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ABSTRACT & COMMENTARY

Medical Treatment of Acute Appendicitis  
in Children
By Hal B. Jenson, MD, FAAP

Professor of Pediatric and Adolescent Medicine, and Dean, Western Michigan University Homer Stryker M.D. School of 
Medicine, Kalamazoo, MI

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

SYNOPSIS: A meta-analysis demonstrated a 90.5% success rate of medical treatment compared to appendectomy for acute 
uncomplicated appendicitis in children 5-15 years of age. There was a nearly nine-fold higher risk of failure with antibiotic treatment, 
indicating that appendectomy remains the standard of care.

SOURCE: Huang L, Yin Y, Yang L, et al. Comparison of antibiotic therapy and appendectomy for acute uncomplicated appendicitis in 
children: A meta-analysis. JAMA Pediatr 2017 March 27. doi:10.1001/jamapediatrics.2017.0057.

A meta-analysis was conducted of randomized 
trials and prospective controlled trials  
 comparing antibiotic therapy with 

appendectomy for acute uncomplicated appendicitis 
in children 5-18 years of age. The primary outcome 
was the success rate of antibiotic therapy, defined as 
resolution of symptoms without the need for surgery 
within 48 hours or recurrence of appendicitis 
within one month after treatment initiation. Other 
outcomes included complications, re-admissions, 
length of stay, total cost, and days of disability. The 

quality of randomized clinical trials was evaluated 
using the Cochrane Collaboration risk for bias 
assessment tool, and the quality of cohort studies 
was measured in accordance with the Newcastle-
Ottawa criteria.

There were 527 articles evaluated, and five unique 
studies were selected for meta-analysis, including 
four single-center, prospective, nonrandomized, 
controlled trials and one single-center, randomized, 
controlled trial. There were 404 unique patients 
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5-15 years of age with uncomplicated 
appendicitis enrolled in the five studies. 
Nonoperative treatment was successful in 
152 of 168 patients (90.5%), with a risk 
ratio for failure of 8.92 (95% confidence 
interval [CI], 2.67-29.79). Eleven patients 
had appendectomy within 48 hours, 
and five patients had recurrence of 
appendicitis after one month of follow-up. 
The risk for treatment failure in patients 
with an appendicolith was increased, with 
a risk ratio for failure of 10.43 (95% CI, 
1.46-74.26).

There were no significant differences in 
the prevalence of other complications 
between the antibiotic and appendectomy 
groups. The difference in initial cost 
between groups was $1,000. Length 
of hospital stay was reported in three 
studies, with a mean difference of 14.3 
more hours in the antibiotic group than 
in the appendectomy group (P = 0.16). 
Length of disability was reported in one 
study, with the mean length of disability 
of eight days (interquartile range, 5-18 
days) in the antibiotic group compared to 
21 days (interquartile range, 15-25 days) 
in the appendectomy group (P < 0.001).

Of the 168 patients in the antibiotic 
treatment group, 45 (26.8%) underwent 
appendectomy within one year because 

of treatment failure (10 patients), 
histopathologically confirmed recurrence 
(27 patients), or parent demand (eight 
patients).

  COMMENTARY
This meta-analysis found that antibiotic 
treatment for acute uncomplicated 
appendicitis in children 5-15 years of 
age has a 90.5% initial success rate 
compared to appendectomy, with a risk 
for complications that is comparable 
to appendectomy. Although antibiotic 
treatment of acute appendicitis appears 
effective in many cases, there is a nearly 
nine-fold higher risk of treatment failure 
compared with appendectomy, with 
26.8% of patients in the antibiotic 
treatment group requiring interval 
appendectomy. The results of this meta-
analysis indicate that appendectomy 
should remain the standard of care for 
acute uncomplicated appendicitis in 
children.

The meta-analysis showed that initial 
failure was even higher in the presence of 
an appendicolith, which is found in about 
10% of children with acute appendicitis. 
Medical treatment of acute appendicitis 
accompanied by appendicolith appears to 
be inappropriate.  

ABSTRACT & COMMENTARY

TB in the United States:  
Better, but Still a Long Way to Go
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: The incidence of tuberculosis in the United States continues to decrease, but not at a rate 
sufficient to achieve elimination during this century.

SOURCE: Schmit KM, Wansaula Z, Pratt R, et al. Tuberculosis — United States, 2016. MMWR Morb Mortal 
Wkly Rep 2017;66:289-294. 

A total of 9,287 newly diagnosed cases  
 of tuberculosis (TB) were identified 

in the United States in 2016, a modest 
decrease from the 9,546 cases in 2015, 
resulting in a decrease in incidence 
from 3.0 per 100,000 persons to 2.0 

per 100,000 persons. The incidence in 
2016 ranged from 0.2 cases per 100,000 
persons in Wyoming to 8.3 in Hawaii 
(median state incidence = 1.9). Alaska, 
Arkansas, California, Florida, Georgia, 
Hawaii, Maryland, Minnesota, New 
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  COMMENTARY
In addition to early recognition and treatment of 
patients with active tuberculosis, the cornerstone 
of control in the United States is identification 
and treatment of patients with latent tuberculosis 
infection (LTBI). Thus, the CDC and the U.S. 
Preventive Services Task Force (UPSTF) recommend 
screening with either the tuberculin skin test or 
an interferon-gamma release assay in individuals 
at increased risk of tuberculosis. Individuals at 
increased risk include those persons who were 
born in, or formerly resided in, countries with 
increased tuberculosis prevalence as defined by the 
World Health Organization (WHO) and persons 
who currently live in, or have lived in, high-risk 
congregate settings, such as homeless shelters, 
correctional facilities, and long-term care facilities.

