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ABSTRACT & COMMENTARY

It Was Inevitable: mcr-1 in the United States
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: Plasmid-mediated resistance to colistin has been detected in the United States for the first time, raising concern about its 
potential for rapid dissemination.

SOURCE: McGann P, Snesrud E, Maybank R, et al. Escherichia coli harboring mcr-1 and blaCTX-M on a novel IncF plasmid: First report 
of mcr-1 in the USA. Antimicrob Agents Chemother 2016 May 26. pii: AAC.01103-16. [Epub ahead of print].

A 49-year-old woman with symptoms of a 
urinary tract infection presented to a  
 military outpatient facility in Pennsylvania 

on April 26, 2016. Culture yielded Escherichia coli 
and the isolate was evaluated at the Walter Reed 
National Military Medical Center (WRNMMC), 
where it was found to have an ESBL phenotype. 
As part of a surveillance project, beginning in May 
2016, all such isolates at WRNMMC are tested 
for susceptibility to colistin, and the woman’s 
isolate proved to be resistant with a MIC of 4 mcg/
mL. Real-time PCR identified the presence of the 
plasmid-mediated gene encoding resistance to the 
polymyxins (polymyxin B and colistin), mcr-1. 

Whole genome sequencing (WGS) demonstrated 
that the isolate belonged to a rare sequence type 
(ST457) and carried a total of 15 antibiotic 
resistance genes on two plasmids, but none of 
the genes encoded a carbapenemase. The isolate 
was resistant to aminoglycosides, aztreonam, 
cephalosporins, fluoroquinolones, tetracycline, 
and trimethoprim-sulfamethoxazole, but was 
susceptible to nitrofurantoin, piperacillin-
tazobactam, and carbapenems (including 
ertapenem).  

n COMMENTARY
A recent global survey of Enterobacteriaceae found 
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that 12.0% of carbapenemase-positive 
isolates were resistant to colistin.1 
Resistance to polymyxins has been 
known to be the result of alterations 
in lipid A as a consequence of non-
transferable chromosomal mutations, 
thus limiting their spread. Transmissible 
resistance to the polymyxins had not 
been known until early in 2016 when Liu 
et al reported the first isolation of mcr-1, 
which was discovered during routine 
surveillance of antibiotic resistance in 
E. coli recovered from farm animals in 
China.2,3 They demonstrated its presence 
on a plasmid that could be transferred 
across species and also identified the 
mechanism by which it caused resistance 
to colistin. They were able to detect the 
gene in E. coli in eight (15%) of 523 
samples of raw meat and 166 (21%) of 
804 animals during 2011–2014 and, 
importantly, in 16 (1%) of 1,322 isolates 
from hospitalized patients. This was 
followed by reports of the detection of 
mcr-1 in multiple countries, including 
Canada. The report by McGann and 
colleagues represents the first such 
detection in the United States.  

This detection of mcr-1 has triggered 
much activity. The Centers for Disease 
Control and Prevention (CDC) is 
collaborating with the Department of 
Defense, the Pennsylvania Department 
of Health, local health departments, 
and other organizations to identify 
close contacts, including household and 
healthcare contacts, of the Pennsylvania 
patient to determine whether any may 
have been at risk for transmission 
of the bacteria containing the mcr-
1 gene.4 To enhance monitoring of 
antibacterial resistance, the CDC’s 
Antibiotic Resistance Lab Network, 
beginning in the autumn of 2016, will 
provide infrastructure and laboratory 
capacity for as many as eight regional 
laboratories, as well as to laboratories 
in all 50 states and seven major cities or 
territories, to enhance the detection and 
response to antibiotic-resistant isolates 
from human samples.  

In the meantime, the USDA’s Agricultural 
Research Service has been screening 
specimens from farm animals for colistin 

resistance and found it in just 1 of 949 
samples. Resistance in this pig intestinal 
isolate was confirmed to be due to the 
presence of mcr-1, and the USDA is 
performing traceback to determine the 
farm of origin.5 In addition, the CDC 
and the FDA, using WGS, found the 
gene in none of > 44,000 Salmonella and 
9,000 Shigella isolates.  

The detection of mcr-1 in this country 
was inevitable, but the in-depth news 
seems to be better than may have been 
anticipated based on its prevalence in 
China and subsequent identification 
in multiple countries on at least three 
continents. China, however, uses an 
enormous amount of colistin in animal 
feed, while polymyxins are not used 
for this purpose in the United States. 
Nonetheless, the presence of a mcr-1 on 
a readily transmissible genetic element 
makes its transfer into an organism 
with pre-existing multidrug resistance 
also inevitable. In fact, the mcr-1 has 
been detected in organisms carrying 
carbapenemases, including NDM.5  n
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ABSTRACT & COMMENTARY

The Zoster Vaccine Rapidly Loses 
Effectiveness in Adults Over 60
By Richard R. Watkins, MD, MS, FACP

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

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

SYNOPSIS: An observational study from Kaiser Permanente Southern California showed that while the shingles vaccine reduces the risk of 
herpes zoster, there is a major decline in effectiveness over just eight years in older adults.

