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An antibiotic’s journey from marketing authorization to use, Norway
Christine Ardal? Hege Salvesen Blix,® Jens Plahte® & John-Arne Rattingen?

Abstract Here we describe in detail marketing authorization and reimbursement procedures for medicinal products in Norway, with particular
reference to nine novel antibiotics that received marketing authorization between 2005 and 2015. The description illustrates that, in places
like Norway, with effective antibiotic stewardship policies and an associated low prevalence of antibiotic-resistant bacterial infection, there
is little need for newer, more expensive antibiotics whose therapeutic superiority to existing compounds has not been demonstrated. Since
resistance begins to emerge as soon as an antibiotic is used, Norway's practice of leaving newer antibiotics on the shelf is consistent with
the goal of prolonging the effectiveness of newer antibiotics. An unintended consequence is that the country has signalled to the private
sector that there is little commercial value in novel antibiotics, which may nevertheless still be needed to treat rare or emerging infections.
Every country aims to improve infection control and to promote responsible antibiotic use. However, as progress is made, antibiotic-resistant
bacteria should become less common and, consequently, the need for, and the commercial value of, novel antibiotics will probably be
reduced. Nevertheless, antibiotic innovation continues to be essential. This dilemma will have to be resolved through the introduction of
alternative reward systems for antibiotic innovation. The DRIVE-AB (Driving re-investment in research and development and responsible
antibiotic use) research consortium in Europe has been tasked with identifying ways of meeting this challenge.

Abstracts in G5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Antibiotic-resistant bacteria that are harmful to humans
are becoming more prevalent globally and are considered
by many people to be one of the greatest threats facing our
society today."” Most worryingly, resistance to antibiotics of
last resort has emerged, leaving the medical community with
few or no tools to fight some pathogens.” Moreover, antibiotic
innovation by the private sector has dwindled to a low level
in the past decade and currently only about five of the largest
pharmaceutical companies are investing in antibiotic research
and development.*

The DRIVE-AB (Driving re-investment in research
and development and responsible antibiotic use) research
consortium is financed through the New Drugs for Bad
Bugs (ND4BB) programme by the European Union’s Inno-
vative Medicines Initiative in partnership with members of
the European Federation of Pharmaceutical Industries and
Associations.” The aim of the project is to develop, analyse
and recommend policies that will stimulate innovation in
antibiotic-related research and development while, at the
same time, ensuring that any incentives will promote both the
stewardship of antibiotics and equitable global access to them.

In this article, we examine the transition from market-
ing authorization to the use of novel antibiotics in one small
country, Norway, which has five million inhabitants and one
of the lowest per-capita utilization rates of antibiotics in the
world.®” Although the Norwegian case is not generalizable
to other countries, it provides a useful illustration of some
unique characteristics of antibiotics markets and the resulting
challenges faced by antibiotic innovators.

For this analysis, we focused on novel antibiotics that
received marketing authorization in Norway between 2005
and 2015. An antibiotic was regarded as novel if no antibiotic
with the same generic chemical name had previously received
Norwegian marketing authorization. Several new formulations
of older antibiotics, such as tobramycin, received marketing
authorization between 2005 and 2015, but they were not con-

sidered novel. Information on novel antibiotics was obtained
by searching the Norwegian Medicines Agency’s medicines
database,’ the registry called Norwegian Prescription Data-
base’ and the Norwegian drug wholesale statistics database'’
and by consulting Norwegian community'’ and hospital'?
antibiotic guidelines. To understand the processes involved in,
and the context of, marketing authorization and the utilization
of novel antibiotics, we interviewed representatives, includ-
ing doctors and pharmacists, of the Norwegian Medicines
Agency, the Norwegian Antibiotic Centre for Primary Care
and the Norwegian Competence Center for Antibiotic Use for
Specialist Health Services.

Marketing authorization and
reimbursement

Norway is a member of the European Economic Area and
participates in its common procedures for marketing autho-
rization of medicinal products, which are coordinated by the
European Medicines Agency (EMA). There are several ways of
obtaining marketing authorization for pharmaceuticals in the
European Economic Area. Typically, antibiotics are reviewed
under the EMA’s so-called central procedure: an application
for marketing authorization is sent to the EMA, which makes
a binding decision for all countries in the European Economic
Area based on the analyses of two national, regulatory agencies.
Approval is valid for five years, after which the product must
be reassessed. However, many older antibiotics received mar-
keting authorization before the EMA’ central procedure had
been established. As a result, there is some national variation
across Europe in antibiotics that have been approved.

The Norwegian Medicines Agency