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There are striking similarities between the dual pandemics of multidrug-resistant tuberculosis (MDR TB)
and multidrug-resistant Gram negative bacilli (MDR GNB) despite fundamental differences in the patho-
genesis and epidemiology of these pathogens. In this perspective, we highlight several strategies that
have been used by the global TB community to address the MDR TB problem, including approaches to:
encourage appropriate use of anti-TB medications, enhance appropriate utilization of molecular diagnos-
tic testing, facilitate development of new antimicrobial agents, and strengthen surveillance systems and
infection control practices. Understanding the successes and challenges of these strategies for MDR TB

MDR control will be instructive for efforts to curb emergence and spread of MDR GNB.
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MDR TB and MDR GNB: disease burden

MDR TB was first recognized as a problem in the late 1990s
and now affects roughly 500,000 people annually, accounting for
3% of new TB cases and 20% of previously treated TB cases world-
wide [1]. Although 50% of the global burden of MDR TB occurs in
India, China, and the Russian Federation [1] (Fig. 1), MDR TB and
extensively drug-resistant TB (XDR TB) have emerged and spread
worldwide, with transmission often facilitated through interna-
tional travel. Foreign-born individuals account for 90% of US MDR
TB cases [2] and stories of XDR TB patients traveling by commer-
cial airlines make headlines [3]. As there are few new, effective
drugs to treat these resistant strains, MDR/XDR TB patients receive
second line agents that are more toxic and costly, and less effec-
tive than first line therapies. Globally, among patients with MDR
TB who are initiated on therapy, only about half are successfully
treated. In 2014 there were an estimated 190,000 deaths due to
MDR TB [1]

While attention has been focused on MDR TB for decades, the
global emergence of other drug resistant bacteria has only recently
been recognized as a public health emergency [4]. The press in-
creasingly report stories about extensively drug-resistant bacteria
that are resistant to most existing antibiotics and are thought to
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be “untreatable” [5, 6]. In 2014, President Obama’s Council of Ad-
visors on Science and Technology published a report calling an-
timicrobial resistance a national security threat that causes over 2
million illnesses, $20-35 billion in excess direct healthcare costs,
$35 billion in loss of productivity, and 8 million additional hospital
days each year in the US [7]. Worldwide, it is estimated that by
2050, 10 million people will die annually from antibiotic-resistant
infections [8].

GNB are among the most alarming antibiotic-resistant
pathogens as they are often resistant to multiple antibiotic
classes and capable of rapidly spreading resistance genes through
mobile genetic elements. For example, the pandemic emergence of
the highly drug-resistant clone of Escherichia coli, sequence type
131 (ST131), occurred in less than 10 years [9]. Limited surveil-
lance data suggest that in some regions of the world nearly 70%
of GNB clinical isolates produce extended-spectrum S-lactamases
(ESBLs), which make them resistant to most S-lactam antibiotics
[10, 11]. Even more alarming is that in some studies, resistance to
carbapenems, known as last-resort antibiotics, has been reported
in up to 68% of Klebsiella pneumoniae isolates [12-15]. India,
which has one quarter of the global burden of MDR TB, is also
the epicenter of carbapenem-resistant, New Delhi-metalloprotease
(NDM)-producing strains of Enterobacteriaceae [16], which have
been found contaminating environmental sources [17]. As with
MDR TB, international travel has facilitated spread of MDR
GNB, with travel to regions of the world with high ESBL and
carbapenem-resistant Enterobacteriaceae (CRE) rates identified as a

2405-5794/© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://dx.doi.org/10.1016/j.jctube.2016.03.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jctube
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jctube.2016.03.004&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:banerjee.ritu@mayo.edu
http://dx.doi.org/10.1016/j.jctube.2016.03.004
http://creativecommons.org/licenses/by-nc-nd/4.0/

R. Banerjee, ].R. Starke/Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 3 (2016) 28-34

Number of MDR-TB cases estimated to occur among notified pulmonary TB cases, 2013
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Fig. 1. MDR TB (A) and extended-spectrum p-lactamase (ESBL)-producing E. coli (B) are prevalent in similar regions of the world.