SOURCE: Tseng HF, Harpaz R, Luo Y, et al. Declining effectiveness of herpes zoster vaccine in adults aged ≥ 60 years. Clin Infect Dis 
2016;213:1872-1875.

Administration of the herpes zoster (HZ)  
 vaccine to adults ≥ 60 years of age has been 

part of routine clinical practice since 2006, based 
on recommendations from the Advisory Committee 
on Immunization Practices (ACIP). But subsequent 
research has questioned the long-term effectiveness 
of the vaccine. Therefore, Tseng and colleagues 
sought to clarify the amount of protection the HZ 
vaccine delivers for adults ≥ 60 years of age who 
were part of a large and diverse cohort.

Study participants were members of Kaiser 
Permanente Southern California and were identified 
through electronic medical records. There were two 
cohorts: 1) members who were vaccinated against 
HZ between 2007 and 2014 at the age of ≥ 60 years 
and 2) randomly sampled unvaccinated members 
≥ 60 years with similar demographics who were 
matched at a ratio of 3:1 to the vaccine cohort. 
Exclusion criteria included having an episode of 
HZ one year prior and 30 days after the index date 
or being immunocompromised, which included 
HIV infection, hematologic malignancies, or taking 
immunosuppressive agents one year before the index 
date. Vaccine effectiveness by follow-up year was 
estimated using 1-adjusted hazard ratio (HR).

The vaccinated cohort had 176,078 members 
and the unvaccinated cohort had 528,234. There 
were 8.0 cases/1,000 person-years (95% CI, 
7.8-8.2) of HZ in the vaccine group and 14.4 
cases/1,000 person-years (95% CI, 14.2-14.6) in 
the unvaccinated ones. Receiving the vaccine was 
associated with a reduced risk of HZ (adjusted HR, 
0.51; 95% CI, 0.49-0.52). The effectiveness of the 
vaccine declined each year of follow-up; at one year, 
it was 68.7% effective (95% CI, 66.3%-70.9%) but 
by year eight, it was down to 4.2% (95% CI, -24% 

to 25.9%). The cumulative risk for developing HZ 
in the vaccinated group over the eight-year period 
was 7.0% vs. 10.5% in the unvaccinated group  
(P < 0.05).

n COMMENTARY
This large study showed that the beneficial effect 
of the HZ vaccine declines rapidly, and after eight 
years seems to offer little protection. Nevertheless, 
receiving the vaccine was still better in terms of 
HZ protection than being unvaccinated. Therefore, 
the current recommendation that adults > 60 years 
of age receive the HZ vaccine is still valid. But 
the study raised an important question: Should 
revaccination be considered, especially since 
increasing age heightens the risk for HZ? If so, 
what is the optimal interval? Every five years? 

Thus, more studies are needed to determine an 
optimal re-dosing strategy. As Tseng and colleagues 
mention, an investigational HZ vaccine seems to be 
more immunogenic in elderly individuals. Perhaps 
this new vaccine might alleviate the need for re-
dosing, leading to reduced costs and, hopefully, 
better protection against HZ. Modification of the 
current HZ vaccine to make it more immunogenic is 
another potential approach.

[This large study showed that the beneficial 

effect of the HZ vaccine declines rapidly, 

and after eight years seems to offer little 

protection.]
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The study has several strengths. The size and 
diversity of the cohorts was impressive, making 
the findings more generalizable to the broader 
population. Also, the investigators limited the 
analysis to subjects who were not lost to follow-up. 
A weakness of the study is the observational design, 
which could have introduced selection bias due to 
unmeasured variables. Another is that the electronic 
data could have been incomplete or biased from 
misclassification.

One important outcome that was not measured in 
the study was the effectiveness of the vaccine in 
preventing post-herpetic neuralgia (PHN). It would 
be interesting to determine if there is a decline 
in the effectiveness of the vaccine over time in 
preventing PHN. However, as noted by the authors, 
ascertainment bias is a potential pitfall for such an 
investigation.  n

ABSTRACT & COMMENTARY

Refining the Evaluation and Management  
of Neonatal Herpes Infection
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: Neonatal herpes infection usually presents with seizure, vesicular rash, or critical illness. The subset of infected patients without 
those signs were younger than two weeks of age and/or had cerebrospinal fluid pleocytosis.

