 
disproportionately infected due to their tendency 
to place fecally contaminated objects or fingers in 
their mouths. Preventive measures would include 
such things as safely clearing “raccoon latrines,” 
washing hands after contact with soil, and vigilance 
with small children. The CDC report suggested 
“pre-emptive treatment” with albendazole following 
suspected exposure to raccoon feces. This did not 
seen very feasible to me; however, prompt empiric 
treatment with albendazole (plus corticosteroids) 
might be life-saving in the right clinical and 
epidemiological setting since serologic testing results 
might take many days to be available.  

SPECIAL FEATURE

HPV Vaccines: Why Are We Failing
to Vaccinate so Many of Our Adolescents?
By Molly A. Brewer, DVM, MD, MS

Professor and Chair, Department of Obstetrics and Gynecology, Division of Gynecologic Oncology,

University of Connecticut Health Center, Farmington
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Genital human papillomavirus (HPV) is the most 
common sexually transmitted infection in the 

United States and causes cervical, vaginal, some 
vulvar, anal, penile, and oropharyngeal cancers. 
The strongest association for the development of 
cancer is with the high-risk HPV (hrHPV) subtypes. 
Low-risk subtypes are associated with anogenital 
warts, with HPV 6 and 11 causing 90% of these 
warts. The link between HPV and cervical cancer 
was confirmed in the 1990s,1-5 when epidemiologic 
studies with advanced molecular detection 
techniques showed that there was a causative 
association between cervical cancer and hrHPV 
infections. Anywhere from 90-100% of paraffin-
embedded specimens of cervical cancer were positive 
for HPV. This was landmark breaking news, since 
this was the first cancer to be strongly associated 
with a viral infection.6-7

Cervical cancer remains a major public health 
problem. It is the fourth most common cancer 
affecting women worldwide, with 528,000 cases 
in 2012 and 266,000 deaths.8 It is most prevalent 
in Asia and Africa, and 85% of the cases occur in 
less developed countries where access to screening 
is minimal. The United States has a lower incidence 
of cervical cancer, with approximately 12,000 
cases and 4,100 deaths yearly. However, the cost 
of following abnormal Pap smears is enormous, 
and efforts have been made to decrease screening 
and increase vaccination rates. Given that this 
cancer is such a world health problem and the cost 
of screening is large and unreliable, HPV vaccines 
should substantially reduce the incidence and cost 
of both screening for and treating hrHPV-related 
diseases.

The first HPV vaccine was introduced in the United 
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States in 2006, and it contained HPV 6, 11, 16, and 
18 (Gardasil-4vHPV). Cervarix (2vHPV), which 
vaccinates against 16 and 18, was approved in 2009. 
Both vaccines were approved for males in 2009. 
Gardasil 9 (9vHPV), which vaccinates against HPV 
types 6, 11, 16, 18, 31, 33, 45, 52, and 58, was 
approved in 2014. In 2007, the CDC recommended 
that all females between the ages of 9-26 years be 
vaccinated against HPV. Realizing the major health 
benefit, in 2011, the CDC recommended that all 
males be vaccinated against HPV. In 2015, the CDC 
recommended that all women between the ages of 
11-26 be vaccinated with one of the three vaccines, 
and males between ages 11-21 years receive either 
the 4vHPV or the 9vHPV. Although the vaccine 
is approved starting at 9 years, the Advisory 
Committee on Immunization Practices recommends 
starting vaccinations at age 11.9 Despite these 
recommendations, the rates of vaccination remain 
relatively low compared to other countries. In 2016, 
the National Cancer Institute-designated cancer 
centers released a statement that according to a 2015 
CDC report, only 40% of girls and 21% of boys 
in the United States receive the recommended three 
doses of the HPV vaccine.10 In 2016, the American 
Society of Clinical Oncology published a statement 
on HPV vaccination for cancer prevention. It stated 
that “Despite the almost certainty that cancers caused 
by oncogenic HPV types would be dramatically 
reduced, the use of HPV vaccination is low (36% 
and 14% of girls and boys, respectively, age 11-13 
years have received all three doses)” in 2013.11 In 