risk factor for acquisition of MDR GNB in several studies [18-22].
Similar to patients with MDR TB who must rely on second-line
anti-TB drugs, those with MDR GNB often receive second-line
agents that are more toxic and expensive but less effective than
first-line therapies, contributing to poor outcomes. Mortality rates
for carbapenem-resistant Enterobacteriaceae infections range from
18-48% [23, 24| compared to 10% for carbapenem-susceptible
infections [25]. In India alone, drug-resistant pathogens, many of

which are GNB, are estimated to cause 58,000 neonatal deaths
[26].

MDR TB and MDR GNB are human-made problems
Both MDR TB and MDR GNB have arisen through missteps at

the level of patients, providers, and health systems and are human-
made problems. They have flourished in regions of the world with
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impoverished or poorly functioning healthcare systems and insuffi-
cient laboratory capacity that hinders rapid diagnosis, appropriate
treatment and infection control interventions. These deficiencies,
in turn, create further selection pressure for emergence and trans-
mission of resistant pathogens [27-29]. The MDR TB and MDR GNB
epidemics are multifactorial in origin, but the main causes are mis-
use of antimicrobial drugs and poor infection control technique.

The marked geographic variation in MDR TB prevalence is due
to differences in the quality and influence of national TB programs.
Regions with high MDR TB prevalence tend to have: poorly func-
tioning national TB programs that do not routinely administer TB
medications through Directly Observed Therapy (DOT) with subse-
quent poor patient adherence; poor quality of TB medications; a
significant proportion of TB care given in the private sector; lack
of laboratory capacity, medications, and access to healthcare; and
inadequate infection control in healthcare facilities and congregate
settings leading to sometimes profound and sustained transmission
of MDR TB [30,31].

Similarly, antibiotic misuse and poor infection control are the
biggest drivers of GNB drug resistance. It is estimated that 60%
or more of hospitalized patients or residents of long-term care
facilities in the US receive antimicrobials and that up to half of
these antimicrobial prescriptions are inappropriate [4,32]. In US
ambulatory settings, there are 11 million unnecessary antibiotic
prescriptions given each year to children for management of viral
respiratory tract infections [33]. Antibiotic abuse is even more
rampant in low and middle income countries; these countries had
the greatest increase in antibiotic use between 2000 and 2010
and tend to have the highest prevalence of MDR GNB (Fig. 1) [26].
India, followed closely by China, leads the world in total antibiotic
consumption [26]. Not surprisingly, they also have the greatest
number of MDR and XDR TB cases. Many low and middle income
countries also have variable and often poor quality of health-
care, limited laboratory capacity, and poor quality antimicrobial
agents that are commonly available over-the-counter, without a
prescription [26,27,34,35].

Throughout the world, antibiotics are also abused in agricul-
ture, where they are used as growth promoters or for routine
mass prophylaxis of livestock, thereby contributing to the rise in
drug resistant pathogens. It is no surprise that many of the coun-
tries consuming the largest amounts of antibiotics for livestock
(e.g. China, India, Russia) also have high prevalence of MDR GNB
[14,26]. In contrast, the European Union banned use of antibiotics
as feed additives in agriculture in 2006 which led to substantial
decreases in antibiotic sales for livestock in many countries in
Western Europe [26]. There is some data from high income coun-
tries that decreased antibiotic use in farm animals is associated
with lower prevalence of antibiotic resistant strains in humans
[36]. Lastly, as with MDR TB, there are numerous examples of poor
infection control leading to acquisition and spread of MDR GNB
within healthcare settings [37-40]. Enhanced infection control
interventions such as active surveillance of infected or colonized
individuals, and patient and/or staff cohorting were critical for
halting outbreaks of carbapenem-resistant Enterobacteriaceae in
Israel [41] and the U.S. National Institutes of Health [40].

