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Foreword

Foreword

Antimicrobial resistance (AMR) within a wide range of infectious agents is a growing public health
threat of broad concern to countries and multiple sectors. Increasingly, governments around the world
are beginning to pay attention to a problem so serious that it threatens the achievements of modern
medicine. A post-antibiotic era—in which common infections and minor injuries can kill—far from being
an apocalyptic fantasy, is instead a very real possibility for the 215 century.

Determining the scope of the problem is essential for
formulating and monitoring an effective response to
AMR. This WHO report, produced in collaboration with
Member States and other partners, provides as accurate
apicture asis presently possible of the magnitude of
AMR and the current state of surveillance globally.

The report focuses on antibacterial resistance (ABR)
in common bacterial pathogens. Why? There is a
major gap in knowledge about the magnitude of this
problem and such information is needed to guide
urgent public health actions. ABR is complex and
multidimensional. It involves a range of resistance
mechanisms affecting an ever-widening range of
bacteria, most of which can cause a wide spectrum
of diseases in humans and animals.

One important finding of the report, which will
serve as a baseline to measure future progress,
is that there are many gaps in information on
pathogens of major public health importance.
In addition, surveillance of ABR generally is neither
coordinated nor harmonized, compromising the
ability to assess and monitor the situation.

0

Nonetheless, the report makes a clear case that
resistance to common bacteria has reached alarming
levels in many parts of the world indicating that
many of the available treatment options for common
infections in some settings are becoming ineffective.
Furthermore, systematic reviews of the scientific
evidence show that ABR has a negative impact on
outcomes for patients and health-care expenditures.

Generally, surveillance in TB, malaria and HIV to detect
resistance, determine disease burden and monitor
public health interventions is better established and
experiences from these programmes are described
in the report, so that lessons learnt can be applied
to ABR and opportunities for collaboration identified.

WHO, along with partners across many sectors,
is developing a global action plan to mitigate AMR.
Strengthening global AMR surveillance will be a critical
aspect of such planning as itis the basis for informing
global strategies, monitoring the effectiveness of
public health interventions and detecting new trends
and threats.

).l 4

Dr Keiji Fukuda
Assistant Director-General
Health Security
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Antimicrobial resistance (AMR) threatens the effective prevention and treatment of an ever-increasing
range of infections caused by bacteria, parasites, viruses and fungi. This report examines, for the first
time, the current status of surveillance and information on AMR, in particular antibacterial resistance

(ABR), at country level worldwide.

Key findings and public health implications
of ABR are:

» Very high rates of resistance have been observed in
bacteria that cause common health-care associated
and community-acquired infections (e.g. urinary tract
infection, pneumonia) in all WHO regions.

« There are significant gaps in surveillance, and a
lack of standards for methodology, data sharing
and coordination.

Key findings from AMR surveillance in disease-specific
programmes are as follows:

« Although multidrug-resistant TBis a growing concern,
itis largely under-reported, compromising control
efforts.

« Foci of artemisinin resistance in malaria have
been identified in a few countries. Further spread,
or emergence in other regions, of artemisinin-
resistant strains could jeopardize important recent
gains in malaria control.

* Increasing levels of transmitted anti-HIV drug
resistance have been detected among patients
starting antiretroviral treatment.

Surveillance of ABR and sources of data

There is at present no global consensus on
methodology and data collection for ABR surveillance.
Routine surveillance in most countries is often based
on samples taken from patients with severe infections
— particularly infections associated with health care,
and those in which first-line treatment has failed.
Community-acquired infections are almost certainly
underrepresented among samples, leading to gaps
in coverage of important patient groups.

Nevertheless, it is critical to obtain a broad picture
of the international scope of the problem of ABR.
To accomplish this, WHO obtained, from 129 Member
States, the most recent information on resistance
surveillance and data for a selected set of nine
bacteria—antibacterial drug combinations of public
health importance. Of these, 114 provided data for
at least one of the nine combinations (22 countries
provided data on all nine combinations).

Some data sets came from individual surveillance
sites, or data from several sources rather than national
reports. Many data sets were based on a small
number of tested isolates of each bacterium (<30),
adding to uncertainty about the precision of the data;
this reflects a lack of national structures to provide an
overview of the situation and limited capacity for timely
information sharing. Most data sets, individual sites or
aggregated data, were based on hospital data. Non-
representativeness of surveillance data is a limitation
for the interpretation and comparison of results.

The data compiled from countries indicate where there
may be gaps in knowledge and lack of capacity to
collect national data. Among WHO regions, the greatest
country-level data were obtained from the European
Region and the Region of the Americas, where long-
standing regional surveillance and collaboration exist.

Current status of resistance in selected
bacteria

Inthe survey forming the basis for this part of the report,
information was requested on resistance to antibacterial
drugs commonly used to treat infections caused by seven
bacteria of international concern. The chosen bacteria
are causing some of the most common infections in
different settings; in the community, in hospitals or
transmitted through the food chain. The main findings
are summarized in the following tables:



Summary

Bacteria commonly causing infections in hospitals and in the community

Name of bacterium/
resistance

Examples of typical

diseases

Escherichia coli/ Urinary tract infections, blood
stream infections
- vs 3" gen. cephalosporins

- vs fluoroquinolones

Pneumonia, blood stream
infections, urinary tract
infections

Klebsiella pneumoniae/
- vs 3 gen. cephalosporins
- vs 3" carbapenems

Wound infections, blood
stream infections

Staphylococcus aureus/

- vs methicillin "MRSA"

No. of WHO regions
with national reports of
50% resistance or more

No. out of 194 Member
States providing data

86 5/6
92 5/6
87 6/6
71 2/6
85 5/6

Bacteria mainly causing infections in the community

Name of bacterium/
resistance

Examples of typical
diseases

Streptococcus pneumoniae/
- non-susceptible or resistant
to penicillin

Pneumonia, meningitis, otitis

Foodborne diarrhoea,
blood stream infections

Nontyphoidal Salmonella/
- vs fluoroguinolones
Shigella species/ Diarrhoea (“bacillary
dysenteria”)

- vs fluoroquinolones
Neisseria gonorrhoea/ Gonorrhoea
- vs 3" gen. cephalosporins

No. out of 194 Member A IO KIS

States providing data

with national reports of
25% resistance or more

67 6/6
68 3/6
35 216
42 3/6

The high proportions of resistance to 3™ generation
cephalosporins reported for E. coli and
K. pneumoniae means that treatment of severe
infections likely to be caused by these bacteria in
many settings must rely on carbapenems, the last-
resort to treat severe community and hospital acquired
infections. These antibacterials are more expensive,
may not be available in resource-constrained
settings, and are also likely to further accelerate
development of resistance. Of great concern is the
factthat K. pneumoniae resistant also to carbapenems
has been identified in most of the countries that
provided data, with proportions of resistance up to
54% reported. The large gaps in knowledge of the
situation in many parts of the world further add to
this concern. For E. coli, the high reported resistance
to fluoroguinolones means limitations to available
oral treatment for conditions which are common in
the community, such as urinary tract infections.

High rates of MRSA imply that treatment for suspected
or verified severe S. aureus infections, such as common
skin and wound infections, must rely on second-
line drugs in many countries, and that standard
prophylaxis with first-line drugs for orthopaedic and
other surgical procedures will have limited effect in

many settings. Second-line drugs for S. aureus are
more expensive; also, they have severe side-effects
for which monitoring during treatment is advisable,
increasing costs even further.

Reduced susceptibility to penicillin was detected in
S. pneumoniae in allWHO regions, and exceeded 50%
in some reports. The extent of the problem and its
impact on patients is not completely clear because of
variation in how the reduced susceptibility or resistance
to penicillin is reported, and limited comparability of
laboratory standards. Because invasive pneumococcal
disease (e.g. pneumonia and meningitis) is a common
and serious disease in children and elderly people,
better monitoring of this resistance is urgently needed.

The resistance to fluoroquinolones among two
of the major causes for bacterial diarrhoea,
nontyphoidal Salmonella (NTS) and Shigella species
were comparatively lower than in E. coli. However,
there were considerable gaps in information on these
two bacteria, particularly from areas where they are
of major public health importance. Some reports of
high resistance in NTS are of great concern because
resistant strains have been associated with worse
patient outcomes.



In N. gonorrhoeae, finally, decreased susceptibility
to third-generation cephalosporins, the treatment
of last resort for gonorrhoea, has been verified in
36 countries and is a growing problem. Surveillance is
of poor quality in countries with high disease rates,
where there is also a lack of reliable resistance data
for gonorrhoea, and where the extent of spread of
resistant gonococci may be high.

Health and economic burden due to ABR

Evidence related to the health and economic burden due
to ABR ininfections caused by E. coli, K. pneumoniae and
MRSA was examined through systematic reviews of
the scientific literature. Patients with infections caused
by bacteria resistant to a specific antibacterial drug
generally have an increased risk of worse clinical
outcomes and death, and consume more health-
care resources, than patients infected with the same
bacteria not demonstrating the resistance patternin
guestion. Available data are insufficient to estimate
the wider societal impact and economic implications
when effective treatment for an infection is completely
lost as a result of resistance to all available drugs.

AMR in disease-specific programmes

Tuberculosis

Globally, 3.6% of new TB cases and 20.2% of previously
treated cases are estimated to have multidrug-
resistant TB (MDR-TB), with much higher rates in
Eastern Europe and central Asia. Despite recent
progress in the detection and treatment of MDR-TB,
the 84 000 cases of MDR-TB notified to WHO in 2012
represented only about 21% of the MDR-TB cases
estimated to have emerged in the world that year.
Among MDR-TB patients who started treatmentin 2010,
only 48% (range 46%-56% across WHO regions) were
cured after completion of treatment (with 25% lost
to follow-up). The treatment success rate was lower
among extensively drug-resistant (XDR-TB) cases.

Malaria

Surveillance of antimalarial drug efficacy is critical
for the early detection of antimalarial drug resistance,
because resistance cannot be detected with routine
laboratory procedures. Foci of either suspected or
confirmed artemisinin resistance have been identified
in Cambodia, Myanmar, Thailand and Viet Nam.
Further spread of artemisinin-resistant strains, or the
independent emergence of artemisinin resistance in
other regions, could jeopardize important recent gains
in malaria control.
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HIV

HIV drug resistance is strongly associated with
failure to achieve suppression of viral replication
and thus with increased risk for disease progression.
Data collected between 2004 and 2010 in low- and
middle-income countries showed increasing levels
of transmitted anti-HIV drug resistance among those
starting antiretroviral treatment (ART). Available data
suggest that 10%-17% of patients without prior ART
in Australia, Europe, Japan and the United States of
America (USA) are infected with virus resistant to at
least one antiretroviral drug.

Influenza

Over the past 10 years, antiviral drugs have become
important tools for treatment of epidemic and
pandemic influenza, and several countries have
developed national guidance on their use and have
stockpiled the drugs for pandemic preparedness.
However, widespread resistance to adamantanes in
currently circulating A(HTN1) and A(H3N2) viruses have
left neuraminidase inhibitors as the antiviral agents
recommended for influenza prevention and treatment.
Although the frequency of oseltamivir resistance in
currently circulating A(HTN1)pdm09 viruses is low
(1%-2%), the emergence and rapid global spread in
2007/2008 of oseltamivir resistance in the former
seasonal A(H1N1) viruses has increased the need for
global antiviral resistance surveillance.

AMR in other related areas

Antibacterial resistance in food-producing
animals and the food chain

Major gaps exist in surveillance and data sharing
related to the emergence of ABR in foodborne
bacteria and its potential impact on both animal
and human health. Surveillance is hampered by
insufficient implementation of harmonized global
standards. The multisectoral approach needed to
contain ABR includes improved integrated surveillance
of ABR in bacteria carried by food-producing animals
and in the food chain, and prompt sharing of data.
Integrated surveillance systems would enable
comparison of data from food-producing animals,
food products and humans.