Since, among foreign born individuals in the United 
States, 9 of 10 cases of tuberculosis are the result of 
reactivation of LTBI, targeting those born in high 
prevalence countries for testing and treatment of 
LTBI is an effective approach. Furthermore, since 
reactivation may occur at any time in a latently 
infected individual, the UPSTF recommends that 
testing should be performed on at-risk individuals 
even if they have resided in the United States for any 

Jersey, New York, North Dakota, and Texas, as well 
as Washington, DC, had reported incidences that 
exceeded the overall national incidence. Four states 
accounted for 50.9% of all cases, with California 
reporting 2,130, Texas 1,333, New York 763, and 
Florida reporting 602 cases.  

Two-thirds of cases in 2016 were in foreign-born 
individuals, and the incidence among the foreign-
born (14.6 per 100,000) was 14 times greater than 
among individuals born in the United States (1.0 per 
100,000). The incidence in foreign-born individuals 
nonetheless decreased by 3.2% compared to 2015, 
but the incidence also decreased 8.4% in U.S.-
born individuals. Among U.S.-born individuals, the 
incidence has decreased or remained stable since 
2013 in all racial and ethnic groups except native 
Americans (including Alaska natives and Hawaiian/
Pacific Islanders, among whom the incidence had 
increased until 2016, when it decreased). Five 
countries of origin — Mexico, the Philippines, India, 
Vietnam, and China — accounted for 54.9% of all 
cases among foreign-born persons.  

Among the individuals for whom the information 
was available, 5.7% were HIV-infected, 4.6% had 
been homeless at some point in the previous year, 
1.8% resided in a long-term care facility, and 3.5% 
were confined to a correctional facility.  

Susceptibility data for 2016 are not yet available, but 
in 2015, 0.4% of culture-confirmed cases in U.S.-
born individuals were caused by multidrug-resistant 
(MDR) Mycobacterium tuberculosis (see Box), while 
among the foreign-born cases, 1.2% of isolates 
were MDR. One case was extensively resistant. 
Approximately four-fifths of MDR cases occurred in 
individuals without a known history of tuberculosis.

Figure. Tuberculosis Incidence Overall and Among U.S.-born and Foreign-born Persons —  
United States, 2002-2016

Source: Centers for Disease Control and Prevention

Box.

Multidrug resistant (MDR): Resistant to at least isoniazid 
and rifampin.
Extensively drug resistant (XDR): Resistant to at least 
isoniazid and rifampin among first-line drugs, resistant to 
any fluoroquinolone, and resistant to at least one of three 
second-line injectable drugs (i.e., amikacin, kanamycin, 
capreomycin).
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period of time, no matter how prolonged.  

Individuals, including healthcare workers, who 
work in high-risk settings with potential exposure 
to others with active tuberculosis, are considered to 
be at risk and also should be subject to testing and 
treatment. Additional persons considered to be at risk 
from either exposure or activation of latent infection 
should be tested similarly. These include:
• Close contacts of individuals with active infectious 
tuberculosis;
• Immunosuppressed persons;
• Those with other medical conditions associated 
with increased risk of tuberculosis reactivation, 

such as those with diabetes mellitus, chronic renal 
insufficiency, and silicosis; and
• Individuals with chest X-ray findings of fibrotic 
lesions suggestive of inactive tuberculous disease.
 
On March 24, 1882, Robert Koch announced the 
discovery of M. tuberculosis, and each year March 24 
is recognized as World TB Day in commemoration. 
The theme of World TB Day is “Unite to End TB,” 
but the evidence is clear that in the United States, 
and despite the continued reduction in incidence, 
tuberculosis will not be eliminated during this 
century.  

ABSTRACT & COMMENTARY

Restricting Fluoroquinolone Use Reduces 
Clostridium difficile Infection More Than 
Infection Control Methods
By Richard R. Watkins, MD, MS, FACP, FIDSA

Associate Professor of Internal Medicine, Northeast Ohio Medical University; Division of Infectious Diseases, Cleveland 
Clinic Akron General, Akron, OH

Dr. Watkins reports that he has received research support from Allergan.

SYNOPSIS: An observational study from England showed that restricting fluoroquinolone use reduced incidence of Clostridium difficile 
infection more than would be predicted by improved infection control methods alone.

SOURCE: Dingle KE, Didelot X, Quan TP, et al. Effects of control interventions on Clostridium difficile infection in England: An observational 
study. Lancet Infect Dis 2017;17:411-421.

An epidemic of Clostridium difficile infection  
 (CDI) in the early 2000s led authorities in 

England to implement a program of infection 
control (IC) methods and restriction of highly used 
antibiotics in 2007. Overall, the program was highly 
successful in reducing the incidence of CDI. Dingle 
et al sought to determine whether the enhanced 
IC methods or the antibiotic restrictions led to the 
decline in CDI cases.