MDR TB in New York City: a success story in curtailing
emergence and spread of drug resistance

New York City was the epicenter of MDR TB in the US in the
1980s and 1990s, largely due to a “perfect storm” of decreased
funding for TB control programs, growth in HIV-infected, poor,
homeless, and immigrant populations, and poor infection control
in hospital settings [42] . Between 1978 and 1992 the number
of TB cases in New York City tripled, reaching a case rate of
222/100,000 in some parts of the city [43]. The proportion of TB

cases caused by MDR strains approached 25%, with case fatality
rates of greater than 80% [43]. There was “massive noncompli-
ance” among TB patients, with TB treatment completion rates as
low as 11% [44]. In 1991, 61% of the nation’s MDR TB cases oc-
curred in New York City, and many were in individuals without
previous TB treatment history, suggesting primary transmission of
resistant strains. Moreover, several MDR TB outbreaks were docu-
mented in hospitals and congregate settings that lacked effective
infection control procedures in both ambulatory and inpatient set-
tings, and allowed crowding of inadequately treated TB patients.

Only after TB control programs were bolstered through in-
creased funding (ultimately costing over $1 billion), did the epi-
demic in New York end [42]. Within two years of making program-
matic improvements such as increased staffing, improved labora-
tory diagnostics, and better infection control, there was a substan-
tial decrease in the number of TB cases. The city was able to pro-
vide TB therapy via DOT to more than 1200 patients by 1994, as
opposed to fewer than 50 in 1983, leading to TB treatment com-
pletion rates above 90% [43]. Improved practices for screening, iso-
lation, and follow-up of incarcerated individuals and better infec-
tion control in hospitals and congregate settings contributed to re-
duced transmission. Broader use of M. tuberculosis drug suscepti-
bility testing and genotyping led to earlier diagnosis of drug resis-
tance, more timely initiation of effective therapy, and understand-
ing of transmission pathways. A combination of political commit-
ment, sufficient funding, and infrastructure development were the
cornerstones of controlling MDR TB in New York City, where nearly
all MDR TB cases are now imported, rather than created locally
[42].

Response to the MDR TB epidemic

The global TB community has responded to the emergence and
spread of MDR TB through a variety of multidisciplinary strategies,
as was done in New York City. It has been approached from both
the personal health - such as adherence to therapy - and the pub-
lic health points of view. Below we highlight core TB control strate-
gies that are relevant to the management of the current epidemic
of MDR GNB.

Antimicrobial stewardship

The phrase “antimicrobial stewardship” has wusually been
reserved for discussions of antibiotics like penicillins or
cephalosporins and historically has not been used when re-
ferring to TB [45]. However, the global TB community has long
been practicing stewardship of TB medications. It is well-known
that among risk factors for drug-resistant TB disease are prior
TB treatment, poor medication adherence, inadequate medication
regimens or poor drug quality which can lead to subtherapeutic
drug levels and acquired drug resistance. The World Health Or-
ganization, Stop TB Partnership, and Global Drug Facility began
providing low resource areas with affordable, high quality TB
medications, including pediatric formulations and second-line
drugs for treatment of MDR TB in 2001 [46, 47]. Directly observed
therapy (DOT) has been implemented by many public health
departments worldwide for decades to improve TB treatment
adherence and completion rates, and to lower the incidence of
severe adverse drug reactions [48]. More recently, to provide
DOT to difficult-to-reach populations, strategies such as video or
smartphone-assisted-DOT and other eHealth innovations are being
implemented [49]. Appropriate doses and durations of anti-TB
therapy based on resistance phenotypes, patient characteristics,
and clinical disease have been well-established through high
quality and well-funded clinical trials, and are recommended in
national and international TB treatment guidelines [50,51]. Lastly,
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use of the novel and costly drug, bedaquiline, is restricted in order
to prevent its overuse, preserve its activity, monitor its safety, and
control costs [52]. All of the above strategies demonstrate that the
TB community has embraced the concept of global antimicrobial
stewardship of TB medications in order to optimize clinical out-
comes, reduce transmission and toxicity, and prevent development
of drug resistance.