SOURCE: Curfman AL, Glissmeyer EW, Ahmad FA, et al. Initial presentation of neonatal herpes simplex virus infection. J Pediatr 
2016;172:121-126.

Details of presenting findings of children with 
neonatal herpes over a 10-year period from 

2002 through 2012 either at Saint Louis Children’s 
Hospital or at Salt Lake City’s Primary Children’s 
Hospital were reviewed retrospectively. Children 
with documented herpes infection (polymerase 
chain reaction [PCR] and/or culture positivity) 
were included if they were born after 34 weeks’ 
gestation and developed symptoms after their 
newborn hospitalization but before 42 days of age. 
(Children were excluded if the medical records were 
incomplete. One child also was excluded due to 
confounding ornithine transcarbamylase deficiency.)

A total of 49 infants were included in the study. 
Most (43 of 49, 88%) presented during the first 
28 days of life. Half of the infected children were 
normothermic, but these all had seizures, vesicular 
rash, or a critically ill appearance. Of the 49 
patients, 45% had disseminated disease (defined as 
infection with hepatitis and/or pneumonitis and/
or disseminated intravascular coagulation), 33% 
had central nervous system involvement, and 20% 
had skin-eye-mouth involvement. All eight patients 
who had nonspecific presentations were younger 
than 14 days of age and/or had cerebrospinal fluid 
pleocytosis; six of these went on to develop seizures, 

rash, or signs of critical illness. Death was seen only 
in those with disseminated disease; seven (32%) of 
the 22 babies with disseminated herpes disease (7 or 
14% of the 49 patients in the study) died.

Two-thirds of the patients were started on acyclovir 
during the first 24 hours of hospitalization, but the 
study was not powered to the point of determining 

if those treated early fared better than those started 
on acyclovir later. Half of the children with skin-
eye-mouth disease had positive blood PCR tests for 
herpes and were treated with acyclovir for 21 days 
(with 14 days being currently recommended for 
these children without systemic illness).

n COMMENTARY
Pediatric physicians often are asked to manage 
febrile or otherwise sick neonates, and it is generally 

[These new data are useful to guide 

clinicians caring for febrile or otherwise 

sick newborns. ]
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assumed that even skilled clinicians are unable to 
rule out (or in) the possibility of serious bacterial 
infection without microbiologic testing; antibiotics 
are routinely given pending blood cultures.1,2 It is 
less clear, however, when clinicians should seek 
and presumptively treat possible herpes infection 
in newborns. These new data are useful to guide 
clinicians caring for febrile or otherwise sick 
newborns.  

This study by Curfman and colleagues yields 
several pertinent findings to help clinicians keep 
neonatal herpes infection in context. First, neonatal 
herpes infections are uncommon. In two tertiary 
children’s hospitals combining to account for 
approximately 600 inpatient beds, there were only 
49 neonates admitted with herpes infection over 
a 10-year period. Second, clinicians should think 
of possible herpes infection even in the absence of 
fever, especially when the child has a vesicular rash, 
seizures, or a critically ill appearance.

Thus, clinicians should consider the possibility 
of herpes infection when a newborn presents 
with vesicular rash, seizures, or a critically ill 
appearance. While considering bacterial etiologies 
of the illness, clinicians also would test and, 
presumptively, treat for herpes infection. Children 
with cerebrospinal fluid pleocytosis also could be 
treated for herpes while herpes testing (usually PCR 
testing) is pending. Similarly, as indicated by this 
study, children younger than 14 days of age with 
fever or other signs of illness could be tested and 
presumptively treated for herpes.  

However, not every febrile or otherwise ill baby 
presenting in the first two months of life needs to 
undergo laboratory testing or be treated for herpes 

infection. These new data suggest that clinicians 
could maintain a low index of suspicion (and 
withhold treatment) for children older than 14 days 
of age without vesicular rash, seizures, cerebrospinal 
fluid pleocytosis, or critically ill appearance. The 
authors rightly point out that there has been 
a “creeping empiricism” of herpes testing and 
treatment.3 Omitting herpes testing and treatment 
during the second month of life for children without 
typical signs of herpes infection could reduce costs 
and complications without significantly increasing 
the risk of “missed” cases.3 Laura Brower and 
colleagues at Cincinnati Children’s Hospital 
reasonably propose standardizing care to limit 
herpes testing and treatment to those babies who are 
actually most at risk of infection.4 Brower suggests 
doing cerebrospinal fluid herpes testing on all babies 
younger than 21 days of age who are undergoing 
evaluation for serious bacterial infection and only 
starting presumptive acyclovir treatment in those 
with more concerning signs, such as vesicles or ill 
appearance.4  n

REFERENCES

1. Camacho-Gonzalez A, Spearman PW, Stoll BJ. Neonatal infec-
tious diseases: Evaluation of neonatal sepsis. Pediatr Clin North 
Am 2013;60:367-389.