2014, the vaccination rates had risen to 60% and 
41.7% among girls and boys, respectively. Medicaid 
patients were almost twice as likely to receive 
vaccines compared to private insurance.12 Although 
no studies have used cervical cancer as the endpoint 
of vaccine efficacy, there are substantial data showing 
that vaccination against HPV 16 and 18 offers 
protection for at least five years in HPV-naïve women 
against these HPV types.13 It is extrapolated that 
just vaccinating against 16 and 18 would reduce the 
incidence of cervical cancer by as much as 70% as 
well as reduce the incidence of oropharyngeal cancer, 
anal cancer, vaginal cancer, vulvar cancer, and penile 
cancer.11

Barriers to HPV vaccination are multiple. Lack of 

education of parents by healthcare professionals has 
been the major barrier to vaccination in the United 
States. Additional barriers include parental concern 
about sexual activity in their child, safety concerns, 
and lack of reimbursement. Given that HPV is not a 
life-threatening condition, there is a long lag-period 
for manifestation of infections, and the progression 
to cancer is low even with HPV 16 and 18 infections. 
Parents have not been adequately educated about the 
benefits of vaccine.

One study showed that pediatricians discussing 
vaccination with parents often left discussion of the 
HPV vaccine last, so parents had the perception that 
it was less important.14 Another study showed that 
pediatricians believed that having to discuss HPV 
vaccines was burdensome, that they did not have 
adequate time to discuss the vaccine, and that parents 
were less supportive of these vaccines. The study 
showed that a majority of physicians (59%) used a 
risk-based approach to recommending HPV vaccine, 
and about half (49%) usually did not recommend 
same-day vaccination. A substantial minority also 
reported weaker recommendation practices in 
the areas of timeliness for males.15-17 Many other 
countries have used school-based programs that 
have resulted in much larger rates of vaccination, 
such as Australia, which provided a nationally 
financed program; Rwanda, where free vaccines were 
provided; and the United Kingdom, where school-
based vaccination programs were instituted.10 These 
countries have 75-90% vaccination rates compared 
to the much poorer rates in the United States. The 
ideal age to vaccinate is before the age of sexual 
activity so they are HPV naïve. Better immunity 
occurs in the younger age groups, which may be due 
partially to lack of exposure to HPV and partially to 
improved immunity prior to the age of 15 years.

A 2016 study by Paskett et al investigated methods 
to increase vaccination rates among adolescent 
girls.18 The researchers studied groups in Appalachia, 
OH, which is an area associated with poor vaccine 
rates and negative attitudes toward the HPV 
vaccine among parents. This area is considered to 
be underserved and to have a lower socioeconomic 
status than other parts of the Midwest. The 
researchers hypothesized that they could improve 
vaccine rates by engaging clinics and providers in 
this effort. Despite extensive educational efforts 
on multiple occasions for parents and providers, 
only 17% received vaccination compared to 9% 
in the comparison group, showing the challenge 
of improving the vaccine rate among adolescents. 
Although this was an improvement, it was not close 
to what other countries have achieved.

[Parents have not been adequately 

educated about the benefits of the 

HPV vaccine.]
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A recent study showed that despite poor vaccine 
rates, there has been a substantial reduction in the 
rate of HPV infections in the United States, with 
11.5-4.3% reduction in the 4vHPV women ages 
14-19 years and 18.5-12.1% decrease in women ages 
20-24 years. Despite the relatively low vaccination 
rate, there has been a substantial reduction in the 
hrHPV infections.19 In addition, the 9vHPV vaccine, 
which is more expensive than the 4vHPV and 
2vHPV vaccines, was cost effective when modeled 
nationally.19 They estimated that using 2vHPV and 
4vHPV would reduce the cervical cancer incidence 
by 63% and death rate by 43%. Switching to the 
9vHPV is hypothesized to reduce the incidence by 
73% and the death rate by 49%. Vaccinating 11% 
more of the population with the 2vHPV or 4vHPV 
would cost $2.7 billion more than increasing this 
coverage with the 9vHPV vaccine.