The study was retrospective, observational, and used 
regional and national data (Public Health England) 
on antimicrobial prescribing and yearly incidence of 
CDI. The investigators tested two hypotheses. The 
first was that if the rate of CDI decline was due to 
reductions in specific antibiotics, then the incidence of 
CDI caused by resistant isolates should decline faster 
than the incidence of susceptible isolates. The second 
hypothesis was that if decreases in CDI were due to 
improvements in hospital IC, then secondary cases 
should decline regardless of antibiotic susceptibilities.

Fluoroquinolone use began to decline slightly earlier 
in the hospitals compared to the community (P 
< 0.0001 from 2005 to 2009 vs. 2007 to 2012, 
respectively). Whole genome sequencing determined 
that the decline in CDI was associated with 
reductions in fluoroquinolone-resistant isolates from 
four separate genotypes, including the NAP1/BI/027 
strain. In contrast, the incidence of CDI caused 
by fluoroquinolone-susceptible isolates remained 
unchanged (annual incidence rate ratio [aIRR], 1.02; 
95% confidence interval [CI], 0.97-1.08; P = 0.45). 
Furthermore, there was no evidence of decreases 
in secondary cases caused by fluoroquinolone-
susceptible isolates, either with hospital contact due 
to a previous infection (aIRR, 0.87; 95% CI, 0.67-
1.13; P = 0.29) or without (aIRR, 1.14; 95% CI, 
0.92-1.42; P = 0.23).

  COMMENTARY
This study was interesting because it showed the 
decrease in CDI incidence in England was driven 
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by a reduction in fluoroquinolone-resistant isolates. 
This means that the reduction in fluoroquinolone 
use — and not IC practices or restriction of other 
antibiotics, such as cephalosporins — led to the lower 
incidence of CDI. Therefore, the study can be viewed 
as supportive of antibiotic stewardship programs, 
in particular for restricting fluoroquinolone use, in 
helping to combat CDI. The increasing recognition 
about side effects and serious adverse events 
associated with fluoroquinolones (e.g., tendinitis, 
cardiac arrhythmias) has led cautious clinicians to use 
these drugs judiciously, especially when alternative 
agents are available. However, as noted in the 
accompanying editorial, one study showed that 39% 
of fluoroquinolone days of therapy in hospitalized 
patients were inappropriate.1 Therefore, further 
evidence to support decreasing fluoroquinolone use 
in hospitals and the community, such as the paper by 
Dingle et al, is welcome.

Despite the impressive scope of the study, there 
were some limitations. First, the observational 

design may have led to biases from unrecognized 
confounding variables. Therefore, randomized trials 
still are necessary to definitively determine the effects 
of fluoroquinolone restriction on CDI outbreaks. 
Second, epidemic C. difficile strains have been 
observed to decline despite no reductions in antibiotic 
use. Third, the study was conducted in one country 
(England), so the results may not be generalizable to 
other locations.

In summary, the multifaceted approach adopted in 
England was successful in reducing that country’s 
incidence of CDI. The restriction of fluoroquinolone 
use appears to have had the most impact and can 
be viewed as a promising strategy that antibiotic 
stewardship programs could consider, especially in 
institutions that have CDI rates higher than national 
and regional averages.  

REFERENCE
1. Werner NL, Hecker MT, Sethi AK, Donskey CJ. Unnecessary use 

of fluoroquinolone antibiotics in hospitalized patients. BMC Infect Dis 
2011;11:187.

ABSTRACT & COMMENTARY

Echinococcosis — Who Cares,  
and What’s New?
By Philip R. Fischer, MD, DTM&H

Professor of Pediatrics, Department of Pediatric and Adolescent Medicine, Mayo Clinic, Rochester, MN

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

SYNOPSIS: Echinococcosis continues to cause significant disease in much of the world, and a new form is emerging in Latin America. 
Combinations of medical, procedural, and surgical treatment usually are effective, but long-term albendazole may be required.

SOURCE: Kern P, Menezes da Silva A, Akhan O, et al. The echinococcoses: Diagnosis, clinical management and burden of disease. Adv 
Parasitol 2017;96:259-369.

Echinococcosis, often called hydatid disease,  
 is a serious human cestode infection that is 

found in most areas of the world. A larval stage of 
Echinococcus granulosus tapeworms causes cystic 
hydatid disease in places where dogs eat entrails 
of herd animals, most notably in Africa, Asia, the 
Middle East, Europe, South America, and parts of 
North America. E. multilocularis causes human 
alveolar hydatid disease and is identified mostly 
in Asia and Europe. Far from being relegated to 
the annals of history or remote recollections of 
our training years, echinococcosis still is an active 
problem on every continent except Antarctica.

Who Cares About Echinococcosis?
Parasitologists care. During recent months, Advances 

in Parasitology has published 10 articles totaling 
932 pages reviewing current knowledge about 
echinococcosis. In addition to the paper by Kern 
and colleagues highlighted here, other papers deal 
with the history, biology, ecology, epidemiology, 
immunology, and control of echinococcosis.  

Patients and families care. Measuring the loss of 
productive years of life due to an illness as Disability 
Associated Life Years (DALYs), echinococcosis 
accounts for more than 1.5 million DALYs each 
year. This is similar to the extent of the effect of 
onchocerciasis, dengue, and Chagas disease.  

