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Reservoirs of Antibiotic Resistance

How harmless bacteria turn harmful:
Mobile DNA and the recrvitment of virulence factors

Harold W. Stokes

Professor and Director, Institute for the
Biotechnology of Infectious Diseases,
University of Technology, Sydney, Australia

A major revelation of the genomics era
is that much of a bacterium’s genome can
comprise DNA that is acquired by
Lateral Gene Transfer (LGT), a process
whereby DNA is accessed from another
cell. Over long periods of time, LGT can
lead to 25% or more of a specie’s DNA
being stably imported from other phylo-
genetic groups.’® LGT offers many bene-
fits to bacteria because it allows new
functions to be acquired quickly, permit-
ting cells to rapidly exploit new environ-
mental niches. The extent of LGT poses a
challenge to the “species concept” in bac-
teria,’” since populations grouped as the
same species can bear large unrelated
fractions in their respective genomes, and
can manifest very different phenotypes.

Mobile DNA is highly relevant to
understanding how pathogens function.
For example, the genus Vibrio is a ubiq-
uitous component of aquatic environ-
ments and even V. cholerae, the agent of
cholera, can be isolated with relative ease,
with most strains being benign. The vib-
rios however, are very adept at acquiring
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Reception and Leadership Award
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mobile DNA, frequently with strains
displaying hundreds of foreign kilobases
of DNA." It is this strain-specific mobile
DNA in which many potentially “patho-
genic” factors are found. This DNA is
often linked and, in pathogens, the term
“pathogenicity island” is often used to
describe these clusters, since they com-
monly include genes that enhance the
ability of the cell to cause disease in
animals.*

Mobile DNA and antibiotic resistance

Much of our understanding of mobile
DNA comes from attempting to under-
stand and deal with the rise of antibiotic
resistance in bacteria. When the first
resistant bacterium emerged, it was
attributed to spontaneous mutation and
assumed that the problem would be
manageable.” While resistance via this
traditional process does occur, it also
became obvious early on'" that other
forces were operating and that bacteria
had the ability to pass resistance genes to
others in a way that is both infectious
(more and more cells in a population
acquire the gene) and promiscuous (the
genes are spread to bacteria of many dif-
ferent unrelated species). Today, drug
resistance genes are a common feature of
the “mobile genome” of pathogens,
including pathogenicity islands, and can
give rise to bacteria that are both highly
pathogenic and highly resistant. In one
notable example, a pathogenic strain of
Acinetobacter baumanii, a common media-
tor of nosocomial infections, was found
to have 45 distinct resistance genes!*

How does DNA become mobile?
LGT is a fascinating and complex

MOBILE DNA continued on page 2

Antibiotic innovation on
the horizon?

Ursula Theuretzbacher, Ph.D.
Principal, Center for Anti-Infective Agents,
Vienna, Austria

Innovation in the development of anti-
infectives takes place in cycles as the pri-
mary discovery of a new class of antimi-
crobials with novel mechanisms of action
leads to modified and improved mole-
cules within the same class.' The current
phase of modification of known scaffolds
has proceeded with hardly a pause since
the 1970s, when the empirical usage of
broad-spectrum antibiotics became
widespread. And, with little applied or
apparent concern regarding the inex-
orable development of resistance, we now
find ourselves with a growing, challeng-
ing, and threatening resistance problem.
From a business point of view, antibacte-
rials constitute a highly competitive
market that addresses short-term treat-
ments of acute diseases. With this indus-
try’s focus on blockbuster drugs, most
large pharma companies prioritize the far
more lucrative chronic disease and life-
style condition markets, and so, in the
1990s, abandoned antibacterial research
and development. In the aftermath, the

INNOVATION  continued on page 5
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MOBILE DNA continued from page 1

process of DNA transfer and incorpora-
tion into a new host. The physical move-
ment of DNA from cell to cell occurs by
one of three processes—conjugation,
transformation or transduction.® How-
ever, to ensure stable inheritance, the
transferred DNA must either be a repli-
con (i.e., comprise a DNA molecule
capable of autonomous replication such
as a plasmid), or integrate into a resident
replicon (either a chromosome or pre-
existing plasmid). Integration is driven
by one of two mechanisms. One of these
is transposition—a process whereby dis-
crete regions of DNA that often carry
resistance genes can randomly insert into
a genome. The second is site-specific
recombination. As the name implies,
this process involves insertion of DNA at
a discrete site. It is biochemically differ-

ent from transposition. However, the
best example of this system relevant to
the antibiotic resistance problem is the
integron/gene cassette system. Integrons
are a major contributor to the spread of
resistance genes in gram-negative bacte-
ria.> One of the remarkable features of
LGT systems is that they act cooperative-
ly and can rapidly build up tightly linked
regions that cluster many resistance genes
in a modular format. As illustrated in Fig
1, it is common for resistance gene cas-
settes to be found in integrons that are
embedded in one or more transposons
that are in turn, located in a plasmid. As
a consequence, the disparate processes of
conjugation, transposition and site-specif-
ic recombination can work together to
mobilize and rearrange genes in a way
that was not previously imaginable.'

MOBILE DNA continued on page 3
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MOBILE DNA continued from page 2

Escherichia coli and the recrvitment of
resistance genes into pathogens

One feature of the mobile genome is
that many resistance and virulence genes
have been recruited from organisms and
environments remote from a clinical
context. Thus, the ease with which
genes can move through communities
means that the entire microbial bios-
phere is a potential “recruiting ground”
of genes useful to pathogens, even if the
latter do not venture far from their nor-
mal host. E. co/i, in particular, is well
placed to act as a conduit for the “ship-
ment” of mobile DNA. First, E. co/7 is an
abundant commensal organism that
includes both humans and many other
animals as its natural host. It can also
persist in natural communities outside
animals for relatively extended periods
of time and can, itself, produce strains
that are pathogenic. E. co/i, for example,
is the single biggest cause of urinary
tract infections (UTIs)* and is a major
health burden to developed and devel-
oping countries alike.” In the latter
group resistant pathogens are a problem
particularly felt in children, with mor-

tality rates from gram negative blood
borne infections as high as 44%, which,
in percentage terms is more than double
that of malaria." In general, reports of
antibiotic resistance outbreaks are
climbing steadily—as is the increase in
mortality in all countries.