  COMMENTARY
The ability to prevent cancer is truly a new 
phenomenon. In the 1980s and 1990s, there was 
substantial work to link HPV to cervical cancer and 
precancer, and in the 2000s, there was substantial 
work that linked high-risk HPV, particularly 16 and 
18, to the highest risk of cancer. There are now three 
vaccines that provide excellent protection against 
both 16 and 18 as well as 9vHPV, which is estimated 
to reduce the incidence of cervical cancer with a 
lower cost than the first two vaccines developed.

Why are all young people between the ages of 9 and 
15 years not being vaccinated? The most common 
reason is physicians are not giving parents adequate 
information about the importance of the vaccine and 
the long-term reduction in morbidity. Pediatricians 
are the most common physicians to care for these 
young people, and they often are overburdened with 
sick patients and long hours. Putting this vaccine 
program into schools has been the most successful 
type of program worldwide, yet there was large 
pushback from parents in states that tried to mandate 
the vaccine. We need to better educate parents that 
preventing the diseases associated with hrHPV 
will keep their children healthier into adulthood. 
As a nation, we are afraid of discussing a sexually 
transmitted disease with our adolescents. It’s time 
to work harder educating about this preventable 
disease.   
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ABSTRACT & COMMENTARY

Warning: Reactivation of Hepatitis B Virus 
Coinfection During Treatment of Chronic 
Hepatitis C Virus Infection
By Stan Deresinski, MD, FACP, FIDSA

Clinical Professor of Medicine, Stanford University

Dr. Deresinski reports no financial relationships relevant to this field of study.

SYNOPSIS: Prior to initiation of hepatitis C virus treatment with direct-acting antivirals, patients should be screened for hepatitis B virus 
coinfection. Those who are hepatitis B virus-infected should receive ongoing monitoring for flares and reactivation of hepatitis B.

SOURCE: FDA Drug Safety Communication: FDA warns about the risk of hepatitis B reactivating in some patients treated with direct-
acting antivirals for hepatitis C. Available at: http://www.fda.gov/downloads/Drugs/DrugSafety/UCM523499.pdf. Accessed Oct. 17, 2016.

The FDA identified a total of 24 cases of 
confirmed reactivation of hepatitis B virus (HBV) 

coinfection during treatment of hepatitis C virus 
(HCV) infection with direct-acting antivirals (DAA). 
The patients’ HCV genotypes were heterogeneous. 
Reactivation of HBV occurred a mean of 52 days 
after initiation of treatment of HCV infection, with 
most cases occurring within 4-8 weeks. Two patients 
died as a consequence, while another required liver 
transplantation. The characteristics of the HBV 
coinfection prior to reactivation were variable: Seven 
had detectable HBV DNA, four were HBsAg positive 
but DNA negative, three were negative for both, and 
the results were unknown for the remaining 10.  

After HBV reactivation, at least 12 of the 24 received 
treatment with either tenofovir or entacavir, and at 
least six received no treatment. Anti-HBV treatment 
was delayed in at least five of the 12, and one of 
these patients died; it was possibly delayed in at 
least three others, including the patient who required 
transplantation. DAA therapy was discontinued 
in eight patients when transaminase elevation was 
recognized. Overall, the FDA described the following 
as being the commonly encountered sequence: “… 
initiation of DAA-based HCV treatment, rapid drop 
of HCV RNA to undetectable levels within 1-2 weeks 
after normalization of transaminase levels (if they 
were elevated), followed by a rise in HBV DNA with 
or without increase in transaminases between weeks 
4-8.” 

As a consequence of these observations, the FDA 
now requires that a Boxed Warning be added to 
the drug labels of the currently approved DAAs. 
This warning directs healthcare providers to screen 
and monitor for flare-ups and reactivation of 

HBV coinfection in patients receiving these drugs. 
Screening should include testing for both HBsAg and 
anti-HBc, with quantitation of plasma HBV DNA 
prior to initiation of DAA in those with serological 
evidence of infection. In those with HBV coinfection, 
in addition to clinical evaluation, monitoring should 
include serial measurement of HBsAg, HBV DNA, 
transaminase levels, and bilirubin, both during and 
after treatment of HCV infection.  