Rapid diagnostic test development and implementation

One of the major barriers to timely TB diagnosis and treatment
is limited laboratory capacity and lack of timeliness for M. tubercu-
losis identification and resistance detection in resource-limited set-
tings. It is estimated that greater than 80% of MDR TB cases that
arise each year remain microbiologically undiagnosed [53]. To ad-
dress this limitation, significant resources have been invested in
rapid, point-of-care molecular diagnostics for TB, leading to the
development of line probe assays, fluorescence microscopy, lig-
uid cultures, and the Xpert MTB/RIF assay [54]. Among these, the
Xpert MTB/RIF assay, which simultaneously detects M. tuberculo-
sis complex DNA and rifampin resistance (a reliable surrogate for
MDR TB) [55] from clinical specimens within 2 h, and does not
require specialized laboratory infrastructure or technologist skills,
was selected for global roll-out. This assay was developed within 4
years through a collaboration among academic and industry part-
ners, including Cepheid, FIND, University of Medicine and Dentistry
of New Jersey (UMDN]), the National Institutes of Health (NIH),
and the Bill and Melinda Gates Foundation [54,56,57]. Critical for
the development and programmatic implementation of this assay
was the pooling of resources needed for test development, clin-
ical validation trials, and field evaluations, and industry partners
who agreed to flexible product pricing [57]. It was endorsed by the
WHO in 2010 and soon after Ministries of Health of high TB bur-
den countries developed guidelines, policies, and frameworks for
Xpert MTB/RIF implementation [58].

Implementation of the Xpert MTB/RIF has led to a 3 fold
increase in MDR TB case detection rates globally [59], with 116
countries using over 10 million Xpert MTB/RIF tests, including
4.8 million in 2014 alone [1, 60]. Yet while Xpert MTB/RIF is the
most exciting innovation in TB diagnostics in over 100 years, and
should, in theory, enable more timely diagnosis of MDR TB, facil-
itating prompt and optimal treatment for MDR TB patients, it has
limitations, including inability to distinguish MDR isolates from
those that have rifampin mono-resistance, or those containing
rpoB mutations that are silent, clinically insignificant, or outside of
the targeted region of the gene [61]. In addition, in some places
the impact of Xpert MTB/RIF has been limited by cost, infras-
tructure, and health system challenges [62]. In response, the cost
of required cartridges was recently reduced through a financial
agreement among the manufacturer, the Gates foundation, USAID,
PEPFAR, and UNITAID [63]. It has also become clear that enhanc-
ing systems throughout the care continuum of TB is essential for
the Xpert MTB/RIF test to have optimal impact. For example, in
India, although MDR TB case detection rates have increased since
implementation of the Xpert MTB/RIF, only 20,000 of an estimated
64,000 patients with MDR TB were placed on appropriate therapy
in 2013 [64]. Similarly, in South Africa, despite use of the Xpert
MTB/RIF assay, only 70% of MDR TB patients were started on
effective treatment within 1 month due, in part, to poor provider
compliance with the national recommendation to order a second,
confirmatory sputum sample [65].

Adoption of the Xpert MTB/RIF has been slow in certain regions
in part due to distrust of the new test, lack of clarity about testing
algorithms [66, 67], insufficient funding for programmatic scale up,
and lack of available second-line TB treatments [68, 69]. As more
MDR cases are diagnosed, countries must be able to treat patients

with second line drugs, which are 50-200 times more costly per
patient than are first line drugs [56] and often of poor quality [54,
57, 66]. Since the roll-out, studies have demonstrated that the per-
formance, impact, and cost-effectiveness of the Xpert MTB/RIF test
vary by disease prevalence, population, resources, and current test-
ing and treatment algorithms [54]. It has become clear that to op-
timally impact the care of patients, rapid test development alone
is not sufficient. Rather, systems must be in place to ensure access
to new diagnostics, confirmation of rapid test results with stan-
dard culture and susceptibility testing, appropriate use and inter-
pretation of rapid testing, and access to second-line drugs, when
needed. Evaluation of the Xpert MTB/RIF assay’s impact in various
settings and different implementation models is ongoing [70].