Mobile DNA and antibiotic resistance in
the future

The unabated rise in E. co/i-mediated
infections, whether manifested as a UTI
or other infection, comes about despite
the escalating resources spent to contain
the problem. This situation indicates
the need to tackle the problem of resist-
ance from new perspectives. One of
these may be the application of broader
molecular epidemiological methods that
acknowledges the fact that mobile
DNA, the key driver of the evolution of
more “pathogenic” strains is a multi-
faceted, global problem. Traditional
clinical microbiological approaches that
look at individual resistance genes or
groups of genes from specific locations
or from the perspective of particular dis-
ease-causing organisms is becoming less
insightful. For example, how is it that
the same resistance gene is found in dif-
ferent locations in different isolates? Is it

Figure 1. The cooperative dissemination of resistance genes
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because the two genes are embedded in
the same mobile DNA backbone or are
they two unrelated backbones? Whether
the same or different, where did they
come from? Did they have a recent com-
mon origin geographically or phyloge-
netically? Answers to questions like
these are critical, but can only be
achieved by more systematic surveys
that look beyond the immediate prob-
lem—the resistance gene itself.* Also,
there is a real need for greater collabora-
tion between countries in the field of
molecular epidemiology, possibly mod-
elled after those adopted for internation-
al surveillance of resistance outbreaks.
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APUA co-sponsors
Pan-American Congress

APUA is pleased to announce that it
will be co-sponsoring the XV Pan
American Congress of Infectious
Diseases to be held April 7-11, 2011
in Punta del Este, Uruguay. The pri-
mary topics of discussion will be
immunization and new strategies;
infections in the pediatric population;
emerging and re-emerging diseases;
infections in travelers and their pre-
vention; diagnosis and treatment; bac-

Conjugative plasmid . . A
terial resistance; and the rational use of

antimicrobials. Dr. Julio Medina,
Scientific Committee Coordinator, and
Dr. Eduardo Savio, President, will lead
the planning activities.

This is an actual example of a multi-resistance plasmid from a UTl-mediating strain of Klebsiella pneumoniae revealing a series of
gene cassettes inserted into an integron. This integron is embedded into a transposon, which in turn is “piggy backing” on a second
transposon. The entire modular element is inserted into a conjugative plasmid. Components of the modular system seen here are
commonly recovered from other diverse pathogens in many different parts of the world. AR = Antibiofic resistance gene. HMR =
heavy metal resistance region. Figure modified from Marquez et al.’
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Microbe publishes APUA artice
on commensals

APUA’s Reservoirs of Amntibiotic Resistance
(ROAR) project was founded on the
hypothesis that commensal bacteria can
serve as “barometers” of resistance genes in
pathogenic strains. The function of com-
mensals and their potential as a reservoir of
transferable resistance genes was addressed
in the 2009 May issue of the American
Society of Microbiology’s Microbe magazine
(see Commensals: Underappreciated Reservoir of
Antibiotic Resistance Vol 4; p.231-238). The
article evolved from a 2008 APUA meeting
of expert advisors, supported by the U.S.
National — Biodefense  Analysis and
Countermeasures Center (NBACC), who
were convened to “address the role of com-
mensals in the problem of antibiotic resist-
ance” (see AMROAR Scientific Meeting

Report at http://www.tufts.edu/med/apua/
AMROAR _scientificmeeting.html).
APUA authors Marshall, Ochieng and Levy
provide an historical overview of the evolu-
tion of many once-harmless, antibiotic-
susceptible bacteria into worrisome
multidrug-resistant pathogens—some of
which fail the “drug of last resort.” While
the earth’s total commensal population
approaches a staggering number (estimated
at >10%), little research has been directed to
this area. In contrast, much attention has
focused on the infinitely smaller populations
of “true” pathogens (Fig. 1). The cellular
infrastructure of “gene capturing systems”
known as integrons (see Fig. 1, page 3), cou-
pled with highly promiscuous bacterial mat-
ing (conjugation) systems that know few
boundaries, are largely responsible for
today’s multidrug resistance problem.

Studying commensals as resistance reser-
voirs is complicated for many

X X reasons, including the in-
Figure 1. Hierarchy of commensals creased blutring of the border
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Pathogens comprise only a tiny fraction of the total microbial environment.
“Opportunistic” or “pathogenic commensals” are considered generally nonpathogen-
ic, but can be propelled to the status of pathogens when imbalances or shifts occur in
environmental selective pressures. These can become more problematic if they have
acquired resistance or virulence genes from the vast pool of environmental commen-
sals, many of which may become transient colonizers of humans and animals through
the food chain and multiple other routes of exposure. The accumulated evidence sug-

gests widespread gene exchange among these groups.
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between pathogens and com-
mensals, (especially as mani-
fested in immunocompro-
mised patients) and the large
temporal differences in the
emergence of resistance among
different antibiotics. Moreover,
in-depth study has been limit-
ed to just a few microbial
species, largely ignoring the
potentially overwhelming con-
tributions posed by anaerobic
genera. Modeling the emer-
gence of commensals as resist-
ant pathogens is a formidable
challenge, and attempts have
been undermined by large,
persisting knowledge gaps. To
address the many unanswered
questions surrounding this
challenge, researchers strongly
suggest that a multi-discipli-
nary, ecological approach is
imperative. Further, investiga-
tors are encouraged to use
gene-based technologies such
as DNA fingerprinting to
study commensal ecology. A
move towards standardizing
the methods used in surveil-
lance systems will greatly
assist in advancing this field.

The authors describe how the ROAR
project (www.ROARproject.org), support-
ed by a grant from NIAID and launched by
APUA in 1997, became a pioneering
attempt to focus more attention on the
largely neglected commensals. ROAR’s
online searchable databases include both an
expanding literature library of over 1100
extensively annotated articles, as well as an
isolate database of gene-based data. Mining
of APUA’s databases can help close some of
the persisting data gaps and ultimately help
address unanswered questions that still
impede progress in this area, in particular
“whether antibiotic use in agriculture and
aquaculture is driving resistance genes from
animal-associated bacteria into strains that
cause human disease.”

The authors conclude that “probing com-
mensals and understanding the role they
play in antibiotic resistance should help
toward developing effective interventions to
control resistance and preserve the efficacy
of antibiotics.”