2. Arora R, Mahajan P. Evaluation of child with fever without 
source: Review of literature and update. Pediatr Clin North Am 
2013;60:1049-1062.

3. Gaensbauer JT, Birkholz M, Pfannenstein K, et al. Herpes PCR 
testing and empiric acyclovir use beyond the neonatal period. 
Pediatrics 2014;134:e651-e656.

4. Brower L, Schondelmeyer A, Wilson P, et al. Testing and empiric 
treatment for neonatal herpes simplex virus: Challenges and 
opportunities for improving the value of care. Hosp Pediatr 
2016;6:108-111.

ABSTRACT & COMMENTARY

Severe Infection Due to Human  
Adenovirus B7
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: Oregon health authorities identified 198 patients from October 2013 until July 2014 with respiratory symptoms and a human 
adenovirus (HAdV)-positive respiratory specimen. Of the 136 patients (69%) who were hospitalized, 31% were admitted to ICU, 18% 
required mechanical ventilation, and five patients died. Patients with HAdV-B7 were more likely to be adults and to have longer hospital 
stays.

SOURCE: Kendall Scott M, et al. Human adenovirus associated with severe respiratory infection, Oregon, USA, 2013-2014. Emerg Infect 
Dis 2016;22:1044-1051.
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Oregon Public Health Department (OPHD) 
enlisted three major hospitals that perform 

human adenovirus (HAdV) testing to participate 
in the study. Compared to the previous three years, 
during 2013-2014 hospitals in Oregon recorded 
an 11-fold increase in HAdV cases. For 87% of 
cases, symptom onset and specimens were collected 
between January and April 2014. Specimens from 
109 patients were typed. Seven HAdV types were 
identified; HAdV-B7 was most commonly identified 
(59%). Other types included HAdV-C2, B21, C1, 
B3, C5, and E4. The genomes from seven HAdV-
positive samples were further studied by sequencing 
and BamHI and BclI restriction profiling and 
were found to be identical to HAdV-B7d variants 
circulating in China in 2009 and 2011. HAdV-C1, 
C2, and C5 patients were younger (median age 1.2 
years); HAdV-B3 or B21 (median age 24 years) and 
HAdV-B7 (median age 20 years) were older.

For all HAdV patients, common symptoms included 
fever (75%), cough (61%), dyspnea (26%), nausea/
vomiting (24%), and rhinorrhea (22%). Pneumonia 
was seen in 32% of patients and was more common 
in patients with HAdV-B7 (41%) vs. those with 
other types (26%). More HAdV-B patients (B3, 
B21- 81%; B7- 84%) were hospitalized than 
other types (64%). HAdV-B7 patients had longer 
hospitalizations. Five patients died, and for only two 
of these deaths were specimens available for typing. 
Both were HAdV-B7.

n COMMENTARY
This study demonstrates that HAdV infections have 
become more common in the United States in the 
past few years and the predominant genotype is 

identical to the type that is circulating commonly 
in China. HAdV-B7 appears to preferentially affect 
older patients/young adults than other types and to 
cause more severe disease. This reminds me of the 
outbreak of severe HAdV-B2 (type 14) about 10 
years ago in U.S. military recruits,1 which resulted 

in the deaths of several of these young, previously 
healthy service members. My personal interest in 
this disease was activated by my involvement in 
the care of a young, previously healthy man in his 
late 20s who was hospitalized at Stanford recently 
with multilobar pneumonia requiring mechanical 
ventilation who also developed acute renal failure 
requiring hemodialysis support for many weeks. No 
FDA-approved drugs exist for treatment of systemic 
adenovirus infections, although both cidofovir and 
ribavirin have been used in isolated cases. Cidofovir 
may have some clinical utility (our patient received 
this drug), but this agent has significant toxicity.2  n
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PHARMACOLOGY UPDATE

Colistin vs. Polymyxin B
By Emily Mui, PharmD, BCPS

Infectious Disease Pharmacist, Stanford Health Care

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

SYNOPSIS: Based on their kinetics and toxicity profiles, polymyxin B may be the preferred agent for treatment of systemic infections, while 
colistin is preferred for infections limited to the urinary tract.

Polymyxins are a group of polypeptide 
antibacterials that include polymyxin A, B, C, D, 

E, etc. The two polymyxins that are used clinically 
are polymyxin B and polymyxin E (also known as 
colistin). These compounds, which were originally 
isolated in 1947 from a Bacillus polymyxa, became 

obsolete due to their toxicities, but now have 
generated interest due to the predominance of 
infections caused by multidrug-resistant organisms. 
Due to their similarities in structure, polmyxin B 
and colistin have been regarded as being equivalent, 
but differences in their pharmacokinetics have 

[ No FDA-approved drugs exist for 

treatment of systemic adenovirus 

infections ... ]
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significant clinical implications for their use.