New drug development

The pharmaceutical industry had, until recently, pulled out of
the antimicrobial drug development market, stalling development
of new antibiotics against Mycobacterium tuberculosis and other
bacteria. The most recently developed first line drug for TB was
rifampin which became available in 1968. In place of industry,
government and non-government organizations such as the NIH
and the Bill and Melinda Gates Foundation stepped up to fund
translational research for TB drug development [57]. Not-for-profit
product development partnerships were also created, including the
Global Alliance for TB Drug Development, TB Drug Accelerator, the
Lilly Early TB Drug Discovery Initiative, More Medicines for TB,
and Orchid [53]. Several advocacy groups such as Treatment Action
Group (http://www.treatmentactiongroup.org) and RESULTS (http:
/[www.results.org/issues/global_health_tuberculosis/) were also in-
strumental in increasing political will and support for TB drug re-
search. After 40 years without any new TB drugs, Bedaquiline, a di-
arylquinoline, received accelerated FDA approval in 2012 [71] and
Delamanid, a nitroimidazole, received approval from the European
Medicines Agency in 2013, both approved for treatment of MDR
TB [53,72]. In addition, PA-824, another nitroimidazole, will soon
be evaluated in phase III clinical trials in combination with mox-
ifloxacin and pyrazinamide. Shorter course TB therapy was evalu-
ated in clinical trials and, in 2011, 3 months of once-weekly iso-
niazid and rifapentine was endorsed by the CDC for treatment of
latent TB infection, the first new regimen in decades for the treat-
ment of latent TB infection [73]. The recent successes in TB drug
development underscore the importance of adequate investment in
basic research, product development partnerships, economic incen-
tives for pharmaceutical companies, an accelerated approvals pro-
cess, infrastructure for clinical trials in order to maintain robust
pipelines for antibacterial drug development, and the vital role of
patient advocacy.

Enhanced surveillance

The World Health Organization (WHO) established a global TB
reporting system in 1995 that has become invaluable to national
and global TB programs. The 20th edition of the Global Tuberculo-
sis Report was published this year and compiled TB data from 205
countries accounting for 99% of the world’s population [1]. Even
high TB burden countries like India have now instituted mandatory
notification of TB cases [1]. This level of surveillance makes it pos-
sible to obtain national and global estimates of TB disease burden,
drug resistance, treatment completion rates, and clinical outcomes
[1]. Strengthening TB surveillance systems has thus helped identify
areas for intervention, formulate national and global strategies for
improved TB control, and allowed public health agencies to set at-
tainable and measurable targets. For example, targets of halving TB
mortality and TB prevalence in 2015 compared to 1990 were met
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in several WHO regions [1]. Other targets - that all countries re-
port outcomes for notified MDR TB cases and that MDR TB treat-
ment success rates exceed 75% - have not yet been met and re-
quire further programmatic efforts [1].

Infection control

As demonstrated by MDR TB management in New York in the
1990s, rapid diagnosis and effective treatment of patients with
TB must be combined with effective infection control measures
to reduce transmission of drug-resistant TB [31,74-76]. A few
studies in low resource, high TB prevalence areas demonstrate
that community-based TB treatment is successful and avoids con-
gregation in hospitals [77-79]. In South Africa, where nosocomial,
drug-resistant TB outbreaks have occurred, home-based treatment
for both MDR TB and HIV, with administration of medications
by nurses and community health workers during home visits,
yielded high treatment completion and cure rates [77]. Additional
strategies include improving ventilation in healthcare facilities,
optimizing outdoor waiting areas, building TB isolation facilities,
redesigning patient triage and flow, reducing hospitalization times,
and using germicidal ultraviolet air disinfection [30].