  COMMENTARY
The fact that this adverse event was not observed 
during the clinical trials required for FDA approval 
has a simple explanation: Coinfection with HBV 
excluded patients from participation. Flares had 
been observed during treatment with regimens that 
included interferon-alpha, but this is confounded by 
the complexity of the effects of the latter, which has 
both antiviral and immunomodulatory activities.  

The mechanistic explanation for these flares and 
reactivations during receipt of DAA therapy is not 
known. It is of interest that plasma levels of HCV 
generally exceed those of HBV in coinfected patients, 
suggesting the possibility of an undefined interaction 
between the two. One reasonable potential 
explanation for the occurrence of reactivation and 
flares is that prevention of HCV replication may alter 
the local hepatic milieu such that local nonspecific 
immune activity is increased, leading to hepatic 
damage in the presence of HBV coinfection.1  

REFERENCE
1. Balagopal A, Thio CL. Editorial commentary: Another call to cure 

hepatitis B. Clin Infect Dis 2015;61:1307-1309.
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ABSTRACT & COMMENTARY

FDA Is Approving New Antibiotics — But Is 
the Result Just Higher Prices for More of the 
Same?
By Stan Deresinski, MD, FACP, FIDSA

Clinical Professor of Medicine, Stanford University

Dr. Deresinski reports no financial relationships relevant to this field of study.

SYNOPSIS: Eight new antibiotics received FDA approval from 2010-2015.

SOURCE: Deak D, Outterson K, Powers JH, Kesselheim AS. Progress in the fight against multidrug-resistant bacteria? A review of U.S. 
Food and Drug Administration-approved antibiotics, 2010-2015. Ann Intern Med 2016;165:363-372. 

Deak and colleagues examined available 
information about the eight antibiotics that 

were approved by the FDA from 2010-2015. Four 
antibiotics (ceftaroline, dalbavancin, tedizolid, and 
oritavancin) were approved for use in acute bacterial 
skin and skin-structure infection, two (ceftolozane-
tazobactam and ceftazidime-avibactam) were 
approved for both complicated intraabdominal and 
complicated urinary tract infection, one (fidaxomicin) 
was approved for treatment and prevention of 
recurrences of Clostridium difficile-associated 
diarrhea, and one (bedaquiline) was approved 
for multidrug-resistant pulmonary tuberculosis. 
Bedaquiline was the only drug approved for use in 
treatment of a multi-drug-resistant organism and 
was the only “first-in-class,” i.e., having a novel 
mechanism of action.  

The median duration of the total of clinical trials 
reviewed by FDA was 6.2 years, with a median of 
eight months of FDA review. Individual trials lasted 
for a median of 18 months, having enrolled a median 
of 666 patients. All but bedaquiline were approved 
on the basis of non-inferiority endpoint trials.  

  COMMENTARY
Only two of the eight new antibiotics were developed 

by “Big Pharma,” while seven are marketed by 
the latter group — and they have had no qualms 
about maximally pricing their drugs. Despite lack of 
evidence of superiority, seven of the eight drugs were 
significantly more expensive than their clinical trial 
comparator agents based on public information at the 
time of their introduction. The single agent for which 
this was not true was tedizolid, but in the interval, 
a generic form of linezolid has become available, 
and the price of its oral formulation has decreased 
dramatically. On the other hand, in our experience, 
the price of ceftaroline has increased significantly 
since its introduction.  

This study provides evidence that since the passing 
of the Generating Antibiotic Incentives Now 
(GAIN) Act in 2012, which provided faster review 
times by FDA as well as five years of exclusivity in 
addition to the seven years already available, the 
antibiotic universe is modestly improving, and the 
Infectious Diseases Society of America goal of 10 
new antibiotics by 2020 — the “10 x ’20 Initiative” 
— may be reached. Of concern, besides the prices 
being charged by Pharma (despite the financially 
advantageous initiatives provided), is the lack of 
development of drugs with novel modes of action.  
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Staphylococcus aureus  

Bacteremia Increased  

in Families

SOURCE: Oestergaard LB, Christianen MN, 
Schmiegelow MD, et al. Familial clustering of 
Staphylococcus aureus bacteremia in first-degree 
relatives. A Danish nationwide cohort study. Ann 
Intern Med 2016;165:390-398.  