Summary

Resistance in systemic candidiasis

Systemic candidiasis is a common fungal infection
worldwide and associated with high rates of morbidity
and mortality in certain groups of patients. Although itis
known that antifungal resistance imposes a substantial
burden on health-care systems in industrialized

Next steps

This report shows major gaps in ABR surveillance,
and the urgent need to strengthen collaboration on
global AMR surveillance. WHO will therefore facilitate:

« development of tools and standards for harmonized
surveillance of ABR in humans, and for integrating
that surveillance with surveillance of ABR in food-
producing animals and the food chain;

- elaboration of strategies for population-based
surveillance of AMR and its health and economic
impact; and

countries, the global burden of antifungal-resistant
Candida is unknown. Resistance to fluconazole,
a common antifungal drug, varies widely by country and
species. Resistance to the newest class of antifungal
agents, the echinocandins, is already emerging in
some countries.

 collaboration between AMR surveillance networks
and centres to create or strengthen coordinated
regional and global surveillance.

AMR is a global health security threat that requires
concerted cross-sectional action by governments
and society as a whole. Surveillance that generates
reliable data is the essential basis of sound global
strategies and public health actions to contain AMR,
and is urgently needed around the world.
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Introduction

Intfroduction

For several decades antimicrobial resistance (AMR)
has been a growing threat to the effective treatment
of an ever-increasing range of infections caused by
bacteria, parasites, viruses and fungi. AMR results
in reduced efficacy of antibacterial, antiparasitic,
antiviral and antifungal drugs, making the treatment of
patients difficult, costly, or even impossible. The impact
on particularly vulnerable patients is most obvious,
resulting in prolonged illness and increased mortality.
The magnitude of the problem worldwide and the
impact of AMR on human health, and on costs for
the health-care sector and the wider societal impact,
are still largely unknown.

Some estimates of the economic effects of AMR have
been attempted, and the findings are disturbing.
For example, the yearly cost to the US health system
alone has been estimated at US $21 to $34 billion
dollars, accompanied by more than 8 million additional
days in hospital. Because AMR has effects far beyond
the health sector, it was projected, nearly 10 years ago,
to cause a fall in real gross domestic product (GDP)
of 0.4% to 1.6%, which translates into many billions
of today's dollars globally.

AMR is a complex global public health challenge, and no
single or simple strategy will suffice to fully contain the
emergence and spread of infectious organisms that
become resistant to the available antimicrobial drugs.
The development of AMR is a natural phenomenonin
microorganisms, and is accelerated by the selective
pressure exerted by use and misuse of antimicrobial
agents in humans and animals. The current lack of
new antimicrobials on the horizon to replace those
that become ineffective brings added urgency to the
need to protect the efficacy of existing drugs.

The development and implementation of effective
strategies to curtail the emergence and spread of AMR,
and to evaluate the effect of interventions to do so,
depend on the collection of accurate representative
information on the extent of the problem and its
impact. WHO has for many years promoted the
global monitoring of AMR and taken steps to raise
awareness of the impending public health crisis it
will cause. Among a range of WHO initiatives, in 2001
the Global strategy for containment of antimicrobial
resistance (1) was published, and AMR was the focus
of World Health Day in 2011 when a 6-point AMR
policy package was issued (2). The World Health
Assembly, through several resolutions over the years,
has called for intensified implementation of the
global strategy, stressing the need for strengthened
surveillance of AMR and enhanced laboratory capacity
to carry it out, and reduction in the inappropriate

use of antimicrobial drugs. The capacity to perform
antimicrobial susceptibility testing, which can inform
surveillance of AMR, also falls within the scope of the
International Health Regulations (3), which stipulate the
requirement for access by States Parties to capacity
for investigation of any disease outbreak that may
represent an international public health threat.

Many gaps remain in the efforts to contain AMR.
Many diverse bacterial, viral, fungal and parasitic
pathogens show resistance, and for some specific
diseases (e.g. tuberculosis [TB], HIV, influenza and
malaria) there are programmes in place that address
resistance, and many of the most immediate and
urgent concerns relate to antibiotic resistance in
common bacteria. Antibacterial resistance (ABR)2
involves bacteria that cause many common and life-
threatening infections acquired in hospitals and in the
community, for which treatmentis becoming difficult,
orin some cases impossible. Despite the importance
of these infections, there are major gaps in information
concerning the extent, spread, evolution and impact
of ABR. Urgency is added in particular by the lack of
new therapeutic options in the development pipeline
to replace those that lose their efficacy as bacteria
become resistant to them. Thus, the main focus of this
report is on ABR, for which knowledge, support and
concerted action are inadequate.

Although ABR surveillance has been undertaken for
many years in a number of high-income countries,
there are still large gaps in knowledge about the
status of ABR surveillance capacities worldwide,
particularly in resource-limited settings. This report
attempts to map ABR surveillance status in Member
States, and specifically the availability of data from
national official sources.

This is the first attempt by WHO to assemble the
accessible information on national ABR surveillance
and on ABR data for a set of common pathogenic
bacteria, in order to present an analysis of the global
situation as it appeared in 2013, together with an
examination of the evidence base concerning the
health and economic impact of ABR. The information
gathered highlights the strengths and weaknesses
in both the collection of data and the quality of data
collected in Member States, and demonstrates the
need for further effort and investment.

In addition to gathering information on ABR surveillance
and ABR occurrence, the report also summarizes the
situation in major disease-specific control programmes
(i.e. HIV.influenza, malaria and TB) and in related fields
(i.e. foodborne and fungal infections).

@ Although Mycobacterium tuberculosis, the main cause of tuberculosis, is also a
bacterium, it has specific features and is described separately in Section 4.1.



The report has the following structure and specific focus:

« Section I gives an overview of ABR surveillance in
the different WHO regions.

» Section 2 examines the availability and status of
resistance datain Member States for a set of common
bacteria of importance to global public health.

- Section 3 examines the available evidence
concerning the health and economic burden due
to ABR in a subset of the selected bacteria, based on
a systematic review of the scientific literature.

 Section 4 provides summaries of surveillance and
the status of AMR in TB, malaria, HIV and influenza.

» Section 5 summarizes key issues in surveillance and
AMR in foodborne pathogens and fungal infections.

« Section 6 discusses the main findings from the data
and information assembled for the report (noting the
main gaps in knowledge), and considers directions
for future work in this field.

* Annexes 1-3 provide:
- adescription of the methods used to obtain data;

- allof the collected data and sources of information
for each of the selected bacteria, country by
country in each WHO region; and

- a detailed technical report on the systematic
review of the evidence on health and economic
burden due to ABR.

References
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« Appendices 1-3 provide:

- the guestionnaires used to obtain data on
resistance;

- the available WHO tools to facilitate surveillance
of ABR;

- the list of International statistical classification of
diseases and related health problems (ICD) codes
related to ABR; and

- a description of some international ABR
surveillance networks.

For this first report, for which no common agreed
methodology for surveillance of ABR existed, it was not
feasible to compare the accuracy of the submitted data.
Nonetheless, despite gaps and other shortcomings,
the data do give at least an indication of the current
worldwide status of ABR at country level. The report
also establishes a baseline against which progress
in strengthening global surveillance capacities and
standards can be measured. It is important to note that
the national data on ABR have been compiled for the
purpose of a situation analysis of global surveillance,
rather than as a basis for decisions on clinical care
of patients, for which standard treatment guidelines
should be followed.

The reportisintended to provide information primarily
for public health policy-makers and managers, and for
the wider medical and public health community
(including pharmaceutical companies), as a support for
informing strategic actions and programme planning.
It will also be of interest to the other sectors that are
directly involved, including veterinary drug and animal
husbandry, agriculture and aquaculture.

1. Global strategy for containment of antimicrobial resistance. Geneva, World Health Organization, 2001.
(http://www.who.int/drugresistance/WHO_Global_Strategy_English.pdf, accessed 3 January 2014).

2. World Health Day policy briefs. Geneva, World Health Organization, 2011. (http://www.who.int/world-
health-day/2011/policybriefs/en/index.html, accessed 27 December 2013).

3. International Health Regulations. Geneva, World Health Organization, 2005. (http://www.who.int/
ihr/9789241596664/en/index.html, accessed 3 January 2014).
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Resistance to antibacterial drugs # 1.1 Backgroumd

Resistance to antibacterial

drugs

1.1 Background

For more than 60 years, antibacterial drugss have been regarded as the panacea to cure infections,
whether or not their use is appropriate, and whether the infection was acquired in the community or in the
hospital setting. Already in his Nobel Prize speech in 1945, Alexander Fleming, who discovered penicillin,
warned that bacteria could become resistant to these remarkable drugs. Indeed, the development of
each new antibacterial drug has been followed by the detection of resistance to it. The development of
resistance is a normal evolutionary process for microorganisms, but it is accelerated by the selective
pressure exerted by widespread use of antibacterial drugs. Resistant strains are able to propagate and
spread where there is non-compliance with infection prevention and control measures.

Use of antibacterial drugs has become widespread
over several decades (although equitable access
to antibacterial drugs is far from being available
worldwide), and these drugs have been extensively
misused in both humans and food-producing animals in
ways that favour the selection and spread of resistant
bacteria. Consequently, antibacterial drugs have
become less effective or even ineffective, resulting in
an accelerating global health security emergency
thatis rapidly outpacing available treatment options.

Until the 1970s, many new antibacterial drugs were
developed to which most common pathogens were
initially fully susceptible, but the last completely
new classes of antibacterial drugs were discovered
during the 1980s (Figure 1). Itis essential to preserve
the efficacy of existing drugs through measures to
minimize the development and spread of resistance
to them, while efforts to develop new treatment
options proceed.

Figure 1 Dates of discovery of distinct classes of antibacterial drugs

Illustration of the “discovery void.” Dates indicated are those of reported initial discovery or patent.
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Greater emphasis should be placed on prevention,
including strengthening hygiene and infection
prevention and control measures, improving sanitation
and access to clean water, and exploring a more
widespread use of vaccines. Although preventive
vaccines have become available for several bacterial
infections, their application is still limited.

The pipeline for the development of new antibacterial
drugs is now virtually empty, particularly for the
treatment of Gram-negative enteric bacteria,@ and
research on treatments to replace antibacterial drugs
is stillin the early stages. Situations are increasingly
arising where bacteria that are resistant to most,
or even all, available antibacterial drugs are causing
serious infections that were readily treatable until
recently. This means that progress in modern
medicine, which relies on the availability of effective
antibacterial drugs, is now at risk, as exemplified in
the following situations:

e Common community-acquired infections such as
pneumonia, which used to be readily treatable after
the introduction of penicillin, may not respond to
available or recommended drugs in many settings,
putting the lives of patients at risk.

« Cystitis, one of the most common of all bacterial
infections in women, which readily responded to
oral treatment in the past, may need to be treated
by injected drugs, imposing additional costs for
patients and health systems, or become untreatable.

« Common infections in neonatal and intensive care
are increasingly becoming extremely difficult,
and sometimes impossible, to treat.

» Patients receiving cancer treatment, organ
transplants and other advanced therapies are
particularly vulnerable to infection. When treatment
of an infection fails in such patients, the infection is
likely to become life-threatening and may be fatal.

* Antibacterial drugs used to prevent postoperative
surgical site infections have become less effective
or ineffective.

Major gaps in data on the extent of ABR, and on the
types and number of infections caused by bacteria
that have become resistant to antibacterial drugs,
make it impossible to estimate precisely the global
prevalence and impact of the problem. Nevertheless,
it is abundantly clear that together, the burden of
morbidity and mortality resulting from ABR in many
infections and settings has serious consequences for
individuals and society in terms of clinical outcomes
and added costs.

The collection of reliable information about the
ABR situation through well-conducted surveillance
is essential to inform strategies and prioritize

@ For example, intestinal bacteria such as Escherichia coli and Klebsiella, and
environmental opportunistic bacteria such as Pseudomonas and Acinetobacter
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interventions to tackle the problem. ABR surveillance
should generate data to support action at all levels:
local, national, regional and global. Countries with
appropriate surveillance systems have the ability to:

» obtain national information on the magnitude and
trends in resistance;

» detect emerging problems;
« followtheeffectofinterventionsand countermeasures;

« inform treatment guidelines, decision-making and
a research agenda;

 collect information on the public health burden of
ABR; and

 participate ininternational networks for data sharing
and monitoring of trends to inform global strategies.