Response to the MDR GNB epidemic

The global response to antibiotic resistant GNB has been slow
and disappointing, but now is focusing similar efforts on the same
five strategies that have guided the approach used in TB: (1) en-
hanced antimicrobial stewardship; (2) development of rapid di-
agnostics that more quickly identify pathogens and detect drug
resistance; (3) new antimicrobial development; (4) strengthened
surveillance systems; and (5) enhanced infection control prac-
tices. While TB has always been recognized and approached as
both a public health and personal health problem, tradition-
ally GNB drug resistance has been approached only on a per-
sonal level; the public health approach has only recently been
applied to GNB drug resistance. Earlier this year, the US Na-
tional Strategy for Combating Antibiotic Resistant Bacteria was un-
veiled [80]. This action plan emphasizes several key areas and in-
cludes regulatory mandates and economic incentives to facilitate
implementation [80].

The plan highlights the importance of strengthening antibiotic
stewardship and tracking antibiotic use in humans and animals.
This is analogous to how the TB community responded to MDR TB
by becoming better stewards of TB medications through the pro-
vision of DOT and enhanced surveillance of treatment regimens,
adherence and completion. In 2016, CMS will require all acute
care hospitals to have an antimicrobial stewardship program and
report data on inpatient antimicrobial use to the CDC’s National
Healthcare Surveillance Network. The National Strategy also cites
the importance of conducting stewardship in all healthcare set-
tings, including long-term and ambulatory care centers. Moreover,
legislation has been introduced to the US Congress to eliminate
nontherapeutic use of antibiotics in animals (Preventing Antibiotic
Resistance Act) [81]. Additionally, the White House hosted a Fo-
rum on Antibiotic Stewardship, attended by a variety of stakehold-
ers, including advocacy groups like the Safe Care Campaign (safe-
carecampaign.org), that have begun raising awareness about MDR
GNB. Furthermore, last year the Obama Administration announced
a $20 million prize for development of rapid, point-of-care di-
agnostics that identify drug resistant bacteria. Similar regulatory
mandates, patient advocacy, and financial incentives for rapid di-
agnostic development were critical to the recent successes in TB
care. However, as demonstrated by the variable impact of the Xpert
MTB/RIF assay in different settings, methods to most effectively

implement novel diagnostics for MDR GNB will require further
study.

There has also been recent legislation providing economic in-
centives for pharmaceutical companies to reenter the antibacterial
drug development arena. In part due to successfully lobbying by
the Infectious Disease Society of America and its call for 10 new
antibiotics by 2020 (10 x 20 initiative), the Generating Antibiotic
Incentives Now (GAIN) Act, was passed in 2012 and offers a 5-year
patent extension and an accelerated approval process for new
antibacterial agents that are considered infectious disease products
[82]. Legislation has also been introduced to accelerate the FDA
approval process for antimicrobial agents for the treatment of pa-
tients with serious or life-threatening infections who have limited
treatment options (Promise for Antibiotics and Therapeutics for
Health (PATH) Act [83]. These efforts have met with some success,
notably the recent FDA approvals of 2 new antibiotics with activity
against resistant Gram negative bacteria, ceftolozane/tazobactam
and ceftazidime/avibactam. Similar economic incentives and
public/private partnerships were critical for new TB drug
development.

More systematic evaluation of bacterial drug resistance at
institutional, national, and global levels has been essential for
MDR TB control and is incorporated into the National Action Plan
for combatting antibiotic resistant bacteria [80]. The US plans
to create regional public health laboratory networks to molec-
ularly characterize resistant bacteria and has started a multisite
Gram negative surveillance initiative through the US Centers for
Disease Control and Prevention [23]. Europe has a multinational
surveillance network called the European Antimicrobial Resis-
tance Surveillance network (EARS-Net) that collects and reports
resistance data from national surveillance systems [15]. However,
improved laboratory capacity and surveillance systems are badly
needed in other parts of the world, particularly in low income na-
tions with high prevalence of MDR GNB [15]. Some countries such
as India and Vietnam have started developing national surveillance
networks [15, 26]. The WHO provides free software for countries
to collect and share their antibiotic resistance data (WHONET)
(http://www.whonet.org), yet in the recent WHO report on global
antimicrobial resistance, data were inconsistently reported [84].
Recognizing the gaps in antimicrobial resistance surveillance in
many regions, the Bill and Melinda Gates Foundation, that has
supported much TB research, recently called for proposals involv-
ing novel methods to track the global burden of antimicrobial
resistance.