APUA completes successful
pilot surveillance of
commensal flora

In collaboration with the United States
Army Medical Research Institute on
Infectious Diseases (USAMRIID) and
NBACC’s Biological Threat Charac-
terization Program (BTC), APUA has
completed a one-year pilot surveillance
project to track and analyze patterns of
antibiotic resistance identified in global
sources of environmental and animal
commensal bacteria that may serve as
reservoirs for antibiotic resistance genes.
The APUA collaboration and strain col-
lection effort, entitled International
Surveillance of Reservoirs of Antibiotic
Resistance: Pilot for a Global Surveillance
System, is viewed as the “core of the
antibiotic resistance research project” of
NBACC’s Biological Threat Charac-
terization Program. During the pilot,
500 strains of E. coli, Streprococcus/
Enterococcus, Staphylococcus and Salmonella
were collected through the efforts of five
APUA country chapters (Uganda,
Turkey, South Korea, Georgia and India).
Isolates were verified and susceptibilities
tested with 5-6 antibiotics. The pilot

SURVEILLANCE continued on page 6
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INNOVATION cwntinued from page 1

bulk of antibacterial research and early
development activities (Figure 1) shifted
to small companies. Recently, the grow-
ing magnitude and severity of the resist-
ance problem created new business
opportunities leading to a renaissance in
antibacterial interest, investment, and
research. However it will be many years
before drugs with novel modes of action
will become available for clinical usage.
In a world where anti-infective R&D is
dominated by the for-profit model,
investment and progress will continue
to be cyclic.

New antibiotics against systemic gram-
positive infections

Visible and accelerating public health
concerns regarding the rapid rise of
methicillin-resistant Staphylococcus aureus
(MRSA) forced open a market niche
window resulting in a wave of anti-
Gram-positive research and develop-
ment (R&D). As a result, Pfizer’s line-
zolid, and later Cubist’s daptomycin,
have become part of the clinical tool
box. About 20 other antibacterial com-
pounds are moving through the clinical
development and approval process. Over

the next decade many new anti-gram-
positive therapeutic options are expect-
ed to become available to the clinician.
However, most of these antibacterials
build on well-known antibiotic groups.
Only a few companies are pursuing
novel programs with new targets that
would avoid potential issues with cross
resistance. Three of these novel anti-
gram-positives with a new mode of
action have reached early clinical devel-
opment. Should they be approved, treat-
ment options for infections caused by
Gram-positive  bacteria  including
MRSA and vancomycin-resistant ente-
rococci will be expanded in 7 to 10
years.

Antibiotics against systemic gram-negative
infections

Lacking the visibility of the MRSA cri-
sis and faced with daunting scientific
challenges, novel anti-gram-negative
R&D has been relatively neglected
(Figure 2). At the same time, gram-neg-
ative resistance is a very real health
problem and is garnering increasing
attention.””> Similar to the activities
regarding gram-positive bacteria, most
current anti-gram-negative R&D focus-
es on exploiting existing classes of

Figure 1. Number of systemic antibiotics and vaccines in dinical
development (phase 1, 2, 3 or under review) according to

antibacterial group*

44 = _ BPh3
: W Ph 2
3 - Ph1 L]

= 8]
1 1

B Under review

*Information based on the proprietary database of the Center for Anti-Infective Agents (CEFAIA) 7/2009

antibiotics. Beta-lactams are at the cen-
ter of these activities as drug developers
attempt to overcome selected resistance
determinants. However, they are rarely
able to solve the multidrug resistance
(MDR) problem. To address the
enzyme-mediated, beta-lactam resist-
ance, a variety of new and established
approaches for protecting beta-lactams
against beta-lactamases are being
explored. These include both using old
and newly developed beta-lactamase
inhibitors in combination with both old
and new cephalosporins. The monobac-
tam group has also seen a revival, as has
the well-known group of aminoglyco-
sides. Another way of utilizing well
understood groups is to reformulate
them for specific patient populations.
For instance, in localized infections such
as Pseudomonas infections in cystic fibro-
sis or in ventilated patients in the
Intensive Care Unit, a wide range of
inhalation forms of old drugs have been
pursued as adjunct therapy to systemic
treatment. However, in consideration of
the widespread resistance problem and
the propensity for existing treatment
options to intensify the effect of class-
specific resistance mechanisms, most
specialists would prefer novel chemical
classes with no pre-existing cross-resist-
ance.®’

This intensified need for new therapeu-
tic options has created a promising mar-
ket opportunity for the pharmaceutical
industry. Even targeting small patient
populations, high price points can pro-
vide a satisfying return on investment.
Early signs of renewed commercial
interest are reflected in the development
of novel compounds such as Cubist’s
lipopeptide, Novexel’s non-beta-lactam
penicillin-binding protein inhibitor,
and Achaogen’s membrane biosynthesis
inhibitor. Each of these compounds has
shown promising activity against enter-
obacteria and non-fermenters. Other
new approaches showing up in the
pipelines (Table 1) include drugs with
activity against MDR enterobacteria
and non-fermenters, as well as drugs tar-
geted specifically to one pathogen only
(Pseudomonas antibodies). Going a step

INNOVATION wntinued on page 6
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INNOVATION continued from page 5

further, the extremely specific approach
of targeting only single serotypes of
Pseudomonas moves rapid diagnostics
into the spotlight. Another indicator of
this trend towards niche applications is
the industry’s interest in non-main-
stream treatment approaches. While
not taken seriously a few years ago,
multiple drug resistance and market
conditions have also opened the window
for innovative R&D projects in areas
such as: monoclonal and polyclonal
antibodies, therapeutic vaccines, anti-
virulence drugs, phage formulations
and antibacterial peptides. Some of
these activities are in the early phase of
discovery and so will not be available for
testing in clinical trials for 5-10 years.
While it’s encouraging to see that new
and promising treatment options are on
the horizon, many years will pass before
new antibiotics against the most prob-
lematic gram-negative pathogens will
be available for clinical practice.
Without a doubt, we need to continue
our efforts to slow down the resistance
spiral when using existing treatment
options.

Outlook

Assuming that the current economic
downturn doesn’t kill investment and
that the R&D trends mentioned above
continue, we should expect to see more

novel, highly priced, small-spectrum
antibiotics by the 2020s. Driven by
financially challenged health care sys-
tems worldwide, usage of such targeted
antibiotics will need to be supported by
improved rapid diagnostic tools.
Enticed by successful examples of
applied personalized medicine in the
oncology field, the concurrent rise of
reliable, easy to use, and rapid molecu-
lar diagnostic capabilities points
towards a future change in treatment
paradigms in everyday clinical prac-
tice.*"* The success of these advances
will require changes to the regulatory,
clinical and reimbursement landscape.
Considerable challenges are ahead.