Animal data suggest a  
 genetic predisposition to 

Staphylococcus aureus bacteremia 
(SAB) and infection. These authors 
examined whether there is an 
increased risk of SAB in first-
degree relatives of an individual 
with a history of hospital-acquired 
or non-hospital-acquired SAB. 
They accessed the Danish Fertility 
Database for information on 
family relationships, cross-
linking it with the Danish Civil 
Registration System, and the 
Danish Staphylococcal Bacteremia 
Database. This latter registry was 
established in 1957, and holds 
information on isolates collected 
since 2007, as well as clinical data.  

An index case was defined as 
the first family member with the 
first SAB event. Non-hospital-
acquired bacteremias were defined 
as positive blood cultures for SA 
obtained with the first two days 
of hospital admission, whereas 
hospital-onset SAB was defined as 
occurring after the first two days 
of hospitalization. Several Poisson 
regression models were used, 
examining the incidence ratios 
from 1992 to 2011, and making 
adjustments for demographics, 
such as age and sex, as well as 
underlying conditions like cancer, 
diabetes, hemodialysis status, 
and the presence of a prosthetic 
knee or hip or cardiac valve. To 

exclude the risk of transmission 
within a family, clonal lineages 
were examined for the available 
isolates. 

The incidence of SAB was 
significantly higher in men than 
in women, and peaked at ages 
80-85 years. The rate of SAB 
was more than double in first-
degree relatives of an index 
case compared with the general 
population. Those at greatest risk 
appeared to be individuals caring 
for a male index case, but the risk 
was similar whether this was a 
parent or a sibling. The risks to 
family members were greater when 
the index case had non-hospital-
acquired SAB than hospital-
acquired SAB. No increased risk 
was observed in spouses of an 
index case. Further, 80% of the 
secondary cases were infected with 
an SA strain different from the 
index case. 

Familial clustering of cases of 
SAB in first-degree relatives, due 
to differing S. aureus isolates, 
suggests an underlying familial 
predisposition to S. aureus 
infection, distinct from the risk 
of household transmission or 
colonization. Interestingly, the 
risks to family members appeared 
greatest when exposed to an 
index case with community-onset 
SAB. Although the authors made 
adjustments in their analyses for 
several important underlying 
diseases, the risks of SAB in 
those with atopy, eczema, or skin 
conditions do not appear to have 
been included as a risk factor 
in the analysis. Skin conditions, 
especially atopy and eczema, 
which can run in families, have 
been recognized as a risk factor 
for S. aureus colonization and 
infection.  

Atypical Mycobacterial  

Infection in Cardiac  

Surgery Patients

SOURCE: California Department of Health. 
All Facilities Letter (AFL 16-14). Mycobacterium 
chimaera infections associated with exposure 
to Sorin 3T heater-cooler devices during open 
chest cardiac surgery. Sept. 27, 2016. Available 
at: http://www.cdph.ca.gov/certlic/facilities/Docu-
ments/LNC-AFL-16-14.pdf. Accessed Oct. 19, 
2016.

A highly unusual atypical  
 mycobacterial infection due 

to M. chimaera has been identified 
in cardiac surgery patients in 
Europe — and more recently 
in a patient undergoing cardiac 
surgery in a California hospital 
in 2014. These cases have been 
linked to the use of a Sorin Group 
Deutschland GmbH Stockert 
3TC Heater-Cooler system, used 
during cardiac bypass. The current 
belief is that units produced 
before August 2014, when 
specific cleaning and disinfection 
measures were instituted, were 
contaminated during production 
and are the source for these 
infections. These units can be 
found worldwide, are used in 
many U.S. hospitals, and may put 
patients at risk for infection for up 
to five years following surgery.  

