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ABSTRACT & COMMENTARY

Measles in Our Not-So-Magical Kingdom
By Philip R. Fischer, MD, DTM&H

Dr. Fischer is 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: Over 100 Americans have gotten measles recently related to exposures arising from a popular amusement park in 
California. Routine vaccination would have prevented most of these cases.

SOURCES: California Department of Public Health. California Department of Public Health confirms 59 cases of measles, www.cdph.
ca.gov/Pages/NR15-008.aspx, 2-10-2015.

Centers for Disease Control and Prevention. Measles cases and outbreaks. www.cdc.gov/measles/cases-outbreaks.html, accessed 
2-10-2015.

McCarthy M. Measles outbreak linked to Disney theme parks reaches five states and Mexico. BMJ 2015;350:h436. doi: 10.1136/bmj.
h436.

Measles is a highly-infectious airborne 
infection that manifests with fever, cough, 
runny nose, and injected eyes for a few days, 

followed by a maculopapular erythematous rash that 
usually descends from the face to the rest of the body. 
The virus is contagious from infected individuals, 
even for four days prior to the onset of symptoms.

Measles was “eliminated” from the United States 
in 2000 and is no longer endemic. However, travel-
related cases continue to occur. There are usually 
fewer than 100 cases each year in the United States, 

but there were a total of 644 cases in 27 states in 
2014. These 644 cases were in 23 separate measles 
outbreaks, many of which originated with travelers 
from the Philippines. The largest U.S. measles 
outbreak in 2014 involved 383 people, mostly 
unimmunized members of an Amish community in 
Ohio.

From January 1 to February 6, 2015, there were 
121 measles cases in 17 U.S. states and the District 
of Columbia. Affected patients were 7 months to 
70 years of age. Most of these cases were linked to 
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a California amusement park. Confirmed 
cases included people who visited the 
amusement park while infectious, as well 
as five park employees. One-fourth of 
patients were hospitalized, but no deaths 
were recorded during at least the first 
three weeks of the outbreak.

Receiving two doses of measles vaccine 
is more than 99% effective in protecting 
people. Of Californians infected during 
the first three weeks of January 2015 for 
whom vaccine records were available, 
82% were unimmunized, and 3% had 
received just one of the two vaccines. 

  COMMENTARY

Several practical lessons arise from the 
still-active spread of measles from a 
California amusement park. There are 
implications for our practices and for 
public education.

First, measles is still carried into the 
United States by international travelers. 
A recent systematic review identified 
2128 imported measles cases in multiple 
countries between 2001 and 2011.1 In that 
review, there were 132 index cases and 47 
secondary cases related to exposure during 
air travel. Mass gatherings and cruise 
ship travel also accounted for some cases 
of imported measles. It was concerning 
that many of the reported imported cases 
involved children, those most at risk of 
severe complications of measles infection.2 
Physicians seeing recently arrived travelers 
from other countries who present with 
febrile illnesses should consider measles in 
the differential diagnosis. When measles is 
suspected, people should be advised to stay 
away from areas where people congregate 
— such as airports, amusement parks, and 
shopping malls.

Second, measles vaccine is highly 
effective. Side effects are extremely rare 
(see “article title” on page X), and the 
potentially devastating consequences 
of non-vaccination are increasingly less 
uncommon. Avoidance of public contact 
with pre-symptomatic individuals (and 
even with early symptomatic individuals) 
is extremely difficult. The best and most 
proven way to avoid measles is to get 
vaccinated.  

Nonetheless, many people in the United 
States remain incompletely immunized, 
and measles outbreaks are the sad 
result of inadequate immunization. In 
northern California, young children in 
a well-organized health system were 
studied. Even with good access to 
evidence-based care, 11-23% of children 
in various geographic clusters were 
under-immunized. About half of the 
non-vaccination was related to refusal of 
vaccines by the families, not because of 
problems with access to care.3

The Internet-connected public is 
bombarded with mis-information 
about vaccines. As infectious disease 
professionals, we must advocate for 
scientifically accurate public discussions.4 
We must advocate for appropriate measles 
vaccination and educate families about the 
risks of delayed and missed vaccination. 
Refusal of measles vaccination can be life-
threatening. The most recent worldwide 
data from the World Health Organization 
suggest that someone dies of measles every 
four minutes.5

In the not-always-magic and not-always-
amusing “kingdom” where we live, 
measles still happens. We must continue 
to educate and advocate to ensure that 
all susceptible individuals get appropriate 
measles vaccination.  
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ABSTRACT & COMMENTARY

Combination Therapy for Invasive 
Aspergillosis in Patients with Hematologic 
Malignancies or Hematopoeitic Cell 
Transplants 
By Richard R. Watkins, MD, MS, FACP

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

Dr. Watkins has received research support from Forest Laboratories.

SYNOPSIS: In an evaluation of the primary endpoint, all-cause mortality at 6 weeks, there was no statistically significant difference between 
treatment with voriconazole alone or in combination with anidulafungin in patients with invasive aspergillosis and hematologic malignancies 
or hematopoietic stem cell transplants.