The uncertainties of the general eco-
nomic situation and the changing land-
scape of regulatory and government ini-
tiatives make “prediction very difficult,
especially about the future” (Niels
Bohr). However, I believe that despite
increased pressure for health care cost
controls, viably profitable niche seg-
ments, coupled with rapid diagnostics,
will align to drive antibacterial devel-
opment. Given the growing urgency of
multi-drug resistance and lack of
antibiotics with a novel mode of action
today, we must intensify every effort to
reduce resistance selection pressure, as
well as manage spread of resistance
using currently available tools.

Figure 2. Number of systemic antibiotics and vaccines in clinical

development (phase 1, 2, 3 or under review) according to focus of activity *

B Under review
B Ph3
m Ph 2

Ph1

Gram-positive

Gram-negative

* Information based on the proprietary data base of the Center for Anti-Infective Agents (CEFAIA) 7/2009
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SURVEILLANCE continued from page 4

study served to establish “proof of princi-
ple” and to provide lessons to guide
refinement of systems. The successful
testing of infrastructure and logistics
protocols provides the foundation for
study expansion into a larger multi-year
project that will include Thailand and
Vietnam and also the collection of addi-
tional species (Aeromonas, Pseudomonas,
Stenotrophomonas and Acinetobacter). In col-
laborative efforts with NBACC and
Michigan State University, all isolates
will undergo molecular analysis for
detection of novel resistance genes. The
genetic data will be utilized to populate
APUAs ROAR isolate database
(www.ROAR project.org).

APUA Recommended Reading

Positive Epistasis Drives the Acquisition
of Multidrug Resistance

Trinidade S., Sousa A, Xavier KB,
Dionisio E, Ferreira MG et al (2009),

PLoS Genet 5

€1000578. doi:10.137/journal.pgen.
1000578

Squashing Superbugs—The Race for
New Antibiotics

Walsh CT and Fischbach MA

http://www.scientificamerican.com
/article.cfm?id =squashing-
superbugs
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Table 1. Investigational intravenous drugs with a focus on hard-to-ireat MDR

gram-negative bacteria including Pseudomonas in preclinical and clinical

development'
Development | Compound Group Notes
phase (Company)
Phase 2 Ceftazidime+NXL | Cephalosporin+new | Stable against class A [ESBL)- and
104 (Novexel) B-lactamase-inhibitor | class C-producing B-lactamases.
e cUTI
Phase 2 FR 264205= CXA- | Cephalosporin Comparable to ceftazidime, more sta-
101 ble against class C-B-lactamases
(Astellas/Calixa) o cUTI
Phase 2 IC43 Recombinant subunit | P aeruginosa specific
(Chiron/Pelias/ vaccine o VAP
Intercell)
Phase 2 KBPATOT (Kenta Human monoclonal | P aeruginosa serotype O1 1-specific;
Biotech) antibody Codevelopment of a multivalent diag-
nosfic fest for rapid serotyping
Phase 1/2 KBOO1 (Kalobios) | PEGylated monoclon- | P. aeruginosa-specific; Antivirulence-
al antibody fragment | antibody (PcrV protein of the Type |l
secrefion system of P. aeruginosal
e CF and VAP
Phase 1 ACHN-490 Aminoglycoside Active against aminoglycoside-esistant
(Achaogen) gram-negative pathogens, MRSA
Phase 1 CB-182804 Lipopeptide e £. coli, Acinefobacter, P. aeruginosa
(Cubist) and Klebsiella
Preclinical Polyphor Protein epitope ® P geruginosa-specific
completed mimetics (novel class)
Preclinical Ceftaroline+NXL Cephalosporin+new | Stable against class A [ESBL)- and
completed 104 (Forest / blactamase-inhibitor | class C-producing B-lactamases
Novexel) e Enterobacteria, P. aeruginosa, MRSA
Preclinical BAL30072 Monobactam Stable against class C and class B
(Basilea) enzymes (mefallo-B-lactamases)
e Acinefobacter, P. aeruginosa,
enferobacteria
Preclinical NXL105 (Novexel) | PBP-nhibitor (novel e Gramrnegative bacteria
class)
Preclinical Aminoglycoside Aminoglycoside More stable against aminoglycoside-
(SelectX) modifying enzymes
Preclinical Achaogen Membrane biosyn- e Enterobacteria, P aeruginosa
thesis inhibitors
(novel class)

'As of 7/2009; adapted from Theuretzbacher, U, 2009'

Obituaries

It is with great sadness that we
inform you of the passing of three of
APUATs highly respected colleagues:

Morton A. Madoff, MD, MPH,
former Dean of Tufts University
Medical School, passed away at age 81
on June 16, 2009. He will be remem-
bered by his
family, friends,
students, and
colleagues as a
stellar physician,
public  health
leader, innova-
tor and educa-
tor. Among nu-
merous brilliant
accomplishments, Dr. Madoff con-
ceived of the Tufts Associated Health
Plan that was based on the unique 3-
way risk-sharing model, which is a
key element of the present Health
Plan proposed by Obama’s adminis-
tration under “accountable care
organizations” label. Dr. Madoff
served for several years as a valued
member of APUA’s Board of Di-
rectors. The eulogy, given by Vice
Dean Harris Berman can be found at
http://medical.alumni.tufts.
edu/downloads/Mort-eulogy.pdf.

Ms. Ruth Bwalya Tembwe (1959-
2009) was the Head of Zambia’s
National Reference Laboratory for
Tuberculosis. Ms. Ruth Bwalya
Tembwe received her education with
honors in Bradford UK and Diploma
Medical Laboratory Technology in
Lusaka, Zambia. She was one of the
founders of the APUA-Zambia Chap-
ter. Ms. Bwalya Tembwe had made
great contributions to the field
through extensive work in routine
diagnostics, research and teaching.

Mr. Angelino Manuel was one of
the founding members of the APUA-
Mozambique Chapter. Mr. Manuel
had extensive experience in microbi-
ology and contributed greatly to the
establishment and development of the
Mozambique chapter.