These infections first were 
described in patients undergoing 
cardiac surgery in Switzerland and 
Germany.1,2 Sax et al identified 
a total of six patients with 
endocarditis or vascular graft 
infection, which became clinically 
evident 1.5 to 3.6 years following 
surgery.1 The occurrence of two 
cases of this highly unusual 
infection in one hospital prompted 
an epidemiologic investigation to 
identify the source for the outbreak, 

Updates
By Carol A. Kemper, MD, FACP
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and to look for other cases. M. 
chimaera was isolated from cardiac 
tissues, blood cultures, and other 
biopsy specimens. It also was 
isolated from the water circuits of 
the heater-cooler units connected 
to the cardiac bypass, as well as 
air samples taken when the units 
were in use. Molecular methods 
confirmed identical strains within 
two clusters.  

These infections may cause 
sternal wound infection and 
osteomyelitis, endocarditis, 
disseminated granulomatous 
disease, and persistent bacteremia. 
The diagnosis is difficult to make 
for several reasons. The symptoms 
may not manifest until years 
following surgery, the detection of 
atypical mycobacterial infections 
can be missed or delayed because 
special culture media and 
techniques are required to identify 
the presence of infection, and the 
organism may be mis-identified as 

Mycobacterium avium complex 
(MAC). Identification of M. 
chimaera can be distinguished 
from MAC organisms only by the 
use of molecular 16S ribosomal 
RNA sequencing. It is considered 
pathogenic only rarely, and for 
these reasons, the infections 
were not recognized initially as 
clinically significant.  

The FDA has issued warning 
letters to the manufacturer. The 
company has instituted cleaning 
and disinfection measures, and 
cultures taken from the Sorin 
production line in June 2015 did 
not show evidence of persistent 
infection. Therefore, only units 
manufactured before September 
2014 appear to be at issue. Safety 
Communications were issued to 
hospitals in October 2015 and 
June 2016, with recommendations 
for proper use of the equipment, 
and cleaning and disinfection 
instructions. In addition, hospitals 

that use the at-risk Sorin 3TC 
devices are being asked to review 
all cardiac surgery cases for 
possible infection for at least 
the previous two years, and 
to notify cardiac surgeons and 
physicians who provide care 
for cardiac surgery patients, 
as well as infectious disease 
specialists, requesting they provide 
notification of suspect cases. In 
October, the Centers for Disease 
Control and Prevention advised 
that potentially exposed patients 
and their physicians be notified.  

REFERENCES
1. Sax H, Bloemberg G, Hasse B, et al. 

Prolonged outbreak of Mycobacterium 
chimaera infection after open-chest heart 
surgery. Clin Infect Dis 2015;61:67-75.

2. Haller S, Höller C, Jacobshagen A, et al. 
Contamination during production of heater-
cooler units by Mycobacterium chimaera 
potential cause for invasive cardiovascular 
infections: Results of an outbreak investiga-
tion in Germany, April 2015 to February 
2016. Euro Surveill 2016;21(17). 
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1.  The use of intrapartum 
azithromycin in addition 
to standard antibiotic 
prophylaxis in mothers 
delivering by non-elective 
cesarean section is 
associated with which of the 
following?

a. Less endometritis

b. Less postoperative 
wound infection

c. No known adverse 
neonatal outcomes

d. All of the above

2.  Which of the following is 
correct according to the 
CDC?

a. Approximately 22% 
of the population reports 
being penicillin allergic.

b. Less than 1% of the 
population has a true 
allergy to penicillin.

c. Almost all patients who 
report penicillin allergy will 
have an adverse reaction 
if given a beta-lactam 
antibiotic.

d. There are no potential 
adverse consequences of 
having to use non-beta-
lactam antibiotics because 
of reported penicillin 
allergy.

3.  Infection with Baylisascaris 
results from exposure to 
which of the following?

a. Eating possum meat

b. Ingestion of raccoon 
feces

c. Being bitten by a bat

d. Eating bear liver