1.1.1 Limitations

This report describes the current situation of ABR
surveillance and ABR rates for selected types of bacterial
resistance worldwide. The ABR rates presented in this
report include a compilation of the available data as
reported by countries and surveillance programmes,
and in scientific journal articles. The priority was to
obtain data from national official sources, such as
reports or other compilations at the national level at
ministries of health, national reference laboratories,
public health institutes or other sources identified by
WHO. When data from national official sources were
not available or were available in sample sizes that
were too small (i.e. fewer than 30 isolates tested),
other sources (i.e. non-official networks and scientific
journal articles) were sought. The search of scientific
journal articles as a complementary source was not
intended as a full review of all available publications.
Despite the attempt at standardized data collection
(methodology described in Annex 1), the compilation
of data from various sources proved challenging in
this first report.

Given the lack of agreed global standards for ABR
surveillance, the reported proportions of resistance
should be interpreted with caution. The discrepancies in
performance and interpretation of laboratory findings
can be such that bacteria considered resistantin one
laboratory could be classified as susceptible if tested
in another laboratory. The resistance proportions
should therefore be regarded as indicators, rather than
measures, of the proportion of ABR as it is perceived
where the data originate, according to prevailing
methodology and the population sampled.

Data from national sources and publications are
presented in this report as they were received
or obtained from the data source. It was beyond
the scope of the report to assess the validity and
representativeness of the data. Data from some
Member States may not have been obtained for this

)
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report, despite being available at subnational or
local levels.

Cautionis necessary in interpreting the available data.
Limited and skewed patient samples, particularly from
hospital patients, are not likely to be representative of
the general situation, and could lead to overestimation
of the overall resistance problem among all patients in
the population. This situation may influence clinicians
to make greater use of broad-spectrum antibacterial
drugs thanis warranted, which in turn will accelerate
the emergence and spread of resistance, and add
to treatment costs. Therefore, the data presented
in this report should not be used to inform local
treatment protocols.

The proportions of resistant bacteria are determined
based on results from antibacterial susceptibility
testing (AST). The methodologies addressing molecular
aspects of ABR are not available in most settings.
Thus, despite its importance in understanding how
bacterial populations and genetic elements spread,
molecular epidemiology data has not been included
in this report.

The data obtained for this report reveal limitations
with regard to heterogeneity of methodology used by
the various sources and to representativeness and
quality assurance, but nevertheless provide useful
insight into the current global status of ABR and
surveillance gaps, creating a basis to inform further
developments in this field.

1.2 Regional surveillance of antibacterial resistance

1.2.1 WHO African Region

Information concerning the true extent of the problem
of AMR in the African Region is limited because
surveillance of drug resistance is carried out in
only a few countries. There is a scarcity of accurate
and reliable data on AMR in general, and on ABR in
particular, for many common and serious infectious
conditions that are important for public health in
the region, such as meningitis, pneumonia and
bloodstream infections.

The WHO Member States endorsed the Integrated
Disease Surveillance and Response (IDSR) strategy
in 1998. Effective implementation of IDSR is a way
to strengthen networks of public health laboratories,
and thus contribute to effective monitoring of AMR.
However, a recent external quality assessment
of public health laboratories in Africa revealed
weakness in antimicrobial susceptibility testing in
many countries (2).

Faced with multiple dimensions of the ABR threat to
public health, some countries have established national
and regional surveillance collaborations. However,
there is no formal framework for collaboration among
surveillance programmes across the region. The lack
of a regional framework for collaborative surveillance
of ABR, with no collection and sharing of information
between networks of laboratories, hampers efforts
to track and contain the emergence of resistant
organisms, and to systematically evaluate trends
and resistance-containment activities in the region.

Despite limited laboratory capacity to monitor ABR,
available data indicate that the African Region shares
the worldwide trend of increasing drug resistance.
Significant resistance has been reported for several
bacteria that are likely to be transmissible not only
in hospitals but also in the community.

To contribute to the improvement of surveillance of
ABR at country level, the WHO Regional Office for
Africa (AFRO) recently published a guide to facilitate
the establishment of laboratory-based surveillance for
priority bacterial diseases in the region (3). Collection,
sharing and regular dissemination of data can be used
by public health policy-makers to regularly update
the national AMR policy as necessary.

1.2.2 WHO Region of the Americas

ReLAVRA, the Latin American Antimicrobial Resistance
Surveillance Network, was created in 1996 and is
led by the WHO Regional Office for the Americas/
Pan American Health Organization (AMRO/PAHO),
inorder to collect aggregated data provided by national
reference laboratories (NRLs). At that time, the network
involved eight NRLs in the region. The countries agreed
to maintain and support the NRLs, which compile
information on the identification of the bacterial species
isolated and their susceptibility to antibacterial drugs.
Also, the NRLs verify the application of the principles
of quality assurance in laboratories participating in the
national network, and are responsible for performance
evaluation. An external quality control programme for
the network is carried out by two centres, in Argentina
and Canada. Currently, NRLs from 19 countries in Latin
America plus Canada and the USA are part of the
network. English-speaking Caribbean countries are
invited to share their data but do not yet participate
directly in the network.

ReLAVRA has increased its ability to detect,
monitor and manage data on ABR, based on the
growing number of countries participating in the
network. As an example, 72 000 bacterial isolates
were analysed in 2000, and more than 150 000 in
2010. This increase in the number of isolates studied
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is due in large part to isolates of hospital origin,
reflecting the progressive incorporation of hospitals
into the network. More information on the origin of the
samples, and their distribution, would enable better
assessment of their representativeness.

Coordination by a single agency, AMRO/PAHOQ,
which standardizes the systems for data collection
and the use of external quality assurance processes for
the network members, has been an important strength
of the network. Surveillance protocols are aligned with
the WHO recommendations for diarrhoeal disease
and respiratory tract infections. The antibacterials
selected for the susceptibility tests include those
recommended by WHO.

ReLAVRA has not only strengthened national laboratory
networks, it has also generated data for decision-
making (4); for example, for informing guidelines on
the empirical use of antibacterial drugs.

The Sistema de Redes de Vigilancia de los Agentes
Responsables de Neumonias y Meningitis Bacterianas
- SIREVAII (5) —is a network in Latin America that was
initiated by AMRO/PAHO in 1993 to provide a regional
monitoring programme for important bacteria causing
pneumonia and meningitis. The network is built on
sentinel hospitals and laboratories that provide:

- data on serotype distribution and antibacterial
susceptibility for Streptococcus pneumoniae,
Haemophilus influenzae and Neisseria meningitidis; and

« epidemiological information for estimating the
burden of these diseases and the development of
increasingly efficient vaccines.

1.2.3 WHO Eastern Mediterranean
Region

The collection of resistance information from disease-
specific programmes (e.g. TB, HIV and malaria) is
relatively advanced in the Eastern Mediterranean
Region, but estimates of the magnitude of the wider
problem associated with AMR, and the health and
socioeconomic burden resulting from it, are hampered
by the limited availability of reliable data. Nonetheless,
reports and studies from some countries in the region
show the geographically extensive emergence of ABR
(see Section 2).

Preliminary results obtained through limited country
situation analyses in the region have revealed several
challenges that need to be tackled as a matter of
urgency. Lack of robust functioning national ABR
surveillance systems and lack of collaboration with the
animal health sector means that insufficient evidence is
available for policy-makers to set appropriate policies,
strategies and plans to combat ABR. Other challenges
include the absence of legislation or the lack of
enforcement of laws (where they exist). In countries
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currently experiencing complex humanitarian
emergencies in the region, there is disruption of basic
health services. This also impedes the response to
AMR (including ABR) in the affected countries.

Mindful of the public health threats posed by the
currenttrends in AMR, in 2002 and in 2013, the Eastern
Mediterranean Regional Committee adopted
resolutions addressing AMR (6, 7). However, due to
the complexity of the efforts required to tackle AMR
and the need to focus on other pressing priorities
in the region, the response to the threat of AMR has
remained fragmented.

1.2.4 WHO European Region

Currently, most countries of the European Union (EU)
have well-established national and international
surveillance systems for AMR, whereas countries
in other parts of the European Region require
strengthening or establishment of such systems.
The WHO Regional Office for Europe (EURQ) has been
supporting these Member States in this endeavour.

The European Antimicrobial Resistance Surveillance
Network — EARS-Net (8) —is an international surveillance
system thatincludes all 28 EU countries plus Iceland
and Norway. EARS-Net is currently coordinated by
the European Centre for Disease Prevention and
Control (ECDC). The network includes surveillance of
antibacterial susceptibility of eight indicator pathogens
causing bloodstream infections and meningitis; it also
monitors variations in AMR over time and place.
The standardized data collected in EARS-Net have
formed the basis for drawing maps of the situation of
resistance in the indicator bacteria across Europe in
the network’s annual report. These maps have been
much appreciated and stimulated action to contain
AMR in participating countries (9).

The Central Asian and Eastern European Surveillance
of Antimicrobial Resistance - CAESAR (70) - is a new
jointinitiative of EURO, the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID) and
The Dutch National Institute for Public Health and the
Environment (RIVM). The aim is to support all countries
of the region that are not part of EARS-Net to develop
a network of national surveillance systems for ABR.
This initiative strives to enable countries to strengthen
AMR epidemiology, as well as laboratory capacity and
quality. To facilitate comparison of data throughout
the entire European Region, the methodology used in
CAESAR adopts the EARS-Net methodology, with the
work carried out in close collaboration with ECDC.

The Foodborne and Waterborne Diseases and Zoonoses
Network — FWD-Net (77) — is a European network
coordinated by the ECDC. AMR data are collected for
foodborne bacteria, such as Salmonella and Shigella,
as part of the network’s surveillance activities. The data
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are published annually in a joint report by the ECDC
and the European Food Safety Authority (EFSA) on
AMR in zoonotic and indicator bacteria from humans,
animals and food products in the EU (72).

1.2.5 WHO South-East Asia Region

Systematic efforts to collect data on the epidemiology
of antimicrobial resistance have not yet been
undertaken in the South-East Asia Region. However,
information and data available for selected diseases
and organisms reveal that AMR is a burgeoning and
often neglected problem.

In 2011, the health ministers of the region's Member
States articulated their commitment to combat AMR
through the Jaipur Declaration on AMR (73). Since then,
there has been growing awareness throughout the
region that containment of AMR depends on coordinated
interventions, including appropriate surveillance of
drug resistance. All 11 Member States (6 of which
already have national systems in place) have agreed
to contribute information for a regional database
and to participate in a regional consultative process.
A more detailed description of the present situation
in each country is available in a report from a recent
regional workshop (74).

1.2.6 WHO Western Pacific Region

Inthe 1980s, 14 Member States in the Western Pacific
Region agreed to share AMR findings for more than
20 key hospital and community pathogens on an
annual basis, and annual reports were compiled and
distributed to network participants. Unfortunately,
the collaboration was interrupted because of a series
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of other emergencies in the early 2000s. A summary of
the experience (75) concluded that “the data reviewed
for the Report... reveal serious problems and worsening
trends in antimicrobial resistance in various nations
of the Region”. Many of the contributing Member
States actively used the data and, despite the loss
of coordination activities, have continued to develop
ABR surveillance at a national level. Recently, the WHO
Regional Office for the Western Pacific (WPRO) has
taken steps to revive surveillance of AMR in the region.

Most high-income countries in the region have long-
established systems for routine surveillance of ABR
(including quality assurance), at least in health-
care settings, that provide some form of national
oversight. There are also links to national and local
policies, especially the development of standard
treatment guidelines. However, even in some of these
high-income countries there are gaps in geographic
coverage and lack of surveillance in community
settings. Among upper middle-income countries,
some have younger AMR surveillance programmes
of similar quality to those in most high-income
countries, with similar (but larger) gaps. In all these
countries there is a high level of technical expertise,
which provides an excellent opportunity for further
development and collaboration. In the lower middle-
income countries there is greater variation in the level
and quality of surveillance. The quality of AST may
be uncertain in some countries, whereas others have
operated fairly extensive and high-quality sentinel AMR
surveillance programmes for decades. Some Pacific
Island countries face particular challenges given the
low sample numbers, lack of human resources and
geographic remoteness.
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Resistance to antibacterial drugs in selected bacteria of international concern

Resistance to antibacterial
drugs in selected bacteria of
International concern

For this first WHO report on the global status of ABR and surveillance, information was compiled on resistance
to antibacterial drugs commonly used to treat infections caused by nine bacteria of international concern.