8

The APUA Newsletter Vol.27 No. 1 & 2

APUA Public Policy Actions

APUA is continually committed to
the effort of advising policy makers on
policy decisions, based on the latest
available research. Riding the recent
wave of increased attention to health
care reform and amplified research
funding promised by the current
administration, APUA has been active
in several policy related activities:

APUA provides Congressional

testimony on HIN1 pandemic

On May 14, 2009, APUA Vice-presi-
dent Thomas O’Brien testified before
Congressman Lynch and his Com-
mittee on issues surrounding the
HIN1 (Swine Flu) outbreak. APUA
drew on historical lessons of the 1918
influenza pandemic in order to alert
the legislators of possible forthcoming
challenges, in particular, the potential for
life-threatening secondary infections.
Multi-resistant MRSA has now spread
widely in the community, and will very
likely become a major contributor to
mortality in future influenza infections.
Confronted with an HIN1 pandemic,
the potential for multi-resistant second-
ary infections such as MRSA and pneu-
monia needs to be addressed as quickly as
possible.

APUA emphasized that participation of
all sectors that use antibiotics—human
medical, veterinary, and horticultural—
is essential in slowing down proliferation
of antibiotic-resistant bacteria. Alter-
natives to growth promoting and pro-
phylactic uses of antimicrobials in agri-
culture include improved management
practices, wider use of vaccines, and
introduction of probiotics. APUA’s testi-
mony recommended the following inter-
ventions:

e Surveillance: A good public
health surveillance system requires
local laboratory infrastructure to
recognize new or emerging infec-
tious diseases and to track the
prevalence of more established
ones.

e Basic Research: Genetic analysis
and bioinformatics accelerate find-

E,

APUA executives recently presented Congressional testimony
on the challenges posed by bacterial infection associated with
the HIN1 pandemic. From left: Congressman Stephen Lynch,
Kathleen Young (Executive Director), Thomas O’Brien (Vice

President)

ings critical to public health. This
area is seriously underfunded.

e Vaccines: While helpful, vaccines
should not be viewed as the entire
solution due to the frequency of
virus mutation.

e Sanitation: Clean water supplies,
personal hygiene and safe food han-
dling are now fundamental public
health practices in the U.S. that can
protect us from infectious diseases.

e Hygiene and antiseptics: In
almost all cases, antiseptics and
disinfectants are benevolent agents
that, when properly used, make an
enormous contribution to protect-
ing people, especially those facing
surgery.

e Antivirals: Influenza viruses
develop resistance quickly, and
overuse of Tamiflu or any antimi-
crobial will hasten drug resistance.
Prudent use of these therapeutics
means using them only for viral
infections and ensuring proper
dose and length of treatment.

e Antibiotics: The usefulness of
antimicrobial drugs can be ensured
only if they are used carefully and
responsibly. Any investment which
will improve antibiotic use and
preserve the power of exisitng
drugs is a good one.

The present HIN1 outbreak demon-
strates once again the value of an effec-
tive U.S. public health infrastructure
and the need for a coordinated global
surveillance program effort among all
health agencies. APUA urged passing of
the STAAR Act as an opportunity to
take leadership in the preserving the
power of antibiotics.

APUA seeks President
Obama’s support

Given the magnitude of antimicrobial
resistance problem, APUA feels strongly
that the government should pay more
attention to the issue through policy
changes and increased research funding.
On May 15, APUA submitted a letter to
President Obama requesting an alloca-
tion of additional funds that could help
combat bacterial infections in resource
poor countries. APUA asked the President
for his assistance in the appropriate distri-
bution of funds for diagnosis, treatment
and improvement of laboratory techniques
to fight pneumonia. APUA is currently
engaged in this endeavor in the U.S. and
countries such as Zambia and Uganda that
are in dire need of additional research, edu-
cation and project funding.

APUA continues support for
PAMTA and STAAR Act

The purpose of the PAMTA (Preservation
of Antibiotics for Medical Treatment Act of
2009; H. R. 1549) is to preserve the effec-
tiveness of medically important antibi-
otics used in the treatment of human and
animal diseases by reviewing the safety of
certain antibiotics for non-therapeutic
purposes in food-producing animals.

If passed, the Bill would amend the
Federal Food, Drug, and Cosmetic Act to
deny an application for use of a new criti-
cal antimicrobial animal drug. A “critical
antimicrobial animal drug” is defined as
“a drug intended for use in food-produc-
ing animals that contains specified antibi-
otics or other drugs used in humans to
treat or prevent disease or infection caused
by microorganisms.” An applicant could

BILLS IN CONGRESS continued on page 9
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BILLS IN CONGRESS continued from page 8

be exempted by demonstrating that there
is a reasonable certainty of no harm to
human health due to the development of
antimicrobial resistance attributable to
the non-therapeutic use of the drug. The
Bill requires the Secretary to withdraw
approval of a non-therapeutic use of such
drugs in food-producing animals two
years after the date of enactment of this
Act unless certain safety requirements are
met. It will also direct specified Con-
gressional Committees to hold hearings
on the implementation of such a with-
drawal of approval.

The bill was introduced to Congress on
March 17, 2009 by Louise Slaughter (D-
NY) along with 38 co-sponsors.

The STAAR Act (Strategies to Address
Antimicrobial Resistance Act; H.R. 24000),
if passed, will establish an Antimicrobial
Resistance Office (ARO) within the HHS
Office of the Assistant Secretary of
Health. The Director of ARO will serve as
the director of the existing interagency
task force, thus strengthening existing

efforts to control antimicrobial resistance.
The Act also establishes a Public Health
Antimicrobial Advisory Board (PHAAB)
comprised of infectious disease and public
health experts who will provide much
needed advice about antimicrobial resist-
ance and strategies to address it.
Importantly, the STAAR Act will: a)
strengthen existing surveillance, data col-
lection, and research activities as a means
to reduce the inappropriate use of antimi-
crobials, b) develop and test new interven-
tions to limit the spread of resistant
organisms, and ¢) create new tools to
detect, prevent and treat drug-resistant
infections.

The bill was introduced to Congress on
May 13, 2009 and sponsored by represen-
tative Jim Matheson (D-Utah).

The text and summary of the Acts are adopt-
ed from http://www.opencongress.org

Policy changes sought for

antibiotics in animal feed

APUA has continually expressed its
support of the 2006 recommendation by

the USFDA  Veterinary Medicine
Advisory Committee not to approve the
use of cefquinone, a fourth-generation
cephalosporin antibiotic, for use in agri-
culture. On April 1, 2009, APUA sub-
mitted a letter to Dr. Sharfstein, Deputy
Commissioner of the USFDA, urging the
agency to increase its efforts in removing
broad-spectrum antibiotics from agricul-
ture and animal feed. It also recommend-
ed that the FDA reissue the ban on extra-
label use of cephalosporins in agriculture
and expressed support for the work that
the Kegp Antibiotics Working group does by
offering scientific and clinical guidance.
In response to Dr. Sharfstein’s request
that APUA add its influence to the
Administration’s new policy positions in
the area of antibiotic use in agriculture,
APUA has signed on to the letter.