Policy makers and economists care. Accounting for 
direct and indirect costs of human hydatid disease, 
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as well as livestock-associated costs of disease, it is 
estimated that echinococcosis costs approximately 
$2.2 billion each year.

What’s New? What Should Infectious Disease  
Clinicians Know About Echinococcosis?
Epidemiology. Since some of us started training, 
two newer “neotropical” forms of echinococcosis 
have been recognized and characterized. Identified 
in the 1970s and now occurring in some parts of 
Latin America, E. vogeli causes a form of neotropical 
echinococcosis with multiple cysts. Recognized even 
more recently, E. oligarthrus is emerging as a cause 
of unicystic neotropical echinococcosis in rural parts 
of Central and South America; however, only four 
human cases have been reported to date.  

Clinical Presentation. E. granulosus parasites often 
are acquired in childhood but require many years of 
cystic growth to become symptomatic. The lung is a 
common site of infection in children, but two-thirds 
of adult infections occur in the liver. Bone, renal, 
splenic, and brain lesions are seen less commonly. 
Cardiac cysts have been reported in the ventricular 
wall. E. multilocularis rarely presents during 
childhood and almost always is found in the liver. 
Rather than being confined to cysts, these alveolar 
lesions bud and invade the liver in ways that mimic 
malignant tumors. Liver cysts can present as notable 
abdominal masses or with obstructive jaundice. 
Meanwhile, pulmonary lesions can produce pain, 
cough, and hemoptysis. As known in the past, cyst 
rupture from accidental or surgical trauma can lead 
to anaphylaxis or hypersensitivity pneumonitis.

Diagnosis. The World Health Organization has 

disseminated and validated a classification system for 
the diagnosis of various forms of cystic echinococcosis 
based on ultrasound findings. This grading system 
relates to the complexity of cysts and to the activity 
of the infecting larvae. Alveolar lesions are graded 
similarly by a World Health Organization system 
based on the location and extension of liver lesions, 
the involvement of neighboring nodes and organs, and 
the presence of distant metastatic lesions. Computed 
tomography and magnetic resonance imaging can 
provide helpful details about alveolar lesions that are 
not discernable on ultrasound. Sensitive serologic tests 
can help rule out disease, and specific serologic tests 
can help confirm disease. Parasites sometimes can be 
retrieved from cystic lesions.

Management. The treatment of patients with cystic 
disease is guided by stage and location. Albendazole 
alone can result in cure of some small cysts, but 
several months of treatment may be required. Larger 
lesions can be treated with percutaneous aspiration, 
instillation of scolicidal agents, and re-aspiration; 
nonetheless, albendazole usually is given before and 
after this procedural treatment. Complex cysts should 
be removed surgically, again with coverage with 
albendazole. Alveolar disease often requires radical 
surgery involving removal of parts of the liver or 
actual transplantation along with two years of post-
operative albendazole. Albendazole now is available 
in most areas of the world and is absorbed best when 
taken with a fatty meal.  

For future reading:
Cabada M, et al. Echinococcosis. Chapter 330. In: 
Kleigman RM, St. Geme JW, eds. Nelson Textbook of 
Pediatrics, 21st ed. In press; 2017.

ABSTRACT & COMMENTARY

Treatment of Chronic Fatigue/Myalgic 
Encephalitis Syndrome: Blocking the IL-1 
Component to the Inflammatory Response  
Is Ineffective
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: Blockade of IL-1 activity with anakinra failed to reduce fatigue in patients with chronic fatigue syndrome.

SOURCE: Roerink ME, Bredie SJ, Heijnen M, et al. Cytokine inhibition in patients with chronic fatigue syndrome: A randomized trial. Ann 
Intern Med 2017 Mar 7. doi: 10.7326/M16-2391. [Epub ahead of print].
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Roerink and colleagues at Radboud University  
 Medical Center in Nijmegen randomized 50 

females with chronic fatigue syndrome (CFS) to 
receive either a saline placebo or the interleukin-1 
(IL-1) receptor antagonist anakinra. Each was given 
daily by subcutaneous injection for four weeks; the 
daily anakinra dose was 100 mg. The diagnosis of 
CFS was based on CDC criteria, and the primary 
outcome measure was the Checklist Individual 
Strength subscale (CIS-fatigue), a validated measure 
of fatigue severity at four weeks.

At four weeks, both the experimental and control 
groups demonstrated a reduction in CIS-fatigue 
score with no significant difference between 
them. Furthermore, while most patients remained 
severely fatigued, two (8%) of anakinra recipients 
and five (20%) placebo recipients were no longer 
severely fatigued (i.e., they reached a level of fatigue 
considered within the normal range). Limiting the 
analysis to the 48% of patients who reported that 
their fatigue was triggered by an infection also did 
not detect a significant difference in CIS-fatigue 
score between treatment groups. There also was 
no significant difference in the following secondary 
outcomes at four weeks and 24 weeks: impairment, 

physical and social functioning, psychological 
distress, and pain severity.

Seventeen (68%) anakinra recipients had injection 
site reactions, as did one (4%) of the controls.