» Escherichia coli: resistance to third-generation
cephalosporins, including resistance conferred
by extended spectrum beta-lactamases (ESBLs),
and to fluoroquinolones;

* Klebsiella pneumoniae: resistance to third-generation
cephalosporins, including resistance conferred by
ESBLs, and to carbapenems;

« Staphylococcus aureus: resistance to beta-lactam
antibacterial drugs (methicillin, methicillin-resistant
S. aureus [MRSA));

« Streptococcus pneumoniae: resistance or non-
susceptibility to penicillin (or both);

« Nontyphoidal Salmonella (NTS): resistance
to fluoroquinolones;

 Shigella species: resistance to fluoroquinolones;

 Neisseria gonorrhoeae: decreased susceptibility to
third-generation cephalosporins.

These types of ABR have a significant public health
impact worldwide because they are common etiologies
for hospital or community-acquired infections, or both.

A detailed description of the methodology for the
data collection is available in Annex 1. In summary,
data were collected from the following sources:

« national official sources, such as reports or other
compilations at the national level at ministries of
health, national reference laboratories, public health
institutes or other sources identified by WHO;

* national and international networks for ABR
surveillance (if data from national official sources
were not available or available in too low sample
size; i.e. <30 isolates tested); and

« scientific journal articles published from 2008
(when data from above sources were not available
or available in too low sample size; i.e. <30
isolates tested).

This section summarizes the main results of the data
collection. The details of data obtained are provided
in Annex 2.

Interpretationofthedatasummarizedinthisreportshould
take account of its precision and representativeness,
including the following considerations:

e There is no general agreement on how many
bacterialisolates should be tested in order to present
a reasonably accurate figure of the resistance
proportion. However, the minimum number of
tested isolates considered sufficient to present
reported proportions of resistance in this section
was arbitrarily set at 30.

» The origin of samples is usually skewed towards
severely ill hospitalized patients, whose condition did
not respond to first-line treatment. This imbalance
will generally result in higher proportions of
resistance in the collected samples than would be
found for a broader, more representative sample
of patients in the population.

« Some of the published studies, particularly those on
S. pneumoniae and MRSA, are based on sampling of
healthy carriers without symptoms, which further
adds to difficulties in interpretation of public health
impact and comparison of resistance proportions.

« |tis known that differences exist in the methodology
and quality in performance of AST in different
countries and regions, which will limit the
comparability of results across the various
data sources.
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2.1 Availability of national resistance data

A response including data, or information that no national data were available, was returned from 129 of
the 194 WHO Member States (66%). Of these, 114 provided some data for at least one bacteria—antibacterial
drug-resistance combination, as shown in Table 1 and Figure 2.

Table 1 Information from returned questionnaires, or other sources, on availability of national data on
resistance for the requested nine bacteria—antibacterial drug resistance combinations

WHO region

AMR/
PAHO?

No. of Member 129/194
States returning 27/47 (57%) | 21/35(60%) 11/21(52%) | 42/53(79%) | 9/11 (82%) 19/27 (70%) (66%)
information (%) ’
Returned data

set(s)/ o o o o o o 114/194
no. of Member 23/47 (49%) | 21/35 (60%)  7/21 (32%) 38/53 (74%)  6/11 (55%) 19/27 (70%) (59%)
States (%)

Responded “No

national data 4 - 4 4 3b 0c 15
available”

No information

obtained for this 20 14 10 11 2 8 65
report

AFR, African Region; AMR/PAHO; Region of the Americas/Pan American Health Organization; EMR, Eastern Mediterranean Region; EUR, European Region;
SEAR, South-East Asia Region; WPR; Western Pacific Region.

a. To avoid duplicate data collection, ECDC, European Centre for Disease Prevention and Control and AMRO forwarded data already collected in their existing surveillance networks.
b. One country responded there was no national data compilation but still returned data.

c. Two countries responded there was no national data compilation but still returned data.

Figure 2 Availability of data on resistance for selected bacteria—antibacterial drug combinations, 2013

® 0

Number of requested bacteria/
antibacterial drug

resistance combinations for
which data was obtained:

- >5 (n=89) © E] No information obtained for this report, some centres participate in some ANSORP projects (n=2)
- 2-5 (n=22) l:l No information obtained for this report, some centres participate in some RusNet projects (n=3)
l:| 1(n=3) |:| No information obtained for this report (n=60)

0 875 1750 3,500 Kilometers
T —

m National data not available (n=15) :] Not applicable

Number of reported bacteria is based on the information obtained based on request to national official sources on antibacterial susceptibility testing of
at least one of the requested combinations, regardless of denominator data.
Data from United Arab Emirates originate from Abu Dhabi only.
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Table 2 shows that the overall proportion of data This proportion ranged from 56% to 92% across the
sets obtained from national official sources for each regions, and between 56% and 90% for the different
bacteria—antibacterial drug combination based bacteria—antibacterial drug resistance combinations.

on at least 30 tested bacterial isolates was 79%.

Table 2 Overview of data sets obtained on request to national official sources that included information
on at least 1 of the 9 selected bacteria—antibacterial drug resistance combinations based on
testing of at least 30 isolates

For each bacteria—antibacterial drug-resistance combinationa:
no. of returned data setsP based on at least 30 tested isolates/total no. of data sets for
each requested combinationc

E. coli/ 3 generation
cephalosporinsd

Total no. of reports
with data sets
e based on 230 tested
isolates
5/5

14/19 86/101 (85%)

13/19 14/15 5/7 35/36

E. coli/ fluoroquinolones® | 14/19 16/16 5/7 35/35 5/5 17/20 92/102 (90%)

K. pneumoniae/
3 generation 13/16 17/17 5/7 33/37 4/5 15/17 87/99 (88%)
cephalosporins

K. pneumoniae/

¢ 417 17/17 5/7 31/35 4/5 10/12 71/83 (86%)
carbapenems

Methicillin-resistant o
5. sureus (MRSA) 9/15 15/17 5/7 36/37 3/4 17/19 85/99 (86%)
S. pneumoniae non-

susceptible or resistant | 5/14 15/21 3/5 31/35 2/5 11/18 67197 (69%)

to penicillin

Nontyphoidal
Salmonella/ 9/19 13/20 4/5 29/30 2/4 11/13 68/91 (75%)
fluoroguinolones

Shigella species/ 412 1419 273 1012 0 5/9 35/57 (61%)
fluoroquinolones

N. gonorrhoeae/
3" generation 2/10 4/12 2/3 17122 5/7 12/21 42/75 (56%)
cephalosporins

Total no. of reports with
data sets based on =30
tested isolates

73/131 125/154  36/51 257/279  30/42 112/147

Be%)  B1%) (1% ©2% (%) (%) 01@l636/80S (79K

AFR, African Region; AMR/PAHO, Region of the Americas/Pan American Health Organization; EDCD, European Centre for Disease Prevention and Control;

EMR, Eastern Mediterranean Region; EUR, European Region; SEAR, South-East Asia Region; WPR; Western Pacific Region.

a. Not all countries returned information for all combinations.

b. To avoid duplicate data collection, ECDC and AMRO/PAHO forwarded data already collected in their existing surveillance networks.

c. From countries providing several data sets, one per country and data with highest denominator is included in this table.

d. 3™generation cephalosporins mentioned in obtained national data are ciprofloxacin; gatifloxacin; levofloxacin; moxifloxacin; norfloxacin; ofloxacin; pefloxacin; refloxacin and
sparfloxacin.

e. Fluoroquinolones mentioned in obtained national data are ciprofloxacin, norfloxacin or ofloxacin.

f. Carbapenems mentioned in obtained national data are imipenem, meropenem, doripenem or ertapenem.

Data based on small sample sizes increase the laboratory capacity for analysis, compilation of results
uncertainty of the results. The gaps in data may be at the laboratory level or collection of aggregated
indicative of the difficulties in gathering information for data from laboratories at the national level, as well
this first global report, as well as insufficient capacity as other priorities or difficulties. These factors will
in the health systems. Limited health-system capacity vary between countries.

may result in insufficiencies in sampling of patients,



2.1.1 Key messages

« Of the 194 Member States, 129 (66%) returned
information for the survey forming the basis for
this report on national surveillance data. Of these,
114 Member States returned some data on at least
one of the requested bacteria—antibacterial drug
resistance combinations.

ANTIMICROBIAL RESISTANCE Global Report on surveillance 2014

« There is wide variability in the availability of
information on ABR at national level, and considerable
gaps remain in the capacity of a substantial number
of countries to produce national data based on testing
of sufficient isolates to obtain reasonably reliable
figures for the sampled population.

» The largest gaps in the obtained data were seen
in Africa, the Middle East and EUR Member States
outside the EU.

2.2 Resistance data on specific pathogens

2.2.1 Escherichia coli — resistance to
third-generation cephalosporins
and to fluoroquinolones

E. coli is part of the normal flora in the intestine in
humans and animals. Nevertheless it is:

+ the most frequent cause of community and hospital-
acquired urinary tract infections (including infections
of the kidney);

« the most frequent cause of bloodstream infection
at all ages;

 associated with intra-abdominal infections such as
peritonitis, and with skin and soft tissue infections
due to multiple microorganisms;

+ a cause of meningitis in neonates; and

» one of the leading causative agents of foodborne
infections worldwide.

Infections with E. coli usually originate from the person
affected (auto-infection), but strains with a particular
resistance or disease-causing properties can also be
transmitted from animals, through the food chain or
between individuals.

Evolution of antibacterial resistance in
Escherichia coli

» Resistancein E. colireadily develops either through
mutations, which is often the case for fluoroquinolone

resistance, or by acquisition of mobile genetic
elements, which has been the case for broad-
spectrum penicillins (e.g. ampicillin or amoxicillin)
and resistance to third-generation cephalosporins.

» Resistance to third-generation cephalosporins is
mainly conferred by enzymes known as extended
spectrum beta-lactamases (ESBLs); these enzymes
destroy many beta-lactam antibacterial drugs.
ESBLs are transmissible between bacteria and even
between bacterial species. Because E. coli strains
thathave ESBL are generally also resistant to several
other antibacterial drugs, carbapenems usually
remain the only available treatment option for severe
infections. Arecently emerging threatis carbapenem
resistance in E. coli mediated by metallo-beta-
lactamases, which confers resistance to virtually
all available beta-lactam antibacterial drugs.

» Thisreport focuses on available data on proportions
of E. coli resistant to third-generation cephalosporins,
which are widely used for intravenous treatment of
severe infectionsin hospitals, and to fluoroguinolones,
which are among the most widely used oral
antibacterial drugs in the community.

Resistance to third-generation
cephalosporins in Escherichia coli

Figure 3 illustrates sources for obtained resistance
datain countries according to the methods described
in Annex 1.
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Figure 3 Sources of data on Escherichia coli: Resistance to third-generation cephalosporinsa

* Most recent data as reported 2013 or published 2008-April 2013

o

°

@ ©
- National data (n=84) “ _ Publication, <30 tested isolates or incomplete information (n=3)
n National data, <30 tested isolates or incomplete information (n=10) D No information obtained for this report, some centres participate in some ANSORP projects (n=1)
5% National data not available (n=15) ] No information obtained for this report, some centres participate in some RusNet projects (n=3)
- National surveillance network/institution (n=2) I:l No information obtained for this report (n=47)

" . - o 875 1750 3,500 Kilometers:

Il Publication (n=29) [ INot applicable e —

National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.1-A2.6, Annex 2).
a. ceftazidim; cefotaxim; ceftriaxone

Data obtained from Member States are summarized by WHO region in Table 3. Details at country level are
provided in Tables A2.1-A2.6, Annex 2.