PHARMACOLOGY
Polymyxin B and colistin are almost identical in 
structure, with the exception of an amino acid 
in the L-Dab peptide ring.1 Although similar in 
structure, there are distinct differences between 
both formulations. Polymyxin B is administered 
intravenously as a sulfate salt, which is the 
active antibacterial compound, whereas colistin 
is administered as a pro-drug in the form of 
colistin methanesulfonate (also known as CMS or 

colistimethate). CMS lacks antibacterial activity 
and requires conversion in vivo to its active form, 
colistin, to exert an antibacterial effect.

MECHANISM OF ACTION
Polymyxin B and colistin both are rapidly 
bactericidal against susceptible organisms, binding 
to the lipopolysaccharides and phospholipids in the 
outer cell membrane of Gram-negative bacteria. 
This displaces calcium and magnesium from the 
phosphate group of membrane lipids, which leads 

Table 1. CLINICAL TRIALS/EVIDENCE SUMMARY

Study Population Intervention/ 
Dosing

Efficacy Renal Impairment Conclusion/ 
Other Comments

Oliveira MS, 
200919

Retrospective study 
of CMS vs. poly-
myxin B

N = 82 (41 vs. 
41) patients with 
serious infection 
caused by car-
bapenem-resistant 
Acinetobacter spp.

Median daily dose:
• CMS 6 MIU (1-9 
MIU)
• Polymyxin B 1.0 
MIU (0.4-1.5 MIU)

Treatment (P = 
0.48):
• Success 39% vs. 
39%
• Failure colistin 
41% vs. PolyB 32%
30-day mortality
• Colistin 56% vs. 
PolyB 61% (P = 
0.66)

• Criteria: 2-fold 
increase in Scr at 
any time during 
the treatment or an 
increase by 1 mg/
dL if initial Scr was > 
1.4 mg/dL 
• Colistin 26% vs. 
PolyB 27% (P = 0.92)

Both polymyxins are 
comparable in effi-
cacy with similar renal 
toxicity

Groups treated with 
colistimethate had 
more surgical site 
infections, especially 
CNS infections than 
the polymyxin B 
group

Akajagbor 
DS, 201314

Retrospective study 
of colistin vs. poly-
myxin B

N = 173 (106 vs. 67) 
patients

• Colistin base activ-
ity 5 mg/kg/day of 
ideal BW or actual 
BW or 150 mg q12h
• Polymyxin B 
15,000-25,000 
units/kg/day as 
continuous infusion 
over 24 hrs

Not reported • RIFLE criteria
• PolyB 60.4% vs. 
Colistin 41.8%  
(P = 0.02)

Colistin had higher 
incidence of nephro-
toxicity vs. polymyxin 
B.

Colistin nephrotoxici-
ty increases with dose 
(> 5 mg/kg/day)

Tuon FF, 
201320

Retrospective study 
of colistin vs. poly-
myxin B

N = 132 (36 vs. 96) 
patients

Median daily dose:
• CMS 2 MIU
• Polymyxin B 9 MIU

Not reported • AKIN criteria
• Colistin 38.9% vs. 
PolyB 20.8%  
(P = 0.06)

Trend, but not statisti-
cally significant differ-
ence in nephrotoxicity 
between CMS and 
polymyxin B

Only variable associat-
ed with AKI was doses 
≥ 2 MIU polymyxin B 
or ≥ 9 MIU CMS

Phe K, 
201415

Retrospective study 
of CMS vs. poly-
myxin B

N = 225 (121 vs. 
104) patients

Median daily dose:
• CMS 4.6 mg/kg/
day in IBW
• Polymyxin B 1.8 
mg/kg/day in IBW

Not reported • RIFLE criteria
• ITT: Colistin 33.9% 
vs. PolyB 23.1%  
(P = 0.08)
• Matched pairs:  
Colistin 55.3% vs. 
PolyB 21.1%  
(P = 0.003)

Polymyxin B was not 
found to be more 
nephrotoxic than 
colistin

Cystic fibrosis was 
found to be protec-
tive against the devel-
opment of nephrotox-
icity in patients who 
received CMS

Conversions2: 1 mg colistin base activity = 30,000 IU colistin; 1 mg CMS = 12,500 IU colistin; 10,000 IU polymyxin B = 1 mg 
polymyxin B
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to disruption of the outer cell membrane, resulting 
in leakage of intracellular contents, and finally 
bacterial death.2,3 Polymyxins also have been 
reported to bind and neutralize lipopolysaccharides 
in a dose-dependent manner, thus mitigating the 
damaging effects of endotoxins.