  COMMENTARY
In 2015, the Institute of Medicine issued a report 
that concluded that CFS is a biologically based 
illness and proposed a set of diagnostic criteria (see 
Table) that differs from the CDC criteria used in the 
study reviewed here. They also proposed that the 
illness be called systemic exertion intolerance disease 
(SEID) rather than chronic fatigue syndrome/myalgic 
encephalitis (CFS/ME). Research into the cause 
or causes of this illness and its management have 
burgeoned since.

The study by Roerink and colleagues was based on 
a number of observations suggesting that excess 
proinflammatory cytokine activity, perhaps within 
the central nervous system, was the underlying 
pathophysiology accounting for the reported 
symptoms. Studies of cytokines in peripheral blood 
sometimes have produced contradictory results.
This includes studies of IL-1, some of which have 
demonstrated elevated levels while others have not. 
It has been proposed that one reason for this is that 
the critical site of IL-1 production in causing the 
symptoms of CFS is not the peripheral blood but the 
central nervous system. In this regard, Roerink et al 
note that anakinra can be detected in cerebrospinal 
fluid in low concentrations after intravenous or 
subcutaneous administration.  
 
The placebo effect in this study was significant 
and similar to that seen in at least one other study. 
Of note is that the high frequency of injection site 
reactions associated with anakinra administration 
should have caused a bias favoring anakinra since it 
is likely that patients with such reactions may have 
assumed they were receiving active drug, but this was 
not the case.

This study failed to identify benefit from anakinra 
administration in relief of the symptoms of CFS. The 
only therapies with demonstrated benefit to date are 
cognitive behavioral therapy and graded exercise, 
although patients may benefit from symptomatic 
therapies such as the administration of nonsteroidal 
anti-inflammatory agents for pain.  

REFERENCE
1. Institute of Medicine. Beyond myalgic encephalomyelitis/chronic fatigue 

syndrome: Redefining an illness. Washington, DC: The National Acade-
mies Press; 2015. Available at: http://www.nationalacademies.org/hmd/
reports/2015/me-cfs.aspx. Accessed April 7, 2017.

TABLE. Institute of Medicine Criteria for 
Diagnosis of Myalgic Encephalomyelitis/
Chronic Fatigue Syndrome

Patient has each of the following three symptoms at least 
half of the time, to at least a moderately severe degree:
• A substantial reduction or impairment in the ability to 
engage in pre-illness levels of occupational, educational, 
social, or personal activities that persists for > 6 months 
and is accompanied by fatigue, which is often profound, 
is of new or definite onset (not lifelong), is not the result 
of ongoing excessive exertion, and is not substantially 
alleviated by rest.
• Postexertional malaise*
• Unrefreshing sleep*
Plus at least one of the two following manifestations 
(chronic, severe):
• Cognitive impairment*
• Orthostatic intolerance

* Frequency and severity of symptoms should be as-
sessed. The diagnosis of myalgic encephalomyelitis/
chronic fatigue syndrome should be questioned if 
patients do not have these symptoms at least half of the 
time with moderate, substantial, or severe intensity.

Reprinted with permission from: Beyond myalgic en-
cephalomyelitis/chronic fatigue syndrome: Redefining an 
illness. 2015 by the National Academy of Sciences, Cour-
tesy of the national Academies Press, Washington, DC. 
http://www.nationalacademies.org/hmd/reports/2015/
me-cfs.aspx
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ABSTRACT & COMMENTARY

Beta-lactam Antibiotics May Be Useful  
in MRSA Infection
By Dean L. Winslow, MD, FACP, FIDSA

Professor of Medicine, Division of General Medical Disciplines, Division of Infectious Diseases and Geographic Medicine, 
Stanford University School of Medicine

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

SYNOPSIS: Using several in vitro assays and animal models, it was shown that oxacillin-treated methicillin-resistant Staphylococcus aureus 
strains are attenuated in virulence. The effect is mediated by repression of accessory gene regulatory quorum-sensing system and altered 
cell wall architecture.

SOURCE: Waters EM, Rudkin JK, Coughlan S, et al. Redeploying β-lactam antibiotics as a novel antivirulence strategy for the treatment of 
methicillin-resistant Staphylococcus aureus infections. J Infect Dis 2017;215:80-87.

A USA300 strain of methicillin-resistant  
 Staphylococcus aureus (MRSA) was used in 

all experiments. Standard techniques were used 
for RNA isolation, RNA sequencing, and gene 
expression quantification, neutrophil lysis assays, 
C3b deposition, and opsonophagocytic assays were 
performed in vitro. Mouse models of pneumonia and 
sepsis were employed to assess in vivo virulence.

In the mouse sepsis model (tail vein injection of S. 
aureus) and in the pneumonia model (intranasal 
infection), oxacillin given IV at both 7.5 mg/kg and 
75 mg/kg increased overall survival. In untreated 
controls, 8/10 mice had abscesses at necropsy, 
whereas 4/10 mice treated with low-dose oxacillin 
and 0/10 mice treated with high-dose oxacillin had 
abscesses. Also, MRSA cfu/mL were significantly 
lower in the kidney and spleen in oxacillin-treated 
mice, with reductions more marked in mice sampled 
at seven days than in those sampled at 28 hours post 
infection. In the murine pneumonia model, oxacillin 
treatment initiated after 3.5 hours increased survival 
from 20% in untreated mice to 60% in mice treated 
with either low- or high-dose oxacillin.