Table 3 Escherichia coli: Resistance to third-generation cephalosporins2 (summary of reported or
published proportions of resistance, by WHO region)

Reported range of
resistant proportion
(%) in invasive isolatesc
(no. of reports)

Overall reported

Data sources based on at least 30 tested isolates® range of resistant
proportion (%)

African Region

- National data (n=13 countries) 2-70 28-36 (n=4)
— Publications (n=17) from 7 additional countries 0-87 0-17 (n=5)
Region of the Americas

— National data or report to ReLAVRA (n=14 countries) 0-48

— Publications (n=10) from 5 additional countries 0-68

Eastern Mediterranean Region

- National data (n=4 countries) 22-63 41 (n=1)
- Surveillance network in 1 countryd 39 (caz)-50 (cro)
— Publications (n=44) from 11 additional countries 2-94 11-33 (n=6)

European Region

— National data or report to EARS-Net (n=35 countries) 3-82 3-43 (n=32)
— Publications (n=5) from 2 additional countries 0-8 0-8 (n=2)
South-East Asia Region

- National data (n=5 countries) 16-68

— Publications (n=26) from 2 additional countries 19-95 20-61 (n=2)
Western Pacific Region

- National data (n=13 countries) 0-77

— Institute surveillance (data from 3 hospitals in one country) 4-14

— Publications (n=4) from 2 additional countries

EARS-Net, European Antimicrobial Resistance Surveillance Network; ReLAVRA, Latin American Antimicrobial Resistance Surveillance Network. (For
details see Annex 2, Tables A2.1-A2.6).

a. Based on antibacterial susceptibility testing with caz, ceftazidim; cefotaxim or cro, ceftriaxone

b. Reported proportions may vary between compound used for testing and some countries report data for several compounds, or data from more than one surveillance system.
c. Invasive isolates are deep infections, mostly bloodstream infections and meningitis.

d. US Naval Medical Research Unit No 3, Global Disease Detection Program, Egypt.
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Resistance to fluoroquinolones in Escherichia coli

Figure 4 illustrates sources for obtained resistance data in the countries according to the methods in Annex
1. The major information gaps in national data for E. coli resistance to fluoroguinolones were similar to those
found for resistance to third-generation cephalosporins.

Figure 4 Sources of data on Escherichia coli: Resistance to fluoroquinolones?

* Most recent data as reported 2013 or published 2008-April 2013

o)
°
o O
I national data (n=90) L . I rublication (n=29) [ ] Not applicable
Ry National data, <30 tested isolates or incomplete information (n=5) Publication, <30 tested isolates or incomplete information (n=2)
@ National data not available (n=15) |:| No information obtained for this report, some centres participate in some RusNet projects (n=3)
Il \ational surveillance network/institution (n=2) [ ] No information obtained for this report (n=48) - —

National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.7-A2.12, Annex 2).
a. ciprofloxacin; gatifloxacin; levofloxacin; moxifloxacin; norfloxacin; ofloxacin; pefloxacin; refloxacin; sparfloxacin.

Data obtained from Member States are summarized by WHO region in Table 4, and details at country level are
provided in Tables A2.7-A2.12, Annex 2.

Table 4 Escherichia coli: Resistance to fluoroquinolones?

Overall reported Reported range of resistant

Data sources based on at least 30 tested isolatest range of resistant proportion (%) in invasive
proportion (%) isolatesc (no. of reports)

African Region

- National data (n=14 countries) 14-71 34-53 (n=2)

- Publications (n=23) from 8 additional countries 0-98 0-10 (n=4)

Region of the Americas

— National data or report to ReLAVRA (n=16 countries) 8-58

— Publications (n=5) from 4 additional countries 2-60

Eastern Mediterranean Region

- National data (n=4 countries) 21-62 54 (n=1)

- Surveillance networkd, one additional country 35

- Publications (n=32) from 10 additional countries 0-91 15-53 (n=5)

European Region

— National data or report to EARS-Net (n=35 countries) 8-48 8-47 (n=33)

— Publications (n=3) from 2 additional countries 0-18 0-18 (n=2)

South-East Asia Region

- National data (n=5 countries) 32-64

— Publications (n=19) from 2 additional countries 4-89

Western Pacific Region

— National data (n=16 countries) 3-96 7 (n=1)

— Institute surveillance (data from 3 hospitals in 1 country) 0-14

— Publications (n=5) from 3 additional counties 0.2-65 31 (n=1)

EARS-Net, European Antimicrobial Resistance Surveillance Network; ReLAVRA, Latin American Antimicrobial Resistance Surveillance Network (For

details see Annex 2, Tables A2.7-A2.12).

a. Based on antibacterial susceptibility testing with ciprofloxacin, gatifloxacin, levofloxacin, moxifloxacin, norfloxacin, ofloxacin, pefloxacin, refloxacin or sparfloxacin. Where the
fluoroquinolone was not specified, ciprofloxacin was used.

b. Reported proportions may vary between compound used for testing and some countries report data for several compounds, or data from more than one surveillance system.

c. Invasive isolates are deep infections, mostly bloodstream infections and meningitis.

d. US Naval Medical Research Unit No 3, Global Disease Detection Program, Egypt.
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The reported resistance to fluoroquinolones generally
seemed higher than for the third-generation
cephalosporins. Similar to the resistance to the third-
generation cephalosporins, there were reports of
fluoroquinolone resistance in E. coli exceeding 50%
in five of the WHO regions.

Public health implications

High reported proportions of resistance to third-
generation cephalosporins means that treatment for
severe infections, for which E. coli is a likely cause,
may need to be initiated with broader therapy (e.g.
carbapenems) in these populations. This implies higher
costs and stimulus to the expansion of carbapenem-
resistant strains. One review of community-acquired
neonatal and infant sepsis in developing countries
concluded that, because of resistance, a significant
proportion of the causal bacteria were treatable
neither by the recommended first-line regimen nor
by alternative cephalosporin treatment (7).

Quinolones are probably one of the most widely used
groups of antibacterial drugs for the treatment of
urinary tract infections, of which E. coli is the most
common cause. Resistance to quinolones may be
indicative of resistance to one of the last available oral
treatment options in some settings. Data need to be
compiled on resistance to other oral antibacterial drugs
notincluded in this report, but which may be useful to
treat uncomplicated urinary tract infections (e.g. co-
trimoxazole, nitrofurantoin and mecillinam). When oral
alternatives are no longer available, treatment by
injection may become necessary, with additional costs
for the patients and the health systems.

The systematic reviews summarized in Section 3
specifically address the impact on health and economic
burden of infections caused by E. coli resistant to
third-generation cephalosporins and fluoroguinolones.
They confirm that patients with infections caused by
such resistant E. coli strains carry a risk of poorer
clinical outcomes and consume more health-care
resources than patients with infections by E. coli strains
susceptible to third-generation cephalosporins
or fluoroguinolones.

Key messages

Data on E. coli resistance to third-generation
cephalosporins were obtained from 86 (44 %) of the
Member States, and on resistance to fluoroquinolones
from 92 (47%) of the Member States.

The collection of reports and publications consistently
disclosed high resistance rates to the last generation
drugs commonly used to treat serious infections,
and to oral drugs used for both community and
hospital infections.

Resistance to antibacterial drugs in selected bacteria of international concern / 2.2 Resistance data on specific pathogens

2.2.2 Klebsiella pneumoniae — resistance
to third-generation cephalosporins
and to carbapenems

Like E. coli, bacteria of the genus Klebsiella are frequent
colonizers of the gutin humans and other vertebrates.
Infections with K. pneumoniae are particularly common
in hospitals among vulnerable individuals such as
pre-terminfants and patients with impaired immune
systems, diabetes or alcohol-use disorders, and those
receiving advanced medical care.

Most common are urinary and respiratory tract
infections and, in neonates, bloodstream infections.
K. pneumoniae is a common cause of Gram-negative
bloodstream infections. The mortality rates for
K. pneumoniae hospital-acquired pneumonia depend
on the severity of the underlying condition, and can
exceed 50% in vulnerable patients, even when treated
with appropriate antibacterial drugs.

Like other bacteria in health-care settings
K. pneumoniae can spread readily between patients,
leading to nosocomial outbreaks. This frequently
occursinintensive care units (ITUs) and neonatal care
facilities. Spread of K. pneumoniae among different
hospitals and even across country borders through
the transfer of infected or colonized patients has also
been documented (2).

Evolution of antibacterial resistance in
Klebsiella pneumoniae

Similar to E. coli, K. pneumoniae acquires resistance to
multiple antibacterial drugs mainly through horizontal
transfer of mobile genetic elements such as transposons
or plasmids. In contrast to E. coli, K. pneumoniae carries
a resistance gene (chromosomally located beta-
lactamase) that naturally renders ineffective penicillins
with an extended spectrum, such as ampicillin
and amoxicillin. Resistance to other widely used
and available oral antibacterial drugs such as co-
trimoxazole and fluoroquinolones (e.g. ciprofloxacin)
has emerged and spread globally. This means that
there are few remaining options for oral treatment
of Klebsiella infections in many parts of the world.

In 1982, the first ESBL was identified during a hospital
outbreak of K. pneumoniae infections in Germany
(3). Since then more than 200 ESBL variants have
been identified, some of which have spread rapidly
worldwide. Moreover, many ESBL variants initially
identified in K. pneumoniae have subsequently
transferred to E. coli. ESBL-positive strains are resistant
to all extended beta-lactam antibacterial drugs such as
cephalosporins and, for these strains, the carbapenems
are the main remaining treatment option.




K. pneumoniae is also the main cause of infections
caused by carbapenem-resistant bacteria worldwide.
All of the most important genes that can confer
carbapenem resistance (via carbapenemases) are
present in K. pneumoniae, thereby rendering almost
all available treatment options ineffective. For many
patients infected with these bacteria there are no
clinically effective treatments.
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Given the situation outlined above, this report focuses
on resistance in K. pneumoniae to third-generation
cephalosporins, which have been the standard
intravenous treatment for severe Klebsiella infections
in hospitals, and to carbapenems, which are the
last option for treatment of severe infections when
cephalosporins are no longer reliable due to a high
proportion of ESBL-mediated resistance.

Resistance to third-generation cephalosporins

Figure b shows the sources of obtained resistance data in each country, and where major knowledge gaps
exist on resistance proportions for K. pneumoniae resistant to third-generation cephalosporins.

Figure 5 Sources of data on Klebsiella pneumoniae: Resistance to third-generation cephalosporinsa

* Most recent data as reported 2013 or published 2008-April 2013
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- National data (n=85)

National data, <30 tested isolates or incomplete information (n=8) l:l No information obtained for this report, some centres participate in some RusNet projects (n=3)

o Publication, <30 tested isolates or incomplete information (n=1)

@ National data not available (n=22) E No information obtained for this report, some centres participate in some ANSORP projects (n=1) 0 875 1750 3,500 Kilometers
- National surveillance network/institution (n=2) l:l No information obtained for this report (n=53)
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National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.13-A2.18 Annex 2).
a. ceftazidim; cefotaxim; ceftriaxone

Data obtained from Member States are summarized by WHO region in Table 5 (see Tables A2.13-A2.18, Annex 2
for details).



Resistance to antibacterial drugs in selected bacteria of international concern / 2.2 Resistance data on specific pathogens

Table 5 Klebsiella pneumoniae: Resistance to third-generation cephalosporins2 (summary of reported or
published proportions of resistance, by WHO region)

Data sources based on at least 30 tested isolatesP

Reported range of
resistant proportion (%) in

Overall reported
range of resistant

: S .
s (A invasive isolatesc (no. of

African Region
- National data (n=13 countries)
— Publications (n=4) from 1 additional country

Region of the Americas
— National data or report to ReLAVRA (n=17 countries)
— Publications (n=3) from 3 additional countries

Eastern Mediterranean Region

- National data (n=4 countries)

- Surveillance networkd (n=1) in 1 additional country
- Publications (n=16) from 7 additional countries

European Region
— National data or report to EARS-Net (n=33 countries)
— Publications (n=2) from 2 additional countries

South-East Asia Region
- National data (n=4 countries)
— Publications (n=23) from 4 additional countries

Western Pacific Region

- National data (n=14 countries)

— Institute surveillance (data from 3 hospitals in 1 country)
— Publications (n=3) from 2 additional countries

reports)
8-77 41-62 (n=3)
9-69
4-71
15-56 56 (n=1)
22-50 48 (n=1)
72 (caz)-82 (cro)
6-75 17 (ctx); 43 (caz); 50 (cro) (n=1)
2-82 2-82 (n=31)
4-61 11 (cro); 16 (ctx); 18 (caz) (n=1)
34-81
5-100 53.3-100 (n=4)
1-72 72 (n=1)
17-30
27-35 27 (n=1)

EARS-Net, European Antimicrobial Resistance Surveillance Network; ReLAVRA, Latin American Antimicrobial Resistance Surveillance Network.

a. caz, ceftazidim; ctx, cefotaxim; cro, ceftriaxone

. Reported proportions may vary between compound used for testing and some countries report data for several compounds, or data from more than one surveillance system.

b
c. Invasive isolates are deep infections, mostly bloodstream infections and meningitis.
d. US Naval Medical Research Unit No 3, Global Disease Detection Program, Egypt.