SOURCE: Marr KA, et al. Combination antifungal therapy for invasive aspergillosis. Ann Intern Med 2015;162:81-89.

Invasive aspergillosis (IA) is a serious infection 
that usually occurs in patients with compromised 

immune systems. Those with hematologic 
malignancies and hematopoietic cell transplants have 
a particularly high risk for developing IA. A number 
of antifungal drugs are available to treat IA, and 
monotherapy with voriconazole is currently the most 
often prescribed. Previous studies have suggested that 
combination antifungal therapy may lead to better 
outcomes. Marr and colleagues sought to determine 
whether combination therapy with voriconazole 
and anidulafungin would improve overall mortality 
compared to voriconazole monotherapy.

The study was a randomized, double-blind, placebo-
controlled, multi-center investigation funded by the 
manufacturer of voriconazole and anidulafungin. 
It included patients aged 16 years or older with an 
underlying hematologic malignancy or hematopoietic 
cell transplant diagnosed with possible, probable, or 
proven IA based on consensus criteria. Those with a 
possible diagnosis had to be upgraded on the basis 
of microbiology data within the first week in order 
to continue in the study. Subjects were randomly 
assigned in a 1:1 ratio to receive voriconazole with 
anidulafungin or a placebo for a minimum of two 
weeks; those given voriconazole monotherapy 
received it for at least six weeks. The primary end 
point was all cause mortality at six weeks. Secondary 
end points included all-cause mortality at 12 weeks 
and six-week mortality in the following subgroups: 
HCT recipients, HAL match and relatedness of donor 

among allogeneic HCT recipients, conditioning 
intensity for allogeneic HCT, receipt of high-dose 
corticosteroids for graft-vs-host disease, neutropenia 
at diagnosis (absolute neutrophils count < 0.5 x 
109 cells/L), and geographic region. An external 
data review committee (DRC) that was blinded to 
the study drug assignments decided on the global 
response to therapy, which was defined as complete 
response, partial response, stable disease, or failure.

A total of 459 patients were enrolled in the study 
from 93 sites in 24 countries. Of these, the DRC 
confirmed probable or proven IA in 277 patients 
(the modified intention-to-treat population [mITT]); 
135 received combination therapy and 142 received 
monotherapy. Acute myelogenous leukemia was the 
most common underlying condition, 30% had a 
HCT, and 60% were neutropenic when they entered 
the study. The median duration of combination 
therapy was 14 days (range, 1 to 29); the median 
duration of voriconazole alone was 42 days (range, 
1 to 48). In the primary analysis, mortality at six 
weeks in the mITT group was 19.5% (26 of 135) 
for combination therapy and 27.8% (39 of 142) for 
monotherapy (P = 0.087). Mortality at 12 weeks 
was 29.3% (39 of 135) for combination therapy and 
39.4% (55 of 142) for monotherapy (P = 0.077). In 
the ITT population, which included patients who did 
not have a confirmed diagnosis of IA, the mortality 
at six weeks did not differ between combination 
and monotherapy (20.6% and 23.5%, respectively). 
Multivariate analysis identified low Karnofsky score 
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(a commonly used performance score in oncology 
that ranges from 100-normal to 0-dead), low platelet 
count, and high serum galactomannan antigen at 
baseline as independent predictors of mortality 
at six weeks. A post-hoc analysis of mortality on 
patients with probable IA based on radiographic 
abnormalities and galactomannan positivity found 
all-cause mortality to be 15.7% (17 of 108) in the 
combination therapy group compared to 27.3% 
in the monotherapy group (30 of 110, P = 0.037). 
Adverse events were similar with combination and 
monotherapy, with more patients in the combination 
therapy group developing hepatobiliary adverse 
events than in the monotherapy group (12.7% vs. 
8.4%, respectively.)

  COMMENTARY
This was a large study that involved an impressive 
number of clinical sites (93) and countries (24). The 
investigators are to be commended for using all-cause 
mortality at six weeks as their primary endpoint 
instead of global response, which is the traditional 
endpoint used in most studies on IA. However, the 
present study found no significant difference in 
mortality between monotherapy and combination 
therapy for IA. Although a significant reduction in 
mortality was seen with combination therapy in 
patients with probable IA, this was determined by 
post-hoc analysis. Thus, the data do not provide 
conclusive evidence of superiority for combination 
therapy. The safety of the two regimens was very 
similar, which is not surprising since echinocandins 

are a relatively safe class of antimicrobials with few 
drug interactions and side effects. The additional cost 
of anidulafungin (approximately $2,550 for a two-
week course per www.goodrx.com, accessed 2/1/15) 
is an important concern, especially in the present 
health care environment in which cost-containment is 
paramount.

The major limitation of the study was that the 
outcomes for patients with IA were worse than the 
investigators anticipated, thus making the power to 
detect a treatment difference lower than expected. 
The inclusion criteria were designed to measure 
treatment in patients with low risk of death. It seems 
possible that had these criteria been less stringent and 
included a more heterogeneous mix of patients, the 
outcomes may have favored combination therapy. 
This hypothesis could be evaluated in future trials. 
Also, the study by Marr and colleagues lends further 
support to use of galactomannan antigen testing to 
diagnose IA earlier in its course when therapy would 
presumably be more efficacious.