In vitro studies demonstrated that oxacillin repressed 
production of a number of cytolytic toxins. This 
was mechanistically related to downregulation of 
accessory gene regulator (Agr).

In experiments in which the USA300 strain 
was incubated in the presence of subinhibitory 
concentrations of oxacillin, mRNA expression 
analysis showed that oxacillin caused down-
regulation of 25 genes (including cytolytic toxins 
and Agr), and up-regulation of 174 genes (including 
mecA, regulator of toxins-rot, vancomycin resistance 

regulator-VraR, and genes encoding enzymes involved 
in cell wall teichoic acid biosynthesis).

Additional in vitro assays showed that oxacillin 
treatment of USA300 (and two other MRSA strains: 
JE2 and tarS::Tn) increased C3b deposition and 
opsonophagocytic killing of these organisms.

  COMMENTARY
This paper presents several well-executed in vitro 
and in vivo experiments, which demonstrate the 
pleiotropic effects of oxacillin on MRSA. One 
intriguing randomized, controlled trial of 60 
patients with MRSA bacteremia showed that 
duration of bacteremia was reduced from 3 to 1.9 
days in patients treated with both vancomycin and 
flucloxacillin compared with vancomycin alone.1 The 
use of β-lactams to repress toxin production, alter cell 
wall architecture, and increase bacterial susceptibility 
to host immune cell killing is attractive. Clearly, 
larger clinical trials will be important to validate the 
clinical utility of combining β-lactam antibiotics with 
anti-MRSA agents.

REFERENCE
1. Davis JS, Sud A, O’Sullivan MV, et al. Combination of vancomycin 

and β-lactam therapy for methicillin-resistant Staphylococcus aureus 
bacteremia: A pilot multicenter randomized controlled trial. Clin Infect 
Dis 2016;62:173-180.
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ABSTRACT & COMMENTARY

Guillain-Barré Syndrome and Hepatitis E
By Michael Rubin, MD

Professor of Clinical Neurology, Weill Cornell Medical College

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

SYNOPSIS: Hepatitis E is the most common form of viral hepatitis worldwide and often is asymptomatic. But it is commonly associated 
with Guillain-Barré syndrome and Guillain-Barré variants.

SOURCE: Stevens O, Claeys KG, Poesen K, et al. Diagnostic challenges and clinical characteristics of hepatitis E virus-associated Guillain-
Barré syndrome. JAMA Neurol 2017;74:26-33.

Antecedent infection initiating an immune  
 response often is believed to result in Guillain-

Barré syndrome (GBS), with prior infection of 
the gastrointestinal tract, most commonly by 
Campylobacter jejuni, or respiratory tract, noted 
in two-thirds. Other antecedent infections include 
human immunodeficiency virus (HIV), influenza, 
cytomegalovirus (CMV), and Epstein-Barr virus 
(EBV), and less commonly, varicella-zoster virus, 
herpes simplex virus, hepatitis A, B, C, and E 
viruses, Haemophilus influenzae, Escherichia coli, 
and Mycoplasma pneumonia. Zika virus recently 
has been identified as causally related to GBS. What 
is the prevalence and clinical spectrum of hepatitis 
E (HepE) virus-associated GBS and how may it be 
accurately diagnosed?

Undertaken at the Department of Neurology, 
University Hospital, Leuven, Belgium, this 
retrospective cohort study identified all GBS or 
GBS-variant patients who presented between Jan. 
1, 2007, and Nov. 1, 2015, within four weeks of 
onset of neurological symptoms. Patients were 
categorized clinically as pure motor GBS, Miller-
Fisher syndrome, Bickerstaff brainstem encephalitis, 
acute ataxic neuropathy, bifacial weakness with distal 
paresthesiae, acute multiple cranial neuropathies, 
pharyngeal-cervical-brachial variant, and overlap 
syndrome. Clinical history and examination findings, 
results of lumbar puncture and blood work, including 
antiganglioside or anti-sulfatide antibodies (IgM and 
IgG against GM1, GM2, GM3, GM4, GD1a, GD1b, 
GD2, GD3, GT1a, GT1b, GQ1b, and sulfatides), 
and infectious serologic serum tests were reviewed. 
Patients accepted in transfer following intravenous 
immunoglobulin treatment and those without usable 
serum in the laboratory serum bank were excluded. 
Statistical analysis comprised the Shapiro-Wilk 
normality test and the two-tailed unpaired Mann-
Whitney test, with P < 0.05 considered significant.

Among 88 patients with GBS or its variant, 73 
satisfied inclusionary and exclusionary criteria, 
encompassing 44 men and 29 women, with mean 
age 52 years, of which 8% (n = 6) had positive IgM 
HepE assays, consistent with possible acute HepE 
infection, two of whom also tested positive for EBV 
or CMV. Elevated alanine aminotransferase (> 1.5 
times the upper limit of normal) was found in four of 
these patients. Thus, 6% (n = 4) of this GBS cohort 
had probable acute HepE infection, two presenting 
with a GBS variant (acute ataxic neuropathy or the 
pharyngeal-cervical-brachial variant) and the two 
others with classic GBS. Of the two patients who 
tested positive for both HepE and CMV or EBV, one 
had mild predominantly sensory GBS and one had 
classic GBS. Acute HepE infection is associated with 
GBS, and elevated alanine aminotransferase may be a 
clue to its presence.