Reported resistance proportions to third-generation
cephalosporinswere generally higherin K. pneumoniaethan
in E. coli. A majority of sources reported more than
30% resistance in K. pneumoniae to third-generation
cephalosporins in the sampled populations (Annex 2,
Tables A2.13-A2.18). Resistance proportions exceeding
50% were reported from all WHO regions.

Resistance to carbapenems

CompileddataoncarbapenemresistanceinK. pneumoniae
(Figure 6) show knowledge gaps greater than for
cephalosporin resistance in K. pneumoniae.
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Figure 6 Sources of data on Klebsiella pneumoniae: Resistance to carbapenems?

* Most recent data as reported 2013 or published 2008-April 2013
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National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.19-A2.24, Annex 2).
a. doripenem, ertapenem, imipenem, meropenem

Data obtained from Member States are summarized by WHO region in Table 6 (see Annex 2, Tables A2.19-A2.24
for details).

Table 6 Klebsiella pneumoniae: Resistance to carbapenemsa2 (summary of reported or published
proportions of resistance, by WHO region)

Overall reported Reported range of resistant

Data sources based on at least 30 tested isolatesb range of resistant proportion (%) in invasive
proportion (%) isolatesc (no. of reports)

African Region
- National data (n=4 countries) 0-4
- Publications (n=0)

Region of the Americas

— National data or report to ReLAVRA (n=17 countries) 0-11

— Publications (n=2) from 2 additional countries 0-2

Eastern Mediterranean Region

- National data (n=4 countries) 0-54 54 (n=1)

- Surveillance networkd (n=1) in 1 additional country 6

- Publications (n=9) from 5 additional countries 0-21 0(n=1)
European Region

— National data or report to EARS-Net (n=31 countries) 0-68 0-68 (n=30)
— Publications (n=3) from 2 additional countries 2-7 2 (n=1)
South-East Asia Region

- National data (n=4 countries) 0-8

— Publications (n=15) from 2 additional countries 0-55 0-52 (n=3)

Western Pacific Region

— National data (n=9 countries) 0-8
— Institute surveillance (data from 2 hospitals in 1 country) 0-1
— Publications (n=2) from 2 additional countries 0-1

1

EARS-Net, European Antimicrobial Resistance Surveillance Network; PAHO, Pan American Health Organization; ReLAVRA, Latin American Antimicrobial
Resistance Surveillance Network.

a. Based on antibacterial susceptibility testing with doripenem, ertapenem, imipenem or meropenem

b. Reported proportions may vary between compound used for testing and some countries report data for several compounds, or data from more than one surveillance system.
c. Invasive isolates are deep infections, mostly bloodstream infections and meningitis.

d. US Naval Medical Research Unit No 3, Global Disease Detection Program, Egypt.
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As can be seen in the table, carbapenem-resistant
K. pneumoniae has now been reported in all WHO
regions, with reports in two regions exceeding 50%.
There are gaps in information in most WHO regions,
because 49 of the 69 datasets came from countries in
the Region of the Americas and the European Region.

Public health implications

As for E.coli resistant to third-generation
cephalosporins, the high proportions of cephalosporin
resistance means that treatment for verified or
suspected severe K. pneumoniae infections in many
situations has to rely on carbapenems, if available.
This usually involves higher costs and a risk of further
expansion of carbapenem-resistant strains. At the
same time, and as for E. coli, there is a risk that
findings based on limited series of skewed patient
groups may lead to unnecessarily high usage of broad-
spectrum antibacterial drugs, which will exacerbate
the resistance problem. Of even greater concern is
thatinfections with carbapenem-resistant strains need
to be treated with the last-resort drugs tigecycline or
colistin, which are not only less effective but also not
widely available.

The systematic review summarized in Section 3
addressed the impact on health and economic burden
due to infections caused by K. pneumoniae resistant to
third-generation cephalosporins and carbapenems.
The review confirms that patients with such resistant
K. pneumoniae infections carry a risk of worse clinical
outcomes and consume more health-care resources
than patients infected by susceptible strains.

Key messages

- Dataonresistance to third-generation cephalosporins
were obtained from 87 (45%) of the Member States,
and on carbapenem resistance from 71 (37%) of
the Member States. Most of the reporting countries
are in two WHO regions — Region of the Americas
and the European Region — revealing large gaps in
knowledge in most parts of the world (including in
several non-EU countries in the European Region).

« A majority of sources reported more than 30%
resistance in K. pneumoniae against third-generation
cephalosporins, and some countries more than 60%.

 Alarming rates of carbapenem resistance — exceeding
50% - have been reported in K. pneumoniae in some
patient groups, for which few if any alternative
treatment options are available.

Resistance to antibacterial drugs in selected bacteria of international concern / 2.2 Resistance data on specific pathogens

2.2.3 Staphylococcus aureus — resistance
to methicillin

S. aureus is a Gram-positive bacterium that can be a
part of the normal flora on the skin and in the nose,
butis another of the most important human pathogens.
S.aureus can cause a variety of infections, most notably
skin, soft tissue, bone and bloodstream infections. Itis
also the most common cause of postoperative wound
infections. Some strains of S. aureus produce toxic
factors that can cause a variety of specific symptoms,
including toxic shock syndrome and food poisoning.

Evolution of antibacterial resistance in
Staphylococcus aureus

When penicillin was first introduced it was an effective
treatment for S. aureus infections, but resistance had
already developed during the 1940s. This resistance
was mediated by the production of a beta-
lactamase enzyme that inactivates drugs such as
penicillin, ampicillin and amoxicillin. Consequently,
beta-lactamase-stable drugs (e.g. methicillin and
cloxacillin) as well as beta-lactamase inhibitors
(e.g. clavulanic acid and sulbactam) that could be
combined with the antibacterial drugs were developed.
Strains of S. aureus resistant to these penicillinase-
stable antibacterial drugs have acquired a novel
gene (mecA) that codes for a novel penicillin-binding
protein; these strains are termed methicillin-resistant
Staphylococcus aureus (MRSA).

The first strains of MRSA emerged during the
1960s. Initially, MRSA was mainly a problem in
hospital-acquired infections. Over the past decade,
community-acquired MRSA has increased significantly
in a number of countries. Fortunately, many of these
community-acquired MRSA strains have so far
retained susceptibility to a number of non-beta-lactam
antimicrobials, whereas most health-care associated
MRSA infections are caused by difficult-to-treat
multiresistant strains. For the latter, the treatment of
last resort has been glycopeptides such as vancomycin
(since the 1950s) and teicoplanin, which can only be
given by injection and also needs careful monitoring
to avoid adverse side-effects. New treatment options
for MRSA (but also associated with problematic side-
effects) have been developed more recently: linezolid
(1970s) and daptomycin (1980s) are the most recently
licensed antibacterial drug classes.
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Methicillin resistance in Staphylococcus aureus

Figure 7 shows the sources of resistance data in each country according to the methods in Annex 1, and the
major knowledge gaps for MRSA proportions in S. aureus, based on the data available for this report.

Figure 7 Sources of data on Staphylococcus aureus: Resistance to beta-lactam antibacterial drugs
(i.e. methicillin-resistant S. aureus, MRSA)

* Most recent data as reported 2013 or published 2008-April 2013
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National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.25-A2.30, Annex 2).

Data obtained from Member States are summarized by WHO region in Table 7. Details at the country level are
in Annex 2, Tables A2.25-A2.30.

Table 7 Staphylococcus aureus: Resistance to beta-lactam antibacterial drugs (i.e. methicillin-resistant
S. aureus, MRSA)

Overall reported Reported range of resistant

Data sources based on at least 30 tested isolates? range of resistant proportion (%) in invasive
proportion (%) isolatesb (no. of reports)

African Region

- National data (n=9 countries) 12-80 52 (n=1)

- Publications (n=27) from 10 additional countries 0-100 33-95 (n=3)
Region of the Americas

— National data or report to ReLAVRA (n=15 countries) 21-90

— National networks (n=2) no additional country 21-84

— Publications (n=17) from 7 additional countries 2.4-90 43-45 (n=2)
Eastern Mediterranean Region

- National data (n=4 countries) 10-53 53 (n=1)

- Hospital networke (n=1) from 1 additional country 46

- Publications (n=31) from 10 additional countries 0-92 13-18 (n=3)
European Region

- National data or report to EARS-Net n=36 countries) 0.3-60 0.3-6 (n=32)
— Publications (n=5) from 2 additional countries 27-80 27-50 (n=3)
South-East Asia Region

- National reports (n=3 countries) 10-26

- Publications (n=25) from 4 additional countries 2-81 37 (n=1)

Western Pacific Region

- National data (n=16 countries) 4-8
— Institute surveillance (n=2 from one additional country) 1-4
— Publications (n=1) from one additional country 60

4

EARS-Net; European Antimicrobial Resistance Surveillance Network; ReLAVRA, Latin American Antimicrobial Resistance Surveillance Network.
a. Some countries report data from more than one surveillance system.

b. Invasive isolates are deep infections, mostly bloodstream infections and meningitis.

c. US Naval Medical Research Unit No 3, Global Disease Detection Program, Egypt.
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Public health implications

The implication of high reported proportions of
MRSA is that treatment for suspected or verified
S. aureus infections in many countries may require
second-line antibacterials. This may also be the
case for prophylaxis in orthopaedic and many other
surgical procedures. Second-line drugs needed to
treat or prevent MRSA infections are more expensive
and, because of their side-effects, monitoring during
treatment is advisable. As for the other bacteria,
however, there is a risk that empiric treatment
recommendations based on small and skewed patient
samples may lead to an unnecessary overuse of more
expensive second-line drugs.

The systematic reviews summarized in Section 3
address the impact on health and economic burden
from infections caused by MRSA. The available
evidence discloses a clear increase in mortality and
use of health-care resources, and therefore additional
costs, associated with MRSA.

Key messages

« Data on MRSA proportions among S. aureus were
obtained from 85 (44%) of the Member States.

» Most reported MRSA proportions exceed 20% in all
WHO regions, and even exceed 80% in some reports.

« High MRSA proportions imply increased risk for
patients and a need for second-line more toxic drug
treatment. This will increase costs and side-effects,
and may drive resistance further in staphylococci
or other species (or both).

Resistance to antibacterial drugs in selected bacteria of international concern / 2.2 Resistance data on specific pathogens

2.2.4 Streptococcus pneumoniae —
resistance (non-susceptibility) to
penicillin

S. pneumoniae (the bacteria are also known as
pneumococcl) is the leading cause worldwide of
community-acquired pneumonia, which is among
the main Killers of children under 5 years of age.
Other diseases caused by S. pneumoniae include
common mild, self-limiting infections such as acute
otitis media, but also extend to cases of invasive disease
with high mortality such as meningitis. Among the
bacterial causes of meningitis, S. pneumoniae is
associated with the highest case—fatality rate and
is the most likely to leave survivors with permanent
residual symptoms.

The clinical burden of pneumococcal infection is
concentrated among the eldest and youngest
sections of the population. According to one estimate,
S. pneumoniae caused about 826 000 deaths
(582 000—926 000) in children aged 1—59 months.
For HIV-negative children pneumococcal infection
corresponds to 11% of all deaths in this age group (4).
Pneumococci are commonly found in asymptomatic
nasopharyngeal carriage, where the prevalence varies
by age and region. The asymptomatic carriage state
is responsible for much of the transmission within
populations, such as day-care centres.