Just as strengthening infection control practices have been crit-
ical to reducing transmission of MDR TB, so better infection con-
trol is recognized as important for control of MDR GNB. Improving
hand hygiene, active surveillance, contact isolation for patients in-
fected or colonized with MDR GNB, and enhanced environmental
cleaning have been recommended by European and US agencies in
order to reduce spread of MDR GNB in healthcare settings [85-87].
Implementation of such bundled interventions has reduced preva-
lence of carbapenem-resistant Enterobacteriaceae (CRE) in acute
care hospitals and during outbreaks [39, 88]. For example, in 2007,
when Israel was experiencing a nationwide carbapenem-resistant
Klebsiella pneumoniae outbreak, the country’s Ministry of Health
implemented enhanced surveillance systems and infection control
practices at hospitals and long term care facilities. A combination
of sharing surveillance data among institutions, molecular charac-
terization of strains, identification and isolation of carriers, cohort-
ing of colonized patients and staffs, and active case finding, led to
a 10-fold reduction in transmission of these strains [89,90]. A sim-
ilar approach has been used to control outbreaks of CRE in the US
[39,91]. Enhancing infection control in areas with high prevalence
of MDR GNB is critical to controlling this epidemic, and has been
emphasized by the WHO [92,93].
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Table 1

Principles of TB control that can be applied to management of multidrug-resistant Gram negative bacilli (MDR GNB).

. Invest in and fast-track new drug development

O oo NOU A WN =

. Raise awareness that MDR GNB are a public health problem that can affect anyone

. Implement and enforce robust antimicrobial stewardship interventions, especially in the private sector

. Implement and enforce robust infection control and prevention interventions in healthcare and long-term care facilities

. Create systems for surveillance and mandatory reporting of MDR GNB and facilitate appropriate responses by health departments
. Foster new drug development through partnerships between industry and academia

. Build political will to incentivize antibiotic and diagnostic test development through regulation

. Encourage not-for-profit foundations and governments to support both basic science and translational research
. Support behavioral research to determine how to change the behaviors and attitudes of prescribers and patients in regard to antimicrobial use

10. Enhance advocacy to raise awareness of MDR GNB and to encourage industry, funders and governments to support appropriate interventions

Conclusions

There are striking similarities in the geographic regions (Fig. 1)
and underlying health system deficiencies where both MDR TB and
MDR GNB are prevalent. Many of the strategies used to approach
MDR TB will also be needed to address the MDR GNB crisis (Table
1). Although MDR TB remains a serious public health problem, and
major obstacles remain in global TB control, the availability of data
describing the magnitude of the problem, the availability of new
drugs and the global roll out of Xpert MTB/RIF have changed the
landscape of TB control. The response to MDR TB, while not per-
fect, is as an example of how sufficient resources, combined with
strong multinational and public-private partnerships, advocacy and
political will, can positively impact global public health. This pro-
vides hope that the approaches to combating MDR GNB outlined in
the Obama Administration’s National Action Plan, may be effective.

We have learned from TB control efforts that along with in-
novations like new drugs and diagnostics, there will also need
to be strategies to increase global laboratory capacity, make new
drugs and diagnostics affordable for resource limited areas, provide
good stewardship of new and existing antibiotics, improve surveil-
lance systems and infection control efforts, and strengthen health
systems in order to match increased diagnostic capacity with in-
creased treatment capacity for MDR GNB infections.

We all play important roles in addressing the global MDR GNB
problem (Table 1). Individual clinicians must practice good antimi-
crobial stewardship and encourage colleagues to prescribe antibi-
otics responsibly; infection control practitioners must design and
enforce interventions that prevent MDR GN spread in healthcare
facilities; public health officials must create and strengthen re-
gional, national, and international surveillance systems for MDR
GNB; and policy makers must foster international collaborations
and partnerships among the scientific community, agriculture in-
dustry, pharmaceutical industry, regulators, not-for-profit organiza-
tions and policy makers, to tackle the global MDR GNB problem
that is finally getting the attention it deserves.
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