In conclusion, combination therapy cannot yet be 
recommended for IA. Additional studies are needed 
to determine which patients with IA would most 
benefit from combination therapy. I strongly agree 
with the investigator’s contention that future trials 
include mortality as the primary endpoint and not the 
more nebulous concept of global response.  

ABSTRACT & COMMENTARY

Deworming Is Beneficial in HIV-infected 
Patients
By Dean L. Winslow, MD, FACP, FIDSA

Dr. Winslow is Clinical 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: 988 HIV-infected pregnant women receiving ART in sub-Saharan Africa were treated with albendazole in a targeted or non-
targeted fashion. Albendazole therapy was associated with favorable changes in hemoglobin levels, CD4 counts, and viral loads, particularly 
in patients with helminth infections.

SOURCE: Ivan E, et al. Effect of deworming on disease progression markers in HIV-1-infected pregnant women on antiretroviral therapy: 
A longitudinal observational study from Rwanda. Clin Infect Dis 2015;60:135-142.

Nine hundred eighty-eight HIV-infected women 
receiving ART were examined at two visits 

during pregnancy and two postpartum visits. Women 
were treated with antimalarials when malaria-
positive. Four hundred sixty-seven women were 

randomized to targeted treatment with albendazole 
(treated only when helminth stool screening was 
positive). Five hundred thirteen patients were 
randomized to non-targeted albendazole treatment 
(treatment at all time points regardless of results of 
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Ceftolozane/Tazobactam — Formulary 
Considerations
By Abraham Chang, PharmD

Dr. Chang is a PharmD resident at Stanford University.

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

GENERIC NAME: Ceftolozane/tazobactam

TRADE NAME: ZerbaxaTM

FDA APPROVAL DATE: December 19, 2014

U.S. FDA-APPROVED INDICATIONS
• Treatment of patients 18 years or older with the 
following infections caused by designated susceptible 
microorganisms:
• Complicated Intra-abdominal Infections: 
Enterobacter cloacae, Escherichia coli, Klebsiella 
oxytoca, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Bacteroides fragilis, 
Streptococcus anginosus, Streptococcus constellatus, 
and Streptococcus salivarius
• Complicated Urinary Tract Infections, including 
pyelonephritis: Escherichia coli, Klebsiella 
pneumoniae, Proteus mirabilis, and Pseudomonas 
aeruginosa

PHARMACOLOGY
Ceftolozane is a cephalosporin with a chemical 
structure similar to ceftazidime. The modified side-
chain confers steric hindrance between ceftolozane 
and entry gate to the 3-position side-chain binding 

pocket at β-lactamase active site, preventing 
hydrolysis and granting stability against AmpC 
β-lactamase-overproducing P. aeruginosa.

Ceftolozane has potent activity against P. aeruginosa 
due to its ability to evade many resistance 
mechanisms, including efflux pumps, reduced 
uptake through porins, and modifications of PBP. 
Ceftolozane has activity against Gram-negative 
bacteria with classical β-lactamases (TEM-1, SHV-1), 
but is compromised by ESBL and carbapenemases.

The addition of tazobactam extends activity to 
include most ESBL producers as well as some 
anaerobic species. However, ceftolozane/tazobactam 
is not active against bacteria that produce serine 
carbapenemases (KPC) and metallo-beta lactamases. 

PHARMACOKINETICS
Plasma levels do not increase appreciably following 
multiple IV infusions of up to ceftolozane/tazobactam 
2 g/1 g q8h for up to 10 days in healthy adults 
with normal renal function. The elimination half-
life is independent of dose. The human plasma 
protein binding of ceftolozane and tazobactam 
is approximately 16-21% and 30%, respectively. 

helminth stool screening). Baseline prevalence of 
helminth infection was about 35% in both groups 
(Ascaris 21%, T. trichiura 7%, hookworm 6%).  

Hemoglobin levels rose significantly from visit 1 to 
visit 2 in both groups and peaked at visit 3, then 
fell in both groups by visit 4. CD4 counts rose 
significantly in both treatment groups and appeared 
to be significantly higher at visit 4 in the non-targeted 
group. The prevalence of detectable HIV RNA 
dropped from 9% at visit 1 to 4.7% at visit 4 in the 
non-targeted group and from 9.4% to 3.6% in the 
targeted group.

  COMMENTARY
Helminthic infections result in a large burden of 
disease in the developing world. Even in HIV-
uninfected children and adults, the iron deficiency 
anemia resulting from helminth infection is 

responsible for significant morbidity. Antihelminthic 
therapy may be one of the most cost-effective 
interventions we have. This study is exciting in 
that it demonstrates that albendazole treatment of 
HIV-infected pregnant women is beneficial without 
the need for expensive microscopic screening 
for helminthic infection. In addition to reducing 
anemia, albendazole significantly positively impacted 
immunologic and virologic control of these women’s 
HIV disease. While the mechanism of this beneficial 
effect was not elucidated in these studies, it is 
likely that deworming positively affected mucosal 
integrity, reducing microbial translocation and may 
have reduced levels of elevated pro-inflammatory 
cytokines, which have been shown to up-regulate 
HIV replication. Further studies to elucidate the 
mechanisms responsible for the beneficial effect of 
albendazole would be of great interest.  
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The mean steady-state volume of distribution 
of ceftolozane and tazobactam was 13.5 L and 
18.2 L, respectively, similar to extracellular fluid 
volume. Ceftolozane is eliminated in urine as 
unchanged parent drug and is not metabolized 
to any appreciable extent. The beta-lactam 
ring of tazobactam is hydrolyzed to form the 
pharmacologically inactive tazobactam metabolite 
M1. 