Evolution of antibacterial resistance in
Streptococcus pneumoniae

Resistance to beta-lactam antibacterial drugsin clinical
isolates of S. pneumoniae occurs through the acquisition
of mutations in the genes coding for the penicillin-
binding proteins (PBPs), essential components of the
bacterial cell wall. The successive acquisition of multiple
mutations in the different PBPs results in increasing
minimum inhibitory concentrations (MICs) for penicillin
and the other beta-lactam drugs. The methodology
needed to detect this gradual increased resistance and
characterize as "non-susceptible” (NS) or “resistant”
(R) is different; thus, it is reported differently from
different sources, depending on the capacity the
sources have.

As for the other bacteria considered in this report,
some particularly successful strains have emerged
and rapidly spread worldwide.

S)
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Resistance and reduced susceptibility to penicillin in Streptococcus pneumoniae

Figure 8 shows the sources of collected data on non-susceptibility or resistance to penicillinin S. pneumoniae in
each country, and that there were larger gaps in the available resistance data for this typically community-
acquired pathogen, compared to the bacteria—antibacterial drug combinations described previously.

Figure 8 Sources of data on Streptococcus pneumoniae: Resistance or non-susceptibility to penicillin

* Most recent data as reported 2013 or published 2008-April 2013
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- National surveillance network/institution (n=1) l:l No information obtained for this report (n=49) 0875 1750
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National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.31-A2.36, Annex 2).

3,500 Kilometers.

Data obtained from Member States are summarized by WHO region in Table 8. Details at the country level are
in Annex 2, Tables A2.31-A2.36.

Table 8 Streptococcus pneumoniae: Resistance or non-susceptibility to penicillin

Overall reported range of
proportion resistant (R) proportion resistant or
and/or non-susceptible non-susceptible in invasive
(NS) isolatesa (no. of reports)

Reported range of

Data sources based on at least 30 tested isolates

African Region
- National data (n=5 countries)
— Publications (n=16) from 14 additional countries

3-16 (R) or 57-60 (NS)
1-100 (R) or 9-69 NS or 0-79 b

3 (R) (n=1)
9-18 (NS) or 24-79 b (n=5)

Region of the Americas

— National data or report to ReLAVRA or
SIREVA (n=15 countries)

— Publications (n=1) from 1 additional country

0-48b 0-485 (n=14)

53 (non-meningitis) (NS) 64 (meningitis) (NS)
Eastern Mediterranean Region
- National data (n=3 countries)
— Publications (n=17) from 9 additional countries

13-34 (R) or 5 (NS)
0.3-64 (R) or 17-48 (NS) or
0-93b

34 (R) (n=1)
2-14 (R) or 17-40 (NS) (n=10)

European Region

— National data or report to EARS-Net (n=31 countries)
— Publications (n=1) from 1 additional country

South-East Asia Region
- National data (n=2 countries)
— Publications (n=2) from 2 additional countries

Western Pacific Region

— National data (n=10 countries)

— Hospital data (two hospitals in 1 country)

— Publications (n=4) from 2 additional countries

0-61 (R) or 0.9-73 (NS)
13-68 (NS)

47-48b
0-6 (R)

17-64 (NS) or 0-47 P
0-2
44-96 (R) or 0-69 (NS)

0.9-61 (NS) or 32-45 b (n=27)
13 (NS) (n=1)

0 (R) (n=1)

44 (R) or 0 (NS) (n=2)

EARS-Net, European Antimicrobial Resistance Surveillance Network; NS, non-susceptible; R, resistant; ReLAVRA, Latin American Antimicrobial Resistance
Surveillance Network; SIREVA, Sistema de Redes de Vigilancia de los Agentes Responsables de Neumonias y Meningitis Bacterianas (System of Networks
for Surveillance of the Bacterial Agents Responsible for Pneumonia and Meningitis).

(for details see Annex 2, Table A2.31-A2.36)

a. Invasive isolates are deep infections, mostly bloodstream infections and meningitis.

b. Not specified whether R or NS.
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Of the countries providing data sets on at least 30
tested isolates, b7 came from three WHO regions —
Region of the Americas, the European Region and the
Western Pacific Region — leaving major gaps in data
from the other regions.

Compilation of data was complicated by differences in
the terminology and microbiological methods used in
the different data sources. Results may be presented in
different categories: resistant (R); non-susceptible (NS),
which includes resistant plus reduced susceptibility;
or susceptible (S), which refers to those that are
not NS. It is likely that this classification may not be

Resistance to antibacterial drugs in selected bacteria of international concern / 2.2 Resistance data on specific pathogens

interpreted or applied identically by all laboratories.
Despite discrepancies, non-susceptibility to penicillin
is detected in all WHO regions, and exceeds 50% in
reports based on some types of samples.

Public health implications

When penicillin was introduced, it dramatically
changed the outcome for patients with pneumococcal
pneumonia and concomitant bloodstream infection
(which is common) from a case—fatality rate of about
90% to a survival rate of about 90% (Figure 9).

Figure 9 Survival after pneumococcal pneumonia with bloodstream infection before and after penicillin

treatment became available.
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Adapted from Austrian et al. (5).

Resistance has been linked to worse clinical outcomes
in patients with pneumococcal meningitis, but the
clinical implications for patients with bloodstream
infections caused by S. pneumoniae strains with
reduced susceptibility to penicillin are less clear
(6-9). Nevertheless, resistance data may influence
treatment guidelines for bloodstream infections,
entailing increased health-care costs that may not
always be justified. Thus, more data on resistance
would be valuable. However, and as mentioned
previously, to distinguish R from NS requires different
methodologies and would need increased laboratory
capacity for conducting AST.

Key messages

Data were obtained from only 67 (35%) of the
Member States. The major gaps in surveillance
of this important, typically community-acquired
pathogen, according to the data compiled for this
report, were in three WHO regions: the African
Region, the Eastern Mediterranean Region and the
South-East Asia Region.

Non-susceptibility to penicillin has been detected
in all WHO regions.
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Differences between microbiological methods
and in terminology for reporting resistance add
to difficulties in assessing the magnitude of the
impact of resistance on disease burden and
clinical outcomes.

2.2.5 Nontyphoidal Salmonella -
resistance to fluoroquinolones

Bacteria of the genus Salmonella are a major cause of
foodborne illness throughout the world. As a zoonotic
pathogen, Salmonella can be found in the intestines
of many food-producing animals such as poultry and
pigs. Infection is usually acquired by consumption
of contaminated water or food of animal origin:
mainly undercooked meat, poultry, eggs and milk.
Human or animal faeces can also contaminate the
surface of fruits and vegetables, which can lead to
foodborne outbreaks.

Most Salmonella strains cause gastroenteritis,
while some strains, particularly Salmonella enterica
serotypes Typhi and Paratyphi, are more invasive and
typically cause enteric fever. Enteric fever is a more
serious infection that poses problems for treatment
due to ABR in many parts of the world.




This report focuses on nontyphoidal Salmonella
(NTS), because these are main diarrhoeal pathogens
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Evolution of antibacterial resistance in
nontyphoidal Salmonella

transmitted via the food chain. In many countries,
The incidence of NTS infections has increased
markedly in recent years, for reasons that are
unclear. One estimate suggests that there are around
94 million cases, resulting in 155 000 deaths, of NTS
gastroenteritis each year. The majority of the disease
burden, according to this study, is in the South-East
Asian Region and the Western Pacific Region (70).

ABR varies between different serotypes of NTS,
and is significant in some of them. During the late
1990s and early 2000s, several clones of multidrug-
resistant Salmonella emerged, and since then
they have expanded worldwide. For instance,
in Salmonella enterica serotype Typhimurium,
the genomic element that carries resistance to
five antimicrobials (ampicillin, chloramphenicol,
streptomycin, sulfonamides and tetracycline) may
spread horizontally among other serotypes and acquire
additional resistance determinants.

Resistance to fluoroquinolones in nontyphoidal Salmonella

Figure 10 shows the sources of collected resistance data in each country according to the methods in Annex 1,
and notes where there are major knowledge gaps for resistance to fluoroquinolones in NTS, based on the data
available for this report. Comparatively little information was available on this community-acquired pathogen
from African and Asian countries.

Figure 10 Sources of data on nontyphoidal Salmonella: Resistance to fluoroquinolones?

* Most recent data as reported 2013 or published 2008-April 2013
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National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.37-A2.42, Annex 2).
a. ciprofloxacin, norfloxacin.

Data obtained from Member States are summarized by WHO region in Table 9, and details at country level are
given in Tables A2.37-A2.42, Annex 2.
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Table 9 Nontyphoidal Salmonella: Resistance to fluoroquinolonesa (summary of reported or published

proportions of resistance, by WHO region)

Data sources based on at least 30 tested isolates

Overall reported

Reported range of resistant
proportion (%) in blood
isolates (no. of reports)

range of resistant
proportion (%)

African Region
- National data (n=9 countries)
— Publications (n=11) from 8 additional countries

Region of the Americas
- National data (n=13 countries)
— Publications (n=1) from 1 additional country

Eastern Mediterranean Region
- National data (n=4 countries)
- Publications (n=4) from 4 additional countries

European Region
- National data or report to FWD-Net, (n=29 countries)
— Publications (n=1) from1 additional country

South-East Asia Region
- National data (n=2 countries)
— Publication (n=1) from 1 additional country

Western Pacific Region

- National data (n=9 countries)

- Network/institution data (n=4 from 2 countries)
— Publications from remaining countries (n=0)

0-30 0-30 (n=4)

2-49 6 (n=1)

FWD-Net, Foodborne and Waterborne Diseases and Zoonoses Network.
a. ciprofloxacin, norfloxacin.

Some of the information gaps were in the South-
East Asian and Western Pacific Regions, where the
disease burden has been estimated to be highest (70).
The resistance in NTS to fluoroquinolones was less
than 5% in a majority of national data, although there
were some from the African Region and the Eastern
Mediterranean Region of 35%-49% and one from
Region of the Americas of 96%. A possible imprecision
in the definition of the term NTS (and therefore of
which results should be included), and the inclusion
of only a subset of Salmonella types in some reports,
probably contributed to this observed variation in
resistance proportions.

Public health implications

Infections caused by NTS are common and usually self-
limiting. In severe cases antibacterial treatment may
be warranted. Multidrug-resistant Salmonella enterica
serotype Typhimurium has been associated with a
higher risk of invasive infection, higher frequency and
duration of hospitalization, longer illness, and increased
risk of death as compared to infections caused by
susceptible strains (717). Reduced susceptibility to oral
drugs such as ciprofloxacin, and increasing numbers
of treatment failures, are of concern.

Key messages

« Dataonresistancein NTS to fluoroquinolones were
obtained from 68 (35%) of the Member States.
Some of the major information gaps were in regions

where the disease burden is highest, such as in
South-East Asia.

« Reported resistance was less than 5% in most of the
reporting countries: a low proportion that may be
partly attributable to differing interpretation of the
definition of the Salmonella serotypes to be included.
Thus, the data should be interpreted with caution.

2.2.6 Shigella species — resistance to
fluoroquinolones

Shigella species are a major cause of diarrhoea
and dysentery throughout the world. These bacteria
are transmitted by ingestion of contaminated food
or water, or through person-to-person contact.
Shigellosis is primarily a disease of resource-poor
crowded communities that do not have adequate
sanitation or safe water. Shigella is never considered
to be part of the normal intestinal flora. Ingestion of
just a few of these organisms is enough to result in
development of symptoms. Most patients recover
without complications within 7 days, but shigellosis
can be a life-threatening or fatal disease, particularly in
children. The annual number of Shigella episodes
worldwide is estimated to be 165 million, of which
more than 100 million occur in the developing world,
causing more than 1 million deaths. The highest rate
of Shigella infection (69% of cases) and the highest
death rate (61% of deaths) occur in those younger
than 5 years (12-14).
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Evolution of antibacterial resistance to ciprofloxacin or azithromycin. Mobile genetic units
in Shigella (including plasmids, gene cassettes in integrons and
transposons) are important in the spread of resistance
determinants among Shigella isolates, as well as in
other enterobacteria such as Klebsiella and E. coli.

Formerly, Shigella strains were susceptible to co-
trimoxazole. However, as resistance has emerged to this
antimicrobial, treatment recommendations have shifted

Resistance to fluoroquinolones in Shigella species

Figure 11 shows the sources of collected resistance data in each country according to the methods in Annex 1.

Figure 11 Sources of data on Shigella species, resistance to fluoroquinolones?