Dr. Sharfstein has testified before the
House Committee on Rules on the dire
need of preserving the effectiveness of
antimicrobials and banning the use of
antimicrobial drugs in agriculture for
non-judicious purposes, including growth
promotion and feed efficiency.

APUA reactivates “prudent use” efforts in agriculture

The cost of drug resistant infections is
of particular concern as the United
States Congress considers universal
health insurance. APUA’s mission is to
promote improvement in the use of
antibiotics in all sectors—human med-
ical, veterinary, aquaculture, and horti-
culture. The ultimate goal is cost-effec-
tive infectious disease treatment and
control.

Towards this end, in 2000, APUA ini-
tiated a 2-year project called Facts about
Antimicrobials in Animals and the Impact
on Resistance (FAAIR) to gather evidence
about human health impacts of antimi-
crobial misuse in agriculture. That
effort culminated in the 2002, APUA
FAAIR report, The Need to Improve
Antimicrobial  Use in  Agriculture:
Ecological and Human Health Consequences
(Clin Infect Dis. Vol. 34, Supplement
3), published as the first comprehensive
peer review on the topic since the 1986
IOM report.

The FAAIR report findings were pub-
licized in scientific journals and in
major news outlets such as USA Today
and the LA Times and at a press confer-
ence at the National Press Club in
Washington, D.C. They were also used
as evidence in policy debates, including
the successful FDA lawsuit to support
the withdrawal of fluoroquinolones in
food-animal production.

The FAAIR Report outlined several
lines of evidence linking antimicrobial
resistant pathogens in humans to the use
of antimicrobials in food animals. These
include the following: (i) direct epidemi-
ological studies, (ii) temporal evidence
for emergence of resistance in animal-
associated bacteria before their appear-
ance in related human pathogens, (iii)
additional circumstantial evidence, (iv)
trends in resistance among Salmonella,
Campylobacter, and Escherichia coli iso-
lates, and (v) studies suggesting that
farmers and family members may be

more likely than the general population
to acquire antimicrobial-resistant bac-
teria (see http://www.tufts.edu/med/
apua/Ecology/faair.html for the full
FAAIR report).

Since that report, APUA has remained
an active advocate for promoting
improvement of antibiotic use through
correspondence with regulators, con-
gressional testimony, and publicity in
the lay media (see the public policy sec-
tion of APUA. org at http://www.tufts.edu/
med/apua/public_policy/legislation.html).

New funding from the PEW
Charitable Trusts Foundation will
enable APUA to reactivate its role in
improving antibiotic use in agriculture.
The project will produce an extensive
review of related scientific literature,
coordinate meetings with scientific
experts and policy makers to update the
science, and explore implementation of
the EU ban on antibiotic growth pro-
motion use.
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Social marketing framework published in JAC

APUA is partnering with The Centers
for Disease Control and Prevention (CDC)
in their annual Get Smart campaign to raise
awareness of improper antibiotic use. The
campaign will reach out to pharmacies and
health care providers with the goal of edu-
cating the public, particularly in light of
the HIN1 pandemic. It also comes at a
time when APUA has released a publica-
tion that resulted in significant findings
that behavioral intervention programs can
work in social groups when multiple chan-
nels of communication are used.

APUA’s stu-

Ge;mad . dy, sponsored

Antibiofics Week . by an unre-

October3112009" stricted grant

GET? from  Pfizer
Inc., was pub-

SMA lished in the
T —— Journal  of
www.cdc.gov/getsmart -, .. Lo
http:/ /www.cdc.gov/GetSmart  Chemotherapy
/ campaign-materials /week/ JAC). (Sustain-
buttons /gsw-web-buttonhtml  abiliry for behav-

iour change in
the fight against antibiotic resistance: a social
marketing  framework T. Edgar et. al.
2009, vol. 63, 230-237—see http://jac.
oxfordjournals.org/cgi/content/full/63/2/230).
The study evaluated the types of cam-
paigns that have been implemented in var-
ious countries to reduce antibiotic use for
colds, as well as their effectiveness in rais-
ing awareness of the general public and
health professionals about proper antibiot-
ic use. The main study findings were as
follows:

1. Significant changes in social

behavior can be, and have been
achieved, in some European coun-
tries such as Belgium and in
Australia.

2. The interventions are most suc-
cessful when multiple communi-
cation channels are employed.

3. Lasting results for even most suc-
cessful intervention programs are
hard to achieve. To help perpetu-
ate success, programs should
adhere to the six criteria of social
marketing as developed by
Andreasen, leading scholar in
social marketing:

1) Focus on behavioral change and
design an intervention pro-
gram that is lucid, unambigu-
ous and easy to follow.

2) Understand your target audi-
ence through studies on popu-
lation behavior and their per-
ception of the studied issue.

3) Consider subpopulations that
often have different perspec-
tives on an issue. For instance,
doctors will not respond to the
same intervention messages as

would patients with small
children.

4) Try to communicate the imme-
diate benefits of behavior
change. For example, the fact
that antibiotic-resistant bacte-
ria may develop due to inap-
propriate use of antibiotics is
too intangible a motivator to
elicit a change in habits.

5) To implement interventions, rely
on a complete marketing mix to
appeal to a wider audience and
make a stronger impact in
behavioral change. The market-
ing mix discussed by Andreasen
consists of Promotion, Product,
Price and Place.

6) Consider aspects of competi-
tion, i.e., the choice presented
between the status quo and
changing one’s behavior. For
example, physicians with time
contraints may opt to prescribe
an antibiotic for a cold rather
than educate a patient on its
worthlessness for that illness.

Schoenbaum retires from APUA
Board of Directors

APUA announces the retirement of
Dr. Stephen Schoenbaum, executive
vice president for programs at The
Commonwealth Fund, from the APUA
Board of Directors after 9 years of ded-
icated service. As chairperson of the
APUA Development and Nominating
Committee, Dr. Schoenbaum provided
invaluable strategic leadership and
advice which paved the way for several
important APUA project grants. He
was a uniquely engaged and vibrant
board member. We thank him for his
generous service and wish him well in
his continued role as VP at The
Commonwealth Fund, where he is very
involved at a high level in the US
national health care reform debate.