  COMMENTARY
Hyper-endemic in many Asian and African 
developing countries, where infection is caused by 
HepE virus 1 and 2, and spread via the fecal-oral 
route through contaminated water, HepE also is 
endemic in developed countries, where HepE3 and 
HepE4 are the culprits, and are porcine zoonoses. 
Most often asymptomatic, HepE can cause acute and 
chronic hepatitis, and it is the most common cause of 
acute viral hepatitis worldwide. HepE is associated 
with a variety of neurologic disorders, including GBS, 
which, in 2000, was reported as the first HepE-
associated neurologic complication. Other disorders 
include neuralgic amyotrophy, encephalitis,
meningitis, and myelitis. Mononeuritis multiplex 
often is reported with HepE, as well as a rare report 
of myositis. Bell’s palsy and vestibular neuronitis 
have occurred concomitantly with HepE, but a 
causal relationship remains speculative. Hepatitis is 
either absent or mild when seen in conjunction with 
neurologic complications of HepE.  
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Sepsis Survival Affected by 

Drug Shortage 

SOURCE: Vail E, Gershengorn HB, Hua M, 
et al. Association between US norepinephrine 
shortage and mortality among patients with sep-
tic shock. JAMA 2017 March 21. doi:10.1001/
jama.2017.2841.  

In 2011, a nationwide shortage 
of norepinephrine (NE) — the 

leading vasopressor agent used 
in septic shock — affected many 
hospitals in the United States. 
This retrospective cohort analysis 
assessed the mortality before, 
during, and after the shortage 
at a sample of 26 U.S. hospitals. 
Only hospitals that routinely 
used NE for sepsis for at least 
60% of cases at baseline were 
selected. The cohort included 
27,835 adults with septic shock 
(median, 69 years of age) admitted 
between June 1, 2008, and June 
30, 2013. Data were analyzed in 
separate three-month quartiles 
and compared in a multilevel 

mixed effects logistical regression 
analysis. Vasopressor use was 
determined for five agents per 
quarter for all hospitals.  

Overall, NE use increased during 
the five-year study period, 
trending upward from 76.6% of 
cases in 2008 to a peak of 80% 
in 2013. For hospitals caught in 
the shortage during the second 
quarter of 2011, NE use fell from 
an average of 77% to as low as 
55.7%, with recovery in 2012. 
A compensatory increase in 
phenylephrine use was observed 
among the same facilities (from 
a baseline of 36.2% to a peak of 
54.4% in the second quarter of 
2011). For those hospitals not 
affected by the shortage, NE use 
remained stable at 79.3% for that 
quarter. 

Overall mortality was observed 
to decreased gradually during the 
five-year study period, decreasing 
from 34.9% in 2008 to 31.9% 
in 2013. However, in hospitals 
affected by the NE shortage, there 
were increased odds of in-hospital 
mortality, up from 35.9% to 
39.6% during the shortage (net 

difference, 3.7%; 95% 
confidence interval [CI], 
1.5% to 6% difference; 
adjusted odds ratio 
[OR], 1.15; P = 0.03). A 
separate “difference-in-
differences” statistical 
approach between 
hospitals caught by the 
shortage and those that 
were not yielded similar 
results (adjusted OR, 
1.17; P = 0.003).  

Although on the 
surface the difference in 

mortality may seem small, when 
considering the annual number 
of cases of sepsis treated in the 
United States (n = 150,000), 
any change in critical care 

management can have significant 
consequences. A difference of 
3.7% in mortality, due to even 
a partially decreased availability 
in one drug, theoretically may 
lead to an excess of 5,500 annual 
deaths, eroding all the gains of the 
previous five years. Even transient 
shortages of critical drugs may 
have serious implications. 

A Rare Cause  

of Eosinophilic  

Meningoencephalitis 

SOURCE: Ahn A, Choe YJ, Chang J, et al. Chron-
ic eosinophilic meningoencephalitis by Prototheca 
wickerhamii in an immunocompetent boy. Pediatr 
Infect Dis J 2017 Jan. 19. [Epub ahead of print.]

Eosinophilic meningitis and 
meningoencephalitis in 

humans is an unusual entity 
that triggers infectious disease 
specialists to start dreaming 
of coccidioidomycosis — or 
Angiostrongylus cantonensis. 
Less common causes might be 
gnathostomiasis or Baylisascaris 
procyonis, toxocariasis, 
cysticercosis, paragonimiasis, or 
schistosomiasis — all various 
helminthic infections, where 
eosinophils are critical to parasite 
destruction. And if you were a 
veterinarian, you might think of 
Protothecosis — a ubiquitous 
saprophytic green algae that, 
in rare instances, can cause 
progressive neurologic deficits, 
ataxia, visual disturbances, 
and hemorrhagic colitis in dogs 
and occasionally in cats and 
cattle. In humans, this entity 
rarely has been encountered, 
having been described in only 
a handful of cases. Only one 
previously reported case of 

[Although on the surface the 

difference in mortality may seem 

small, when considering the 

annual number of cases of sepsis 

... any change in critical care 

management can have significant 

consequences.]
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prototheca meningitis, which 
occurred in a child with combined 
immunodeficiency syndrome, 
resulted in eosinophilic meningitis. 