* Most recent data as reported 2013 or published 2008-April 2013
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National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.43-A2.48, Annex 2).
a. ciprofloxacin, norfloxacin.

Data obtained from Member States are summarized by WHO region in Table 10, see Tables A2.43-A2.48,
Annex 2 for details.

Table 10 Shigella species: Resistance to fluoroquinolonesa

Data sources based on at least 30 tested isolates Overall reported range of resistant proportion (%)

African Region
- National data (n=4 countries) 0-3
— Publications (n=8) from 4 additional countries 0-9

Region of the Americas
— National data (n=14 countries)
— Publications (n=2) from 2 additional countries

Eastern Mediterranean Region
- National data (n=2 countries) 3-10
— Publications (n=7) from 5 additional countries 0-41.3

European Region
- National data or reports to FWD-Net (n=10 countries) 0-47
— Publications (n=2) from 1 additional country 0

South-East Asia Region
- National data (n=0 countries)
— Publications (n=11) from 3 additional countries 0-82

Western Pacific Region

- National data (n=4 countries) 3-
- Network/ institution data (two hospitals in 1 country) 0
— Publications (n=1) from 1 additional country 2

28

FWD-Net, Foodborne and Waterborne Diseases and Zoonoses Network (coordinated by the ECDC).
a. ciprofloxacin, norfloxacin.
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Exceptin AMRO, national data were generally scarce,
especially from countries where shigellosis is a
significant public health problem, particularly in children
(12-14).Most reporting countries reported resistance
proportions below 10%, although a proportion of 82%
was reported by one country. More information on the
situation is needed.

Public health implications

Antibacterial drugs have a proven effect in the
management of Shigella infections and may be life-
saving. Emerging resistance has been reported as
a concern from some countries. For this reason,
the gaps in surveillance data at national level are of
concern and raise the question as to whether or not
representative local data are available to also inform
treatment guidelines.

Key messages

 Data were obtained from only 35 (18%) of the Member
States, with gaps in knowledge about resistance
in Shigella species in countries where the major
disease burden is.

» Better understanding of the frequency and patterns
of resistance in Shigella species could inform
treatment policy-making for reduction of disease
burden and mortality.

2.2.7 Neisseria gonorrhoeae — decreased
susceptibility to third-generation
cephalosporins

N. gonorrhoeae is the bacterium that causes
gonorrhoea (the bacteria are also known as gonococci).
Gonorrhoeais a sexually transmitted, acute infection
of the reproductive tract that may be symptomatic or
asymptomatic. If untreated, or inappropriately treated,
this infection can result in severe complications,
including genital and reproductive tract inflammation
and damage, and infertility. N. gonorrhoeae can also be
transmitted sexually to infect other anatomic sites such
as the pharynx and the rectum. Infection in pregnant
women can result in infections in the newborn,
including eye infections that may lead to blindness.
The most recent WHO estimates from 2008 suggested
that there were 106 million new cases of gonorrhoea
in adults aged 15-49 years globally (75).

Evolution of antibacterial resistance in
Neisseria gonorrhoeae

The history of emergence of ABR in gonococci has
followed the same general pattern for many decades;
the release of each new class of antibacterial drugs
for the treatment of gonorrhoea has been followed
by the development of resistance to it. This acquired
resistance has expanded globally and been sustained
over time, persisting even after the specific antibacterial
drug has been withdrawn from the market.

Resistance to antibacterial drugs in selected bacteria of international concern / 2.2 Resistance data on specific pathogens

The emergence of gonococcal resistance to penicillin
and tetracycline was identified in Asia during the
1970s, and became widespread in multiple regionsin
the early 1980s. In the early to mid-1990s, high levels
of resistance to fluoroquinolones also emerged in
Asia and started to spread internationally. The third-
generation cephalosporins, which are the last
remaining options for empiric monotherapy, are now
recommended as the first-line treatment regimen for
gonococcal infections (in the USA and Europe in a
dual antimicrobial regimen, generally combined with
azithromycin) (76, 17). There is no ideal alternative
to the third-generation cephalosporins, and there
are very few new treatment options in the drug
development pipeline.

In this context, alarmingly, several countries have
reported treatment failures with oral cephalosporin
(cefixime), and there are now some verified reports of
treatment failure with the parenteral cephalosporin
(ceftriaxone) in patients with pharyngeal gonorrhoea
(18). The gonococcal strains causing those clinical
failures were resistant to most other antibacterial
drugs relevant for treatment, and have been classified
as multidrug-resistant gonococci or even extensively
drug-resistant gonococci.

Surveillance of decreased susceptibility
to third-generation cephalosporins in
N. gonorrhoeae

The WHO Gonococcal Antimicrobial Surveillance
Programme (GASP) was established in 1992 in the
Western Pacific Region, and since then a global
laboratory network has been developed to coordinate
gonococcal antimicrobial resistance surveillance,
monitor longitudinal trends in antimicrobial resistance
and provide data to inform treatment guidelines. In each
WHO region there is a GASP coordinating laboratory
that works in partnership with the corresponding WHO
regional office. The regional coordinating laboratory
provides technical support to countries to strengthen
laboratory capacity, and an external quality assessment
programme including maintenance and distribution of
the WHO panels of N. gonorrhoeae reference strains
for quality assurance (79). In high-income countries,
the widespread adoption of molecular methods for
detecting N. gonorrhoeae has reduced the number of
specimens being cultured, therefore decreasing the
number of isolates undergoing AST.

When considering and interpreting data it must be noted
that the GASP reporting laboratories use a number
of different methods of AMR testing and there are
important differences in these methods, in particular
for the reporting of ceftriaxone. Although the issue
of comparability remains unresolved, the use of WHO
N. gonorrhoeae control strains in testing, and the WHO
Global Action Plan (20), which in 2012 suggested the
level for decreased susceptibility for ceftriaxone,
have somewhat improved the situation.
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Figure 12 shows the sources of collected resistance data in each country according to the methods in Annex 1.
In situations where data were obtained from more than one national data source (n=3 for which data on >30
isolates were obtained and n=1 providing data on < 30 isolates), the priority was given to illustrating country
participation in the WHO GASP/Gonococcal Isolate Surveillance Project (GISP)/Gonococcal Resistance to
Antimicrobials Surveillance Programme (GRASP) network in the map. The number of countries participating in
GASP varies by region, as does the extent to which those countries perform gonococcal resistance surveillance.

Figure 12 Sources of data on Neisseria gonorrhoeae: Decreased susceptibility to third-generation
cephalosporinsa

* Most recent data as reported 2013 or published 2008-April 2013

o

°

[ °
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m National data not available (n=57) K551 Publication, <30 isolates tested or incomplete information (n=2)
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- Report to GASP/GISP/GRASP network (n=37) |:| No information obtained for this report (n=56)

National data refers to requested data returned as described in the methods. The definition does not imply that the data collected are representative for
that country as a whole because information gaps are likely. (For details on data see Tables A2.31-A2.36, Annex 2).
a. ceftriaxone, cefixim.

Data obtained from Member States reporting data via the GASP/GISP/GRASP network, or via the questionnaire,
are summarized by WHO region in Table 11. (See Table A2.49-A2.54, Annex 2 for details).

Table 11 Neisseria gonorrhoeae: decreased susceptibility to third-generation cephalosporinsa

Overall reported range of proportion with

Data sources based on at least 30 tested isolates e

African Region
— National data and/or GASP data (n=2 countries) 0-12
- Publications (n=5) from 5 additional countries 0

Region of the Americas
- National data and/or GASP/ GISP data (n=4 countries) 0-31
— Publications from remaining countries (n=0)

Eastern Mediterranean Region

— National data and/or GASP data (n=2 countries) 0-12
- Publications (n=1) from 1 additional country 0
European Region

— National data and/or EURO-GASP/GRASP data (n=17) 0-36
— Publications (n=3) from 3 additional countries 0

South-East Asia Region
- National data and/or GASP data (n=5 countries) 0-5
— Publications from remaining countries (n=0)

Western Pacific Region
— National data and/or GASP data (n=12 countries) 0-31
— Publications from remaining countries (n=0)

EURO, European; GASP, Gonococcal Antimicrobial Surveillance Programme; GISP, Gonococcal Isolate Surveillance Project; Gonococcal Resistance to
Antimicrobials Surveillance Programme (GRASP) network.
a. Based on antibacterial susceptibility testing with ceftriaxone or cefixime.
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In countries where quality assured gonococcal antimicrobial susceptibility surveillance is taking place, there are
rising trends in decreased susceptibility and resistance in N. gonorrhoeae to cefixime and ceftriaxone. There are
36 countries that report decreased susceptibility to third-generation cephalosporins (27-24) (Figure 13).

Figure 13 Detection of decreased susceptibility to third-generation cephalosporins in
Neisseria gonorrhoeae? (20-23) and treatment failure (24-34) up to 2010

% oo
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0 875 1750 3,500 Kilometers.

* Note: cefixime >0.25ug/L or ceftriaxone >0.125ug/L. The definition of decreased susceptibility to third-generation cephalosporins differs across AMR
testing methods. Countries are shaded where there has been any report of decreased susceptibility within their jurisdiction.

Public health implications

Emerging resistance has created important barriers
for the treatment and control of gonorrhoea, in both
resource-constrained and higher income countries.
Because of widespread resistance, older and
cheaper antibacterial drugs are no longer of use in
treatment regimens.

Treatment failures with a third-generation
cephalosporin (cefixime) were first reported in Japan
in 2007 (25), and during subsequent years verified
treatment failures have also been reported in Australia,
Canada, France, Norway, South Africa and the United
Kingdom of Great Britain and Northern Ireland (UK) (26,
27,31, 32, 34, 35). Furthermore, reports of treatment
failure of pharyngeal gonorrhoea with ceftriaxone have
been verified in Australia (29), Japan, Slovenia and
Sweden (28, 30, 33, 36).

Most of the reports on treatment failure with third-
generation cephalosporins are from developed
countries, but most gonococcal disease occurs in less
well-resourced countries and settings. Accordingly,
the reports of treatment failures are under-
reported because surveillance data on antibacterial
susceptibility, and particularly treatment failures,
from resource-constrained settings are scarce.

It is anticipated to be only a matter of time before
gonococci with full resistance to the third-generation
extended spectrum cephalosporins emerge and spread
internationally. Consequently, gonorrhoea may become

untreatable unless new drugs become available. This is
of global concern because there will be a major impact
ondisease control efforts due to increased prevalence
of serious complications, and separate gonococcal
entities such as neonatal infections and disseminated
gonococcalinfections will become much more common,
as in the era before antibacterial treatment was
available. In addition, untreated gonococcal infection
is associated with an increased risk of acquisition and
transmission of HIV infection.

Based on the 2008 global estimates of incident
gonococcal infections, the estimate for global disability-
adjusted life years (DALYs) generated by gonorrhoea
is approximately 440 000. AMR in gonorrhoea will
further increase this burden and cost for society, due to
prolonged infections and greater numbers of patients
with complications such as infertility, with potentially
serious developmentalimplications. Financial costs for
health services and individual patients will certainly
increase due to the higher cost of treating resistant
gonorrhoea (37).

To facilitate effective actions against the spread
of multidrug-resistant N. gonorrhoeae, in 2012
WHO launched the Global Action Plan to Control the
Spread and Impact of Antimicrobial Resistance in
Neisseria gonorrhoeae (20). This action plan has to be
implemented in the context of enhanced surveillance
of sexually transmitted infection to facilitate early
detection of emerging resistant strains, combined with a
public health response to prevent and treat gonococcal

&



ANTIMICROBIAL RESISTANCE Global Report on surveillance 2014

infections and mitigate the impact of cephalosporin- outpacing the development of alternative treatment,
resistant N. gonorrhoeae on sexual and reproductive and will influence disease burden with potential
health morbidity. developmental impact.

* ABR surveillance is often lacking in countries
with high disease rates. Thus, there is widespread
- Data were obtained from only 42 of 194 (22%) of absence of reliable resistance data for gonorrhoea
the Member States. where most needed, and consequently there is
inadequate knowledge of the extent of the spread
of resistant gonococci.

Key messages

« The emergence of resistance to the last-resort
drugs, the third-generation cephalosporins, is fast
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