SPECTRUM OF ACTIVITY
Polymyxin B and colistin have basically identical 
antibacterial activity. Both have activity against most 
Gram-negative organisms such as Acinetobacter 
spp, Pseudomonas aeruginosa, Klebsiella spp, 
Enterobacter spp, Salmonella spp, Shigella spp, 
Escherichia coli, and Citrobacter spp, but lack 
activity against Gram-positive and anaerobic 
bacteria. The Clinical and Laboratory Standards 
Institute (CLSI) indicates that the breakpoint for 
both polymyxin B and colistin is 2 mcg/mL against 
a few clinically important pathogens such as P. 
aeruginosa, Enterobacteriaceae, and Acinetobacter 
spp. The European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) only reports 
breakpoints for colistin, likely because polmyxin B 
is unavailable for systemic administration in Europe. 
The EUCAST breakpoint for colistin against 
Enterobacteriaceae is ≤ 2 mcg/kg, and is set at ≤ 4 
mcg/mL for P. aeruginosa. Of note, because CMS 
is the inactive prodrug of colistin, susceptibility 
testing must be performed with colistin sulfate. Due 
to variable results in MIC estimations with colistin, 
CLSI will soon stop reporting breakpoints for 
colistin and only provide them for polymyxin B. 

PHARMACOKINETICS
Both Polymyxin B and colistin are not well absorbed 
after oral administration.4 Intravenous polymyxin 
B is administered directly as active drug, whereas 
CMS is administered as the pro-drug that converts 

into the active moiety colistin.5 The prodrug CMS 
is cleared predominately by renal excretion via 
tubular secretion and its other non-renal excretion 
is conversion to active colistin. Studies suggest that 
the extent of conversion of CMS to colistin is low, 
especially in those with normal renal function.6 
With normal renal function, prodrug CMS is 
more efficiently eliminated via renal excretion; 
it is estimated that only 20-25% of a dose of 
CMS is converted to colistin.6 As a result, larger 
doses of CMS are required to achieve therapeutic 
concentrations of colistin. After conversion to active 
drug, both colistin and polymyxin B are minimally 
excreted in the urine and are primarily eliminated by 
non-renal clearance. Although minimally excreted, 
therapeutic concentrations of colistin can be found 
in the urine as a result of the highly excreted prodrug 
CMS undergoing conversion to colistin within the 

urinary tract.6 Urinary recovery of polymyxin B is 
less than 1%.7 These pharmacokinetic differences 
make CMS/colistin the preferred formulation for 
infections that require a high urinary concentration. 
The kinetics of polymyxin B are preferable for 
systemic infections due to the rapid and reliable 
active drug concentration achieved in the serum, 
compared to the variable rate and extent of 
conversion with CMS to colistin.  

Table 2. DOSAGE 

Route ≥ 80 mL/min 50-79 mL/min 30-49 mL/min 10-29 mL/min IHD

CRRT

Polymyxin B3
Use actual body 
weight; adjusted 
body wt for obese

IV 15,000 – 25,000 units/kg/day (in divided doses)
Renal impairment: 15,000 units/kg/day

No Data

Colistin2

Use ideal body 
weight

Doses expressed in 
colistin base activity

IV 5 mg/kg/day in 2-3 
divided doses

1.25–1.9 mg/
kg Q12H

2.5 mg/kg Q24H
OR
1.25 mg/kg Q12h

1.5 mg/kg Q36H 1.5 mg/kg 
Q24-48h

2.5 mg/kg 
Q12-24H

Inhalationb 150 mg inhalation Q12H

a. Of note, polmyxin B is eliminated through nonrenal clearance. Therefore, renal impairment should not affect drug concen-
trations. A single case report suggests that polmyxin B may not require dose adjustment in the renally impaired.16  
b. More experience with inhaled CMS use in cystic fibrosis patients.17,18

[Polymyxin B and colistin have re-emerged 

as important antimicrobial agents as a 

result of infections due to multidrug-

resistant Gram-negative bacteria.]
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PHARMACODYNAMICS
In vitro pharmacodynamics data on polymyxin 
B and colistin show concentration-dependent 
killing against multidrug-resistant P. aeruginosa 
and A. baumanii.8-11 When comparing different 
dosing regimens with the same total daily dose 
of polymyxin B, altering the dosing schedule did 
not appear to influence the killing or resistance 
suppression against the isolates.12 This suggests 
that the PK/PD index that best characterizes 
polmyxin B activity is the ratio of the area under the 
concentration-time curve to MIC (fAUC/MIC). 