These authors describe a 
remarkable case of a 12-year-old 
healthy boy who presented with 
gait disturbance, progressive 
blurred vision with optic neuritis 
and peripapillary retinitis, and 
communicating hydrocephalus. He 
had been progressively worsening 
over a four-week period before 
presenting for care. His peripheral 
eosinophil count was 2,300 cells/
microliter, and cerebrospinal fluid 
(CSF) sampling yielded 150 cells/
microliter (68% eosinophils, 
14% atypical lymphocytes, 13% 
lymphocytes), with a glucose of 
35 mg/dL and a protein of 72 
mg/dL. A ventriculo-peritoneal 
(VP) shunt was placed. From the 
CSF, Prototheca wickerhamii 
grew on Sabouraud agar at 
day 5 of incubation, and a 
cytospin revealed typical morula-
like structures with spherical 
sporangia. He was treated with 
amphotericin B for six weeks, 
plus hydrocortisone. Repeat 
CSF cultures were negative at 
three and six weeks, although P. 
wickerhamii grew from the tip of 
the VP shunt when removed at day 
73. His vision remained impaired 
in one eye.  

The patient did well for 14 
months, when he required 
hospitalization for worsening 
hydrocephalus, with increased 
peri-ventricular signal in both 
hemispheres on MRI. He had 
recurrent pleocytosis with 33% 

eosinophils, and a rare amount 
of P. wickerhamii was cultured 
from CSF at day 7 of incubation. 
He received a nine-week course 
of parenteral amphotericin B, and 
several months later remained 
stable.

The investigation found no 
inciting trauma or immuno-
deficiency. Studies of neutrophil 
function, oxidative burst and 
intracellular killing, phagocytosis, 
and chemotaxis were unrevealing. 
Interestingly, since collies seem 
more prone to dissemination of 
Prototheca, an unknown genetic 
mechanism has been proposed in 
dogs.  

Look, Ma! I Hooked My 

Thumb 

SOURCE: Whitten T, Bjork J, Neitzel D, et 
al. Notes from the field: Francisella tularensis 
Type B infection from a fish hook injury – Min-
nesota, 2016. MMWR Morb Mortal Wkly Rep 
2017;66:194.  

It’s an everyday occurrence 
where I grew up — getting 

caught on your own fish hook. A 
67-year-old Minnesota woman 
developed progressive wound 
infection of her left middle finger 
after accidentally hooking herself 
through the pulp of her finger. She 
had been fishing on a freshwater 
lake in South Dakota. Within 
three days, she developed pain 
and swelling of the digit, and 
was given parenteral ceftriaxone 
on oral cephalexin by a primary 
care physician. Over the next 
four to seven days, she developed 
axillary lymphadenopathy, and 

eschar formation at the wound, 
and her antibiotics were changed 
first to ciprofloxacin and then 
to doxycycline. An orthopedic 
surgeon collected a swab of the 
wound, which surprisingly yielded 
Francisella tularensis, subsequently 
identified as F. tularensis spp 
holarctica (type B). She did well on 
doxycycline, which was continued 
for five weeks. 

Ten cases of tularemia have been 
recognized in Minnesota residents 
during the past 21 years. Half 
of these cases were caused by 
type A (Francisella tularensis 
spp tularensis), which generally 
is found in association with 
lagomorphs (hares, rabbits) and 
half were type B (F. tularensis 
spp holarctica), which is more 
commonly associated with rodents 
and freshwater sources. Generally, 
type A results in more serious 
infection. Only one other case 
was associated with lake water 
exposure — someone shaving with 
lake water. Fish hook injuries are 
a frequent problem in Minnesota, 
and a lot of us carried pliers or 
wire cutters in the bait box just 
for this event, and urgent care 
docs get pretty good at removing 
hooks. It’s like tires at the rental 
car facility — you can go forward, 
but don’t try going backward. 
While bacterial infection is 
not uncommon, this is the first 
documented case of wound 
inoculation tularemia from a fish 
hook. Kudos to the orthopedic 
surgeon who sent a culture to the 
lab.  
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1.  Which of the following 
statements is not true?

a. Echinococcosis causes a 
similar amount of disability 
as does dengue.

b. Echinococcosis occurs in 
North America.

c. E. oligarthrus has 
caused four human cases 
of echinococcosis in Latin 
America.

d. Oral albendazole therapy 
for two years is curative of 
complex alveolar hydatid 
disease.

2.  Which of the following 
is correct regarding 
tuberculosis in the United 
States?

a. Four states (California, 
Texas, New York, and 
Florida) accounted for 
approximately one-half of 
incident cases in 2016. 

b. One-third of cases were 
in foreign-born individuals 
in 2016.

c. While individuals born 
in countries with high TB 
prevalence are candidates 
for screening for latent 
tuberculosis infection, this is 
no longer true if they have 
been in the United States for 
> 5 years.

d. In 2015, 10% of cases 
were caused by multidrug-
resistant isolates.

3.  Which of the following 
is correct regarding 
echinococcosis?

a. The lung is a common 
site of infection in adults.

b. The lung is a common 
site of infection in children.

c. Echinococcus vogeli 
generally causes infection 
with only a single cyst.

d. Treatment with 
albendazole is not indicated 
if surgical removal is 
performed.