New chapter welcomed:
APUA-AUSTRIA

APUA announces its newest country
chapter, APUA-AUSTRIA, and welcomes
the scientists who together lay the founda-
tion for this new endeavor. The chapter
will be led by Annegret Frank.

Antimicrobial resistance is already a top
priority for public health authorities in
this country, with initiatives {e.g., The

Austrian ABS (Antibiotic Stewardship)
Initiative} dating back to the year 1998.

The planned objectives of the Austrian
APUA chapter are summarized as follows:

® The promotion of all types of activi-
ties that aim for the optimization of
antibiotic use in hospital and primary
care

® The promotion of continuous (fur-
ther) education of all interest groups
in this context (educational pro-
grams, workshops, symposia, con-

gresses etc.)

® The development and dissemination
of information and educational
materials, dissertations and other sci-
entific work

® The promotion of the collaboration
and networking of Austrian and
international health professionals
with research scientists, public
authorities, hospital administration,
the pharmaceutical industry and sci-
entific organizations
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Launching of the Awntibiotic Situation
Analysis and Needs Assessment project in
Uganda and Zambia was announced in
the previous APUA Newsletter. The proj-
ect, funded by the Bill & Melinda Gates
Foundation, is in full operation, follow-
ing approval by the appropriate univer-
sity ethics committees in both countries
and here in Boston. It is designed to
conduct a comprehensive analysis and
needs assessment to evaluate antibiotic
use and the resistance problem in these
two countries. The acquired knowledge

Susan Foster, APUA Project Pl, trains students at Makerere University,
Kampala , Uganda.

is expected to contribute to appropriate
healthcare practice and policy in Africa.

APUA’s International Advisory Board
met in Boston in March, 2009 and con-
vened an eminent group of experts to
review plans and provide guidance.
Among those attending were Drs. Keith
Klugman, Iruka Okeke, Kenneth
Lawrence, and Michael Bennish. In
Boston, several interns from Boston and
Tulane Universities’ Schools of Public
Health have been recruited to conduct
literature reviews on antibiotic resist-
ance and on pharmaceutical distribution
and supply systems in Uganda and
Zambia.

The APUA team, comprised of Drs.
Susan Foster, Anibal Sosa, and Tom

O’Brien, met with APUA-Zambia chap-
ter members in early January and iden-
tified a project manager (Dr. Chileshe
Lukwesa, M.D.) and a pharmaceutical
advisor. A project field office and a pro-
ject administrator have also been identi-
fied. Stakeholders were briefed on pro-
ject activities and goals, and a Country
Advisory Team was formed. Dr.
Chileshe has assessed the current state of
knowledge on antibiotic resistance in
Zambia and 17 laboratory sites around
Zambia are being visited by a team of
three microbiology gradu-
ate students in order to
assess their potential roles
in the surveillance of antibi-
otic resistance.

In Uganda, the work is
also progressing rapidly. A
~ country project manager has
been named (Dr. Florence
¥ Najjuka, of the Makerere
. University College of Health
Sciences Department of
Medical Microbiology), as
well as a Project Coordinator
(Pharmacist, Ms. Annette
Naggayi). In June, fieldwork
began with over 90 Maker-
ere  University medical,
pharmacy and dental students who
received a one-week training program in
use of the questionnaires,
data entry, and handheld
GPS units to mark loca-
tions of informal sector
drugshops. The students
are working under the aus-
pices of the Community
Based Education and Ser-
vices (COBES) Program of
Makerere University’s Col-
lege of Health Sciences.
Following training, they
departed for data collec-
tion from 11 sites country-
wide. A Boston University
intern, Joe Novotny, is

Trained students, equipped with computers,
scanners, printers and GPS units, depart for field-
work assignments

and assisting with data entry. Equipped
with a laptop computer, scanner, printer,
and GPS unit, each team is collecting
information on the use of antibiotics in
the formal sector, as well as among
informal sector drugsellers. Over 1000
samples of antibiotics from both sectors
and from private pharmacies are being
collected for quality and potency test-
ing. A subset of samples which “fail”
initial domestic screening assays will be
sent to an external, internationally rec-
ognized laboratory for confirmation.
Pending activities include the assess-
ment of surveillance capacities in over
20 labs by a team of three microbiology
graduate students from Makerere
University.

overseeing the fieldwork Boston University intern, Joseph Novotny, and students in Kololo, Uganda
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APUA building lab capacity in Sub-Saharan Africa

The APUA chapter network provides an
international support structure for improv-
ing local capacity for disease surveillance,
diagnostics and control with a focus on
acute bacterial diseases—the leading cause
of deaths in children under five in Sub-
Saharan Africa.

APUA International Chapter Director,
Dr. Anibal Sosa and Executive Director
Kathleen Young attended an IZUMI foun-
dation Grantees meeting on June 16.
APUA reported on its progress in estab-
lishing the APUA chapter network in
Africa—a project partially sponsored by
this foundation and by USAID and WHO.

Antimicrobial resistance is considered one
of the top global health threats and is par-
ticularly devastating in sub-Saharan Africa.
Of particular concern in Africa are the
absence of essential antimicrobials in the
national drug formularies; lack of access to
antibiotics medicines; inappropriate antibi-
otic prescribing and dispensing practices;
the availability of counterfeit and sub-stan-
dard drugs; and the unregulated or uncon-

trolled sale of drugs, all of which, along
with many other factors, contribute to an
accelerated antimicrobial resistance (AMR)
rate as described by Okeke and Sosa.!

With the support of the Izumi
Foundation, APUA set out to decrease
morbidity and mortality for the patients in
the region through education and capacity
building. Targeted countries were Nam-
ibia, Gambia, Tanzania and Mozambique.
The objectives were to: (1) improve treat-
ment of acute respiratory infections and
diarrheal diseases at the community level,
(2) improve access and use of antimicrobials
and decrease antimicrobial resistance; and
(3) establish an APUA chapter organization
in targeted countries as a sustainable
resource to educate health care practitioners
in disease management and antimicrobial
prescribing practice. Activities included
antibiotic resistance surveillance training
and targeted antimicrobial use education
and the development of a multi-discipli-
nary, multi-sectorial APUA chapter capa-
ble of sustaining related efforts for the fore-
seeable future.