ADVERSE EFFECTS
Nephrotoxicity and neurotoxicity are the most 
common side effects associated with polymyxin B 
and colistin. It was long believed that polymyxins 
were associated with a high incidence of 
nephrotoxicity; however, recent data suggest it may 
not be as toxic as previously thought.13 The rate of 
nephrotoxicity has been described for polymyxin 
B and colistin in several small, retrospective, case-
series with varying rates of nephrotoxicity. Two 
recent comparative studies involving a large number 
of patients reported lower rates of nephrotoxicity 
with polymyxin B than colistin, possibly due to 
higher exposure of colistin in the kidneys from CMS 
excretion compared to polymyxin B, which is not 
renally cleared.14,15 

The incidence of neurotoxicity is reported less 
compared to nephrotoxicity. Neurotoxicity 
manifests as dizziness, muscles weakness, 
paresthesia, headache, visual disturbances, partial 
deafness, vertigo, confusion, hallucinations, seizures, 
ataxia, and neuromuscular blockade. 

CONCLUSION
Polymyxin B and colistin have re-emerged as 
important antimicrobial agents as a result of 
infections due to multidrug-resistant Gram-negative 
bacteria. Polymyxin B has more predictable systemic 
drug exposure compared to colistin; however, 
colistin is preferred for the treatment of urinary 
infections as the prodrug CMS is renally excreted. In 
terms of toxicities, recently published studies have 
shown comparable and possibly less nephrotoxicity 
with polmyxin B.  n
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Table 3. COST 

How Supplied AWP Regimen Cost/day (70 kg)

Polymyxin B 500,000 unit vial $13.50 per vial 12.5 units/kg q12h $47.25

Colistin 150 mg vial $33.60 per vial 2.5 mg/kg q12h $78.39
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Assay for Detection  
of Zika Virus in Urine

SOURCES: [No authors listed.] MMWR. Interim 
guidance for Zika virus testing of urine — United 
States, 2016. May 13, 2016. MMWR Morb Mortal 
Wkly Rep. 2016;65:484. 
Gourinat AC, O’Connor O, Calvez E, et al. De-
tection of Zika virus in urine. Emerg Infect Dis 
2016;21:84-86.  

Most patients with Zika virus 
(ZV) have asymptomatic 

or subclinical infection. Only 
about one-fifth of those 
infected are thought to develop 
symptoms of low-grade fever, 
arthralgia (generally the small 
joints of the hands and feet), 
myalgia, headache, retro-orbital 
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[Confirmation of infection 

is hampered by the short 

period of viremia, generally 

lasting a few days of fever 

onset, making detection 

of ZV in the bloodstream 

difficult.]

discomfort, conjunctivitis, and 
— generally within three to five 
days — maculopapular rash. 
Confirmation of infection is 
hampered by the short period 
of viremia, generally lasting 
a few days of fever onset, 
making detection of ZV in the 
bloodstream difficult.  

In 2013, French Polynesia 
experienced one of the larger 
outbreaks of ZV infection, with 
more than 1,400 confirmed 
cases. A few months later, cases 
of ZV infection began to appear 
for the first time in nearby 
New Caledonia. Gourinat and 
colleagues used this opportunity 
to examine paired urine and 
serum samples from six of these 
patients for ZV load, using rRT-
PCR primers, comparing their 
results with spiked samples of 
stocked ZV. These investigators 
knew that other Flavivirus, such 
as Dengue and West Nile virus, 
may be detected in urine samples 
for longer periods of time than in 
serum. While they detected ZV in 
the serum of four patients (67%), 
three of whom had only one 
positive specimen, usually at day 
one to three of symptom onset, 
urine samples yielded ZV in all 
six subjects, and often in multiple 
specimens. ZV was detected out 

to 10 to 15 days from symptom 
onset in all six subjects, and one 
subject had positive urine for 
more than 30 days. Estimated 
viral loads in urine ranged from 
0.7 – 220 x 106 copies/mL, which 
were higher than serum viral 
loads.  

Based on these and other similar 
data, the CDC now offers a 
TrioPlex rRT-PCR assay for 
the detection of ZV in urine in 
select patients. Samples should 
be obtained within two weeks 
of symptom onset, and should 
be tested in conjunction with 
serum samples. Other assays, for 
commercial use, are in the works 
but will require validation and 
FDA approval.  

Effect of Antibiotic  
Resistance on Prevention 
of Surgical Site Infections

SOURCE: Teillant A, Gandra S, Morgan DJ, et al. 
Potential burden of antibiotic resistance on surgery 
and cancer chemotherapy antibiotic prophylaxis in 
the USA: A literature review and modelling study. 
Lancet Infect Dis 2015;15;1429-1437. 