ADVERSE EFFECTS
The most common adverse reactions (greater than 
5% of patients) in patients were nausea, diarrhea, 
headache, and pyrexia. In the cIAI trials (phase 2 
and 3), death occurred in 2.5% of patients receiving 
ceftolozane/tazobactam and in 1.5% of patients 
receiving meropenem. The causes of death varied 
and included worsening and/or complications of 
infection, surgery, and underlying conditions.

CONTRAINDICATIONS/WARNINGS/
PRECAUTIONS
Contraindications

• Contraindicated in patients with known 
hypersensitivity to ceftolozane/tazobactam, 
piperacillin/tazobactam, or other members of the 
beta-lactam class.

Warnings/Precautions
• Decreased efficacy in patients with baseline CrCl 
of 30 - ≤ 50 mL/min: Subgroup analysis of a phase 
3 cIAI trial found clinical cure rates were lower in 
patients with baseline CrCl of 30 - ≤ 50 mL/min 
compared to those with CrCl ≥ 50 mL/min. A similar 
trend was also seen in the cUTI trial.
• Hypersensitivity: Serious and occasionally fatal 
hypersensitivity (anaphylactic) reactions have 
been reported in patients receiving beta-lactam 
antibacterial drugs.
• Clostridium difficile-associated diarrhea: 
Clostridium difficile-associated diarrhea has been 
reported for nearly all systemic antibacterial agents, 
including ceftolozane/tazobactam. 
• Development of Drug-Resistant Bacteria: 
Prescribing ceftolozane/tazobactam in the absence 
of a proven or strongly suspected bacterial infection 

Pharmacokinetics
PK parameters Ceftolozane/Tazobactam (1 g/0.5 g q8h)

Ceftolozane Tazobactam

Day 1 (n = 9) Day 10 (n = 10) Day 1 (n = 9) Day 10 (n = 10)

Cmax (mcg/mL) 69.1 74.4 18.4 18

tmax (h) 1.02 1.07 1.02 1.01

AUC (mcg*h/mL) 172 182 24.4 25

t½ (h) 2.77 3.12 0.91 1.03

CLINICAL TRIALS/EVIDENCE SUMMARY
Trial Patient Population Intervention Efficacy Results Adverse Effects

ASPECT-cUTI
Phase 3, multi-
center, prospec-
tive, double-blind, 
randomized study

N =1068  hospital-
ized, adult patients 
with cUTI, including 
pyelonephritis

Ceftolozane/ tazo-
bactam 1.5 g IV q8
 vs 
Levofloxacin 750 
mg IV q24h 
x 7 days

TREATMENT 
ARMS

MMITT 
N

MMITT 
CURE

ME
N

ME 
CURE

Ceftolozane/ 
tazobactam

398 76.9% 341 83.3%

Levofloxacin 402 68.4% 353 75.4%

Ceftolozane/tazobactam met primary and 
secondary endpoints achieving non-inferiority to 
levofloxacin with regard to composite clinical and 
microbiological cure.

The most com-
monly reported 
adverse events were 
headache (5.8%), 
constipation (3.9%), 
hypertension (3%), 
nausea (2.8%), and 
diarrhea (1.9%)

ASPECT-cIAI
Phase 3, multi-
center, prospec-
tive, double-blind, 
randomized study

N = 993 hospitalized, 
adult patients with 
cIAI

Ceftolozane/ tazo-
bactam 1.5 g IV q8 
+ Metronidazole 
500 mg IV q8h
 vs 
Meropenem 1 g 
IV q8h
x 4-14 days

TREATMENT 
ARMS

MMITT 
N

MMITT 
CURE

ME
N

ME 
CURE

Ceftolozane/ 
tazobactam + 
metronidazole

389 83% 275 94.2%

Meropenem 417 87.3% 321 94.7%

Ceftolozane/tazobactam met primary and second-
ary endpoints achieving non-inferiority to merope-
nem with regard to clinical cure.

The most com-
monly reported 
adverse events were 
nausea (7.9%), diar-
rhea (6.2%), pyrexia 
(5.2%), insomnia 
(3.5%), and vomit-
ing (3.3%).

cUTI = complicated urinary tract infection; cIAI = complicated intra-abdominal infection; mMITT = microbiological modified intent-to-treat; 
MITT = microbiological intent-to-treat; ME = microbiologically evaluable
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is unlikely to benefit the patient and risks the 
development of drug-resistant bacteria.

Pregnancy and Lactation Information
• Pregnancy category B: Embryo-fetal development 
studies performed with IV ceftolozane in mice and 
rats revealed no evidence of harm to fetus.
• It is not known whether ceftolozane or tazobactam 
is excreted in human milk. 

DRUG INTERACTIONS
No significant drug-drug interactions are anticipated 
between ceftolozane/tazobactam and substrates, 
inhibitors, and inducers of cytochrome P450 
enzymes.

DOSAGE AND ADMINISTRATION1

Recommended dose
• cIAI: 1.5 g IV every 8 hours infused over 1 hour for 
4-14 days.
• cUTI: 1.5 g IV every 8 hours infused over 1 hour 
for 7 days.
• Patients with renal impairment
 o CrCl: 30-50 mL/min: 750 mg IV every 8 
hours.
 o CrCl: 15-20 mL/min: 375 mg IV every 8 
hours.
 o ESRD on HD: A single loading dose of 
750 mg IV followed by 150 mg IV every 8 hours. 
On hemodialysis days, administer dose at the earliest 
time following completion of dialysis.

CONCLUSIONS
Ceftolozane/tazobactam is a cephalosporin and 
β-lactamase inhibitor combination with activity 
against multidrug-resistant gram-negative bacilli, 
including ESBL-producing Enterobacteriaceae and 
drug-resistant P. aeruginosa. It possesses a safety 
and tolerability profile similar to other β-lactam 
antibiotics. However, its lack of activity against KPC 
and MBL enzymes is a limitation.  
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Cost
How Supplied Average Wholesale 

Price (each vial)
Usual Dose Cost of Therapy per 

day

Ceftolozane/ tazobactam 1.5 g vials $99.60 1.5 g q8h $298.80

Meropenem 1 g vials $18.48 1 g q8h $55.44

ABSTRACT & COMMENTARY

Antibiotics for Traveler’s Diarrhea?
By Philip R. Fischer, MD, DTM&H

Dr. Fischer is 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: Foreign travel is associated with travelers’ diarrhea and the intestinal acquisition of extended-spectrum beta lactamase-producing 
Enterobacteriaceae, especially when travel is to South Asia. The risk of acquisition of resistant flora was almost doubled when antibiotics 
were used to treat the episode of diarrhea.

Source: Kantele A, Laaveri T, Mero S, et al. Antimicrobials increase travelers’ risk of colonization by extended-spectrum betalactamase-
producing Enterobacteriaceae. Clin Infect Dis doi: 10.1093/cid/ciu957, published online 1-21-2015.
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Realizing that international travel is associated with 
the acquisition of antibiotic-resistant intestinal 

flora and wanting to better characterize specific risk 
factors for that colonization, Finnish investigators 
evaluated 430 international travelers. Prior to travel, 
1% were already colonized with extended-spectrum 
betalactamase-producing Enterobacteriaceae (ESBL-
PE). Following travel, 21% were colonized with 
ESBL-PE. Of travelers to South Asia, 46% became 
colonized as compared to 33% of travelers to 
Southeast Asia, 33% of travelers to North Africa 
and the Middle East, and 12% of travelers to sub-
Saharan Africa. During the study, 67% of travelers 
had an episode of diarrhea, and 26% of those who 
developed diarrhea became colonized with ESBL-PE. 
Of the 18% of travelers with diarrhea who treated 
the diarrhea with an antibiotic, 46% became ESBL-
PE-positive (as opposed to 29% of those who used an 
antibiotic for something other than diarrhea during 
the trip). Interestingly, only 6% of pediatric travelers 
became colonized with ESBL-PE. Based on these 
results, the authors advise against using antibiotics 
for mild or moderate travelers’ diarrhea.  

  COMMENTARY
Multi-drug resistant Gram-negative intestinal 
organisms are increasingly problematic. 
Betalactamase-producing organisms have existed for 
millennia, but extended-spectrum betalactamases 
were first described in Europe in the 1980s.1 
Infections by these organisms are associated with 
relative increases in both morbidity and mortality in 
adults.1 

A review of pediatric studies during the past decade1 
indicates that colonization with ESBL-PE is less 
common in North America (but increasing form 
0.3% in 2000 to 0.9% in 2010) than in Europe 
(3-7% in France and Sweden, but 24% in Spain). 
Colonization rates in South America have been 
around 12%. Among sick patients in Asia and Africa, 
much higher rates of ESBL-PE are identified.1

Millions of people travel internationally each 
year, and international travel is a well-recognized 
risk for acquisition of ESBL-PE. Among travelers 
returning home to Germany, 30% had acquired 
ESBL-producing E. coli, and 9% had acquired ESBL-
producing Klebsiella pneumoniae.2 In that study, 
the greatest risk of acquisition of ESBL-PE was with 
travel to India (73%) and Southeast Asia (48%), and 
risk was greatest in those who developed diarrhea 
during their travel.2 In a study from New York, 
1.7% of travelers were colonized with ESBL-PE prior 
to their travel, and 25% acquired ESBL-PE during 
travel.3

Infections with ESBL-PE are related to increased 
morbidity and mortality. There is concern that 
acquisition of ESBL-PE during travel could increase 
the travelers’ risk of subsequent severe infection and 
that the resistant organisms could also be spread 
to post-trip contacts of the travelers. In the New 
York study, locally acquired ESBL-PE samples from 
hospitalized patients were not the same organisms 
as found near the same time in returning travelers.3 
However, a Norwegian study reported that recent 
travel was a risk factor for developing ESBL-PE 
urinary tract infections.4 Thus, the risk of resistant 
infection related to travel-associated colonization is 
real.

How long do travel-acquired ESBL-PE persist? In the 
German study, only 9% of travelers who acquired 
ESBL-PE were still positive 6 months later.2 There are 
real risks of spreading these germs following travel, 
and travel-related illness has been reported; however, 
the resistant germs usually do not persist very long 
after travel.  

Certainly, travelers should be advised to apply 
rigorous food, beverage, and hand hygiene measures. 
Unfortunately, self-reported compliance with these 
efforts was not related to any difference in risk of 
acquiring ESBL-PE in either the Finnish or German2 
study.

It is unknown if the choice of antibiotic for 
treatment of travelers’ diarrhea relates to the risk of 
colonization with ESBL-PE. However, none of the 
commonly used presumptive treatments (quinolones, 
azithromycin) is a beta lactam antibiotic. It is most 
likely that any antibiotic can alter the underlying 
intestinal flora so that subsequently ingested ESBL-
PE can then colonize the travelers’ intestines. 
All antibiotic use should be judicious. Previous 
fluoroquinolone treatment was also a risk factor 
for ESBL-PE infection in French intensive care unit 
patients.5

Interestingly, children were less likely to acquire 
ESBL-PE in the study of Finnish travelers. Of course, 
this does not mean that children are not at some 
risk.1 In a study of very low birth weight babies, 
maternal colonization was a significant risk factor for 
infant colonization.6

Pending further study, the authors’ caution seems 
wise as we provide pre-travel consultation. Most 
bouts of travelers’ diarrhea are self-limited; they are 
bothersome but not life-threatening. For travelers 
who develop diarrhea, antibiotics should only be 
used when truly necessary.  
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Updates
By Carol A. Kemper, MD, FACP

The Problem of Diagnosing TB  

in Children

Starke JR and Committee on Infectious Diseases. Interferon-gamma release 
assays for diagnosis of tuberculosis infection and disease in children. Pediatr 
2014;134:1763-1773.

From 2008-2010, nearly one-third (31%) 
of children in the United States with active 

tuberculosis (TB) were foreign-born. Among 
those who were U.S.-born, 86% had at least one 
foreign-born parent, and three-fourths had some 
international connection, through family or travel. 

Detection of latent or active tuberculosis in children 
presents problems different from that of adults. Both 
the tuberculin skin test (TST) and the interferon-
gamma release assays (IGRA) have limitations — 
although less is known about the use of IGRAs in 
children. Many of the studies of the comparative 
sensitivity of theses assays were conducted outside 
of the United States — where the risks of latent 
infection and underlying health conditions affect the 
interpretation/sensitivity of the assays. Part of the 
problem is the only real way to test the accuracy of 
the IGRA assays is to observe untreated children with 
clear exposure — which doesn’t happen, at least not 
in the United States. And, in children with active TB 
disease, microbiologic diagnosis is often lacking — 
much of the treatment is pre-emptive or empiric.  

In examining various publications and meta-analysis 
of the use of IGRAs in children, the strongest and 
most consistent finding is that IGRAs work better in 
kids with latent TB (LTBI) than in those with active 
TB — especially in settings of low risk and higher 

rates of BCG vaccination.  

Observations of pooled specificity for the 
Quantiferon TB Gold test (QTF) compared with TST 
in unvaccinated children are reported to be 95% vs 
93%, respectively. In contrast, in BCG-vaccinated 
children, the pooled specificity for the two tests was 
89% vs 49%. Of 207 children in New York City 
with a positive TST, only 23% had a positive QTF, 
although a positive QTF more strongly correlated 
with exposure. Nonetheless, because the risks of 
active TB infection in children are so much greater, 
many providers will treat a positive TST in a child 
with exposure irrespective of the QTF test results. 
Among 55 children in Montreal with household 
exposure and a positive TST, 52 received isoniazid 
— a negative QTF result altered the treatment course 
in only 3 cases. Thus, because the risk of progression 
to active TB outweighs the risk of treatment in most 
cases, the decision to treat a child with exposure and 
a positive TST and a negative QTF is based on the 
clinical assessment of exposure risk and age of the 
child.  

Sensitivity of the IGRAs in children compared 
with TST is more difficult to determine — and is 
essentially derived from studies of children with 
active TB. Reported sensitivity results for all TB 
disease in children range from 57-96% for QTF, 40-
100% for the TSPOT-TB test, and 43-100% for TST. 
All three tests were less sensitive in children with 
active TB than in those with LTBI. At least two meta-
analyses suggest that IGRAs are even less sensitive in 
children with higher TB burden — and should not be 
used to rule-out the possibility of TB disease. 

Indeterminate IGRA test results in children occur 
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for a number of reasons, including operator error 
(the tubes may be shaken too hard), or patients may 
have underlying medical conditions, such as malaria, 
hepatitis, malnutrition, or parasitic infections, that 
render the response to the control well insufficient (a 
negative control renders the test “uninterpretable” 
or indeterminate). Studies have documented a 
higher frequency of indeterminate IGRA test results 
in children compared with adults. Two studies 
conducted in children in Croatia and in Greece found 
that indeterminate test results were more frequent in 
younger children (those younger than 5 years of age) 
(8.1%) compared with older children (2.7%), but the 
tests behaved otherwise similarly. 

Immunocompromised children: In general, both TST 
and IGRA perform poorly in children with HIV-
infection or underlying immunosuppressive disease, 
similar to that observed in adults. Three systematic 
reviews suggest that TSPOT-TB test may be more 
sensitive than the QTF in children with HIV (72% vs 
61%), but neither performed better than TST. Earlier 
studies suggested that the IGRAs had diminished 
sensitivity in younger children (those younger than 
5 years of age), but the data have been inconsistent 
and muddied by the fact that very young children 
are more likely to quickly progress to active TB with 
larger burdens of infection. Of 397 South African 
children younger than 3 years of age suspected of 
having active TB, the sensitivity of the QTF was 38% 
compared with 35% for traditional TST testing. 
Better results may be observed in healthier children 
with lower rates of malnutrition, but the small 
numbers of such children in developing countries 
make such observations difficult. 

In summary: 
• A positive IGRA in a child should be viewed as 
consistent with TB infection, but, similar to that in 
adults, does not correlate with disease activity; 
• Children should be treated for household exposure 
if either a TST or IGRA is positive, especially if they 
are younger than the age of 5. 
• Children younger than 5 years of age are more 
likely to have indeterminate test results than adults, 
and repeating the test is not likely to be of value. 
Such children with household exposure should 
receive empiric treatment.  
• And finally, a negative IGRA should NEVER be 
used to rule-out active TB in a child. The sensitivity 
of the assay in children with active TB is too low.  

How Best to Treat Latent TB?

Stagg HR, et al. Treatment of latent tuberculosis infection: A meta-analysis.   
Ann Intern Med 2014;161(6):419-428.  

The most widely accepted treatment of latent TB 
infection (LTBI) is 6 to 9 months of isoniazid. 

Nine months of INH is recommended in the United 
States — although recent data suggest that a 
combination of weekly INH and rifapentine for 12 
weeks may be more effective and less toxic than the 
standard approach — but this approach requires 
directly observed therapy on a weekly basis for three 
months. In order to examine the most effective and 
least toxic regimens in current use for the treatment 
of LTBI, a meta-analysis was performed, using 1516 
published articles and 53 different studies. Data 
on 15 different treatment regimens were available, 
although direct comparative treatment data were 
available for only a few. Only 45 studies contained 
data on progression to TB, and 25 contained data 
on hepatotoxicity. Twelve studies examined only 
household contacts of patients with pulmonary TB; 
only one was performed in health care workers; and 
5 studies included children. Only 8 studies contained 
a non-treatment control arm.

Fifteen LTBI regimens were compared through a 
series of complex models (using MTC modeling), 
including various durations of INH; rifampin as a 
single agent for 3-4 months; combinations of INH 
and rifampin for 3-4 months; combination INH and 
rifapentine weekly for 3 months; and combinations 
containing PZA for various time periods. At least 40 
different comparisons were made. Combinations of 
INH-rifabutin (utilizing different doses of rifabutin) 
ranked highest in efficacy, although the confidence 
intervals were quite wide. The INH-rifampin-PZA 
regimens ranked third in efficacy. And the use of 
either rifampin for 3-4 months or INH-rifampin for 
3-4 months also ranked high. Regimens of INH for 
12 months or longer also ranked high.  

On the other side of the analysis were the results of 
hepatotoxicity (HT), for which the data were more 
limited. Data were available for only 20 comparisons, 
but nonetheless proved interesting. Lower rates of 
HT were observed for rifampin alone or for the 
combination of INH-rifapentine — both of which 
were significantly lower than that for INH for either 
6 or 9 months (or for INH for 12-72 months). 
Shorter courses of INH-rifampin had less toxicity 
than INH for 12-72 months. Regimens containing 
PZA had the highest rates of HT, even when 
compared with INH-rifapentine.  

A total of 5 deaths were reported for all of the 
publications, at least 4 of which occurred in patients 
receiving INH for 12 months or longer. The degree to 
which the LTBI regimen contributed to the death was 
not always apparent. 
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This meta-analysis suggests that LTBI regimens 
containing a rifamycin are generally more effective 
and less hepatotoxic than those using INH for 
9 months or longer. Given the long half-life of 
rifapentine, weekly observed administrations of 
combination INH-RPT for three months may turn 
out to be the most effective and least toxic regimen. 
Studies of non-directly observed weekly INH-RFP 
are in progress. It is, however, important to recognize 
that increasing rates of INH and rifampin may alter 
the relative benefits observed in these studies. In our 
area, baseline resistance to INH and rifampin are 
running about 4 and 17%, respectively. 

Transmission Risk in Smear-negative TB

O’Shea MO, et al. Time-to-detection in culture predicts risk of Mycobacte-
rium tuberculosis transmission: A cohort study. Clin Infect Dis 2014;59(2):177-
185.  

Sputum acid-fast smears are a fairly quick and 
widely used method for screening patients with 

possible active TB — and have been used as a 
marker of infectivity for more than a hundred years. 
But the technique has some distinct shortcomings. 
Smears are able to detect approximately 5,000 to 
10,000 organisms per mL sputa — so a lot has to 
do with the specimen provided and the degree of 
TB involvement. This number of colony-forming 
units generally corresponds to more severe TB 
involvement — at a minimum, a very large infiltrate, 
multi-lobar involvement, or cavitary disease. This 
limits its utility in other cases of pulmonary TB. It 
is also time intensive and subject to the availability 
and skill of the microbiology technician. And in 
patients on treatment, it cannot distinguish between 
viable organisms in sputa or non-viable organisms. In 
contrast, the newer automated liquid culture systems 
are much more sensitive, and able to detect 10-100 
cfu/mL.  

Further, increasing data suggest that sputum 
smears may not be the best marker of contagious 
risk — smear-negative cases of TB may, in fact, 
transmit infection to others. In this study conducted 
in Birmingham, England, in 2010, risk factors 
for transmission were examined for 184 cases of 
pulmonary TB, including time to culture detection 

and chest radiographs, graded for disease severity. 
(Grading of chest radiographs were as follows: 
0 for normal, 1 for adenopathy, 2 focal area of 
consolidation, 3 bilateral focal consolidation, 4 
unilateral cavity, 5 bilateral cavity, and 6 miliary 
disease). Sputum samples were cultured for up to 
70 days (10 weeks) using the BACTEC-MGIT-960 
system. Time to culture detection was grouped into 
shorter (< 9 days) and longer (> 9 days) durations. 
Organisms from both index cases and subsequent 
cases were analyzed using newer molecular 
techniques, and clusters of microbiologically 
confirmed cases were identified.  

Including only those patients with confirmed positive 
sputum cultures and excluding those with HIV 
infection, a total of 111 index cases were evaluated. 
More than half the index cases were smear-positive 
(51.5%), and the median time to culture-detection 
was 13 days. These cases resulted in 1246 contacts, 
of which 825 completed screening. Of these, 148 
(17.9%) were diagnosed with latent TB and 17 
(2.1%) were diagnosed with active TB — giving an 
overall transmission rate of 0.2. 

The risk of transmission strongly correlated with time 
to culture-detection (TTD) — and was more than 
double for patients with short TTD compared with 
long TTD (0.32 vs 0.15). Smear-negative index cases 
resulted in 37/148 (25%) of all latent infections and 
3/17 (17.3%) of new active cases. A strong inverse 
collection was also observed between TTD and the 
higher grades of chest radiographs — every 1+ point 
increase in severity grade correlated with a 3.2 day-
decrease in TTD (p < .0001). Only 2 of the 66 smear-
negative cases had TTD < 9 days — compared with 
35/70 smear-positive cases.  

Sputum smears may not be the best marker of 
infectivity. This study indicates that 25% of smear-
negative cases resulted in transmission of infection 
to others. Only 7 smear-negative cases had TTD 
of < 9 days — but smear-negative cases resulted 
in a total of 40 new cases of latent and active TB. 
Grading of chest radiographs and time to sputum 
culture positivity appear to be better predictors of 
contagiousness.  

Pharmacology Watch and Clinical Briefs in Primary Care Available Online
The current issues of Pharmacology Watch and Clinical Briefs in Primary Care are now available exclusively by e-
mail or online. You can access these valuable supplements to Infectious Disease Alert at http://www.ahcmedia.
com/supplements/. We will send a PDF copy of the supplements to you by e-mail if you prefer. Please send 
an e-mail with your name and/or subscriber number to customerservice@ahcmedia.com with Digital AHC 
Supplements in the subject line. We welcome your feedback and appreciate your continued support as a 
subscriber to Infectious Disease Alert. 
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CME INSTRUCTIONS

Upon completion of this educational activity, participants should be able to:

• discuss the diagnosis of infectious diseases; 
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tional diagnostic tests; and 
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1. Which of the following is true regarding measles 
in the United States?

A. It continues to exist because of ineffective 
vaccines.

B. It is transmitted by body fluid exposure.

C. It frequently begins in Amish communities. 

D. It is easily prevented in at least 99% of 
people who receive two vaccine doses.

2. During foreign travel, colonization with 
extended spectrum betalactamase-producing 
Enterobacteriaceae is associated with:

A. travel to India

B. adult (versus pediatric) age

C. having diarrhea

D. receiving an antibiotic for diarrhea

E. all of the above

3. Which of the following is correct 
regarding ceftolozane/tazobactam?

A. It is potentially active against 
carbapenemase-producing organisms.

B. It is active against many Pseudomonas 
aeruginosa isolates that are resistant to a 
variety of antibiotics.

C. It exhibits a number of significant drug-
drug pharmacokinetic interactions.

D. It is dosed once daily in patients with 
normal renal function.