APUA Country Chapters in Africa

[l Established APUA Chapter
@® APUA Chapter in Process

mongab ay.com

Project benefits at the community level:

* Improvement of antibiotic treat-
ment of acute respiratory tract
infections (ARI) and diarrheal dis-
eases through introduction of labo-
ratory training and surveillance
capacity

Country-specific assessment of the
AMR situation and work plan based
on local priorities

Improved and standardized proto-
cols for antimicrobial susceptibility
testing and quality control

Identification of the most prevalent
resistant pathogens and temporal
trends to guide healthcare practi-
tioners

“Targeted approaches for antibiotic
management in the developing
world,” an article published in the
APUA Newsletter

Inclusion of new APUA-Chapter
members on the International
APUA clinical list-serve, which pro-
vides regular up-dates from APUA
headquarters on antibiotic resistance
and use

Ongoing provision of APUA News-
letter and other APUA links follow-
ing the project completion

Examples of chapter activities

APUA-The Gambia: Conducted the 1st
Symposium on Prudent Use of Antibiotics
and Control/Prevention of Antimicrobial
Resistance. A survey of practitioners’ pre-
scribing practices and microbiological
assessment is underway.

APUA-Namibia: Installed antimicro-
bial resistance surveillance software
(WHONET) at the Namibian Institute of
Pathology and PathCare. Chapter leader-
ship is currently assisting the Windhoek
Central Hospital with its development of
antibiotic policy.

APUA-Tanzanija: Chapter leadership
has published relevant articles—among
them, “Surveillance of antimicrobial
resistance at a tertiary hospital in
Tanzania.”™

References

1 Okeke I & Sosa A. Africa Health. 2003. 25(3): p10-15.

2 Blomberg B, Mwakagile DSM, Urassa WK et al.
hetp://www.biomedcentral.com/1471-2458/4/45
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- Ask the Experts———

APUA's scientific advisors provide
their expert opinions on key ques-
tions in diagnostic and antibiotic
development and public policy
response.

Q. What is the real medical need for new
gram-negative bospital agents in the
U.S. and abroad for Enterobacteriaceae,
Pseudomonas, and Acinetobacter?

A. There is a definite medical need for
new antibiotics for infections by gram-
negative bacilli due to lack of effective
hospital infection control methods, as
well as a paucity of effective antibiotics
to treat these infections. While MRSA is
the major form of hospital infection, it
can be managed with infection control
measures and there are several effective
new drugs in development. In the UK
and in several hospitals in the USA,
MRSA infections have been reduced sig-
nificantly by environmental measures.
Similarly, C. difficile can be brought
under control in some centers, particu-
larly in the UK, using stringent environ-
mental measures and antibiotic restriction
policies and there are some new drugs
under development (see Table 1, page 7).

Environmental control of gram-negative
infections is much more difficult. A vari-
ety of different species are causing wide-
spread hospital infections, including
Pseudomonas, Klebsiella, and Acinetobacter.
Each organism has its particular epidemi-
ology and multiple strains can cause dis-
ease in a single hospital. These gram-
negative bacilli are ubiquitous in the hos-
pital: sinks, bedpans, beds, and other
inanimate objects. Infection control meas-
ures are difficult to implement and
enforce. Furthermore, few new antibiotics
are available in the pipeline for treating
these infections. We are now relying on
antibiotics from fifty years ago to treat
certain highly resistant infections, e.g.,
colistin and polymyxin.

The gram-negative infection problem is
widespread and highly virulent. It poses
challenges in all regions of the world due
to a lack of good infection control meas-
ures and few new effective antibiotics.

Responder: Sherwood Gorbach, MD Chief,
Nutrition/Infection Unit, Dept of Family
Medicine & Community Health, Tufts
University School of Medicine

Q. What is the status of evolving resist-
ance among gram-negative organisms
and the accuracy of automated method-
ologies in detecting these mechanisms?

A. Acquired antimicrobial resistance
among gram-positive and gram-negative
bacteria isolated from colonized or
infected patients is a continuing prob-
lem. It is important for clinical laborato-
ries to utilize antimicrobial susceptibili-
ty test (AST) systems that allow accurate
recognition of resistant bacteria. The
options for AST include reference meth-
ods such as those described by the
Clinical and Laboratory Standards
Institute (CLSI) or commercial test sys-
tems. Some commercial test systems are
similar to reference methods in that
results are generated after overnight
incubation and some commercial test
systems are automated and generate
results in as little as 6-8 hours.

Advantages of automated systems
include: labor savings for the laboratory;
objective interpretation of endpoints and
interpretation of results; incorporation of
“expert” software that automatically flags
unusual results and applies important
testing and reporting rules; and capability
of interfacing with a laboratory’s informa-
tion system, thereby eliminating potential
transcription errors when reports are gen-
erated. In an era when there is a shortage
of qualified and trained personnel to per-
form laboratory tests, it is critical that
information technology (IT) be utilized to
the maximum. The IT component, in
addition to testing accuracy and adequate
staff training, are essential to the success of
any AST system.

One disadvantage of automated AST sys-
tems involves cost to the laboratory, which
may be offset by cost savings outside of
the laboratory if rapid results enable more
rapid use of directed antimicrobial thera-
py- A major criticism of rapid automated
AST systems has focused on their inabili-
ty to detect some types of acquired resist-
ance during their short incubation cycle.
This criticism has been voiced since the

inception of rapid automated AST systems
back in the 1970s. A number of papers
reference several current testing accuracy
concerns, and there is also concern that
AST systems that were cleared by FDA for
use in diagnostic testing several years ago
may not adequately detect any new resist-
ance that emerges. Despite these facts,
many clinical laboratories in the USA and
beyond use rapid automated AST systems
for diagnostic testing, and there are limit-
ed data to suggest there have been adverse
patient outcomes directly related to use of
these systems. This may be due in part to
the fact that it would be difficult to prove
that an AST system is at fault when many
factors may contribute to failure of an
antimicrobial agent in treating an infected
patient.

Clinical microbiology laboratories
should be aware of any limitations of the
AST system they use, whether it be a
rapid automated system or manual refer-
ence system. They should also take advan-
tage of all IT features available to help
avert potential errors in reporting. Finally,
it would seem prudent for the FDA to
mandate periodic reassessment of com-
mercial AST systems to ensure they can
accurately detect any new resistance that
emerges.

Responder:  Janet Hindler, MCLS MT
(ASCP) Sr. Specialist, Clinical Microbiology
UCLA Medical Center
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