This interesting article from 
Teillant and colleagues (who 

is now doing some interesting 
work at the Center for Disease 
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Dynamics, Economics, and Policy 
in Washington, DC) highlights the 
threat of antibacterial resistance 
not only to our ability to fight 
active infection, but to prevent 
surgical site infection (SSI) using 
perioperative antibacterials. For 
example, it is estimated that 
157,500 surgical site infections, 
resulting in 3% mortality, 
occurred in the United States 
in 2011. In addition, at least 
65,000 cancer patients required 
hospitalization for infection 
complicating chemotherapy 
treatments. For the 10 most 
common surgical procedures in 
the United States, the use 
of perioperative antibiotics 
is estimated to reduce the 
relative risk of infection 
anywhere from 35% to 
86%, depending on the 
procedure. However, the 
increasing prevalence of 
antibacterial resistance 
threatens this success. 
For example, in patients 
undergoing transrectal 
prostate biopsy, who 
received prophylactic 
fluoroquinolone (FQ) 
treatment, infection rates 
were 8.2% in those with 
rectal cultures positive 
for FQ-resistance, but 
only 1.8% in those without FQ 
resistance. Obviously, increasing 
rates of FQ resistance in rectal 
cultures, currently estimated 
at about 20%, will diminish 
the effectiveness of FQs for 
prophylaxis in these cases. 

Using 31 different meta-analyses, 
as well as randomized clinical 
trails and quasi-randomized, 
clinical trials that met their 
criteria, investigators examined 
the effectiveness of perioperative 

antibiotic therapy in SSIs 
and surgical-infection-related 
deaths for 10 common surgical 
procedures performed in the 
United States, as well as the 
risk of hospitalization and 
death in cancer chemotherapy 
patients. In the summary 
meta-analysis, the overall SSI 
rate for patients receiving 
perioperative antibacterials was 
4.2% compared with 11.1% 
for patients not receiving 
perioperative antibiotics. They 
estimated the rates of resistance 
to standard perioperative 
antibacterials, in those procedures 

complicated by infection, 
currently range from 38.7% for 
cesarean and hysterectomy to 
50% in men undergoing trans-
rectal prostatic biopsy. For spine 
surgery, total hip replacement, 
and hip fracture surgery 
complicated by infection, 48% of 
those infections exhibit resistance 
to standard perioperative 
antibacterials. And 27% of cancer 
patients have pathogens isolated 
with resistance to commonly used 
antibiotics.

The researchers then structured 
a complex mathematical model 
for different scenarios of reduced 
antibacterial effectiveness by 
10%, 30%, 70%, or 100%. A 
reduction of only 10% in the 
current antibacterial efficacy 
would result in an estimated 
40,000 additional SSIs and 
chemotherapy-related infections 
and 2,100 deaths. A reduction 
of 70% in antibacterial efficacy 
would result in an additional 
280,000 SSIs and chemotherapy-
related infections and 15,000 
deaths. Most of the additional 
deaths would be for colorectal 

procedures, total hip 
replacement, and 
chemotherapy for 
hematologic malignancy. 

To combat this trend in 
reduced antibacterial 
efficacy, strategies to 
identify patients at 
higher risk for infection 
have been proposed, 
such as pre-operative 
screening for nasal 
colonization for 
methicillin-resistant 
Staphylococcus aureus, 
especially in those 
undergoing surgical 
procedures with 

hardware. But these strategies 
are limited by sampling error, 
the limited effectiveness of 
decolonization strategies, not 
to mention the difficulty in 
getting surgeons to adopt this 
as a routine practice. This is 
one reason hospitals are moving 
toward pre-operative measures 
such as chlorhexidine scrubs and 
“nose-to-toes” pre-operative 
programs — which ultimately 
may prove the more cost-effective 
and safer route to prevent SSIs.  n
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1.  Neonatal herpes infection is 
likely in:

a. a 10-day-old with 
fever, vesicular rash, 
and cerebrospinal fluid 
pleocytosis.

b. a generally well-appearing 
35-day-old with fever.

c. a 40-day-old with fever 
and a maculopapular rash.

d. a 60-day-old with fever 
and seizure following 
immunization.

2.  Which of the following  
is correct with regard to 
mcr-1?

a. Its expression causes 
resistance to carbapenems.

b. Its expression causes 
resistance to colistin.

c. It is present on the 
bacterial chromosome.

d. It is only expressed in 
the presence of carbapenem 
resistance.

3.  Which of the following is 
correct regarding neonatal 
herpes simplex infection?

a. It never occurs in the 
absence of fever.   

b. It is among the most 
common serious infections 
in this age group.

c. It should be considered 
when a newborn presents 
with vesicular rash, seizures, 
or a critically ill appearance.

d. It most often occurs 
in those > 14 days old in 
whom the findings are most 
likely to be nonspecific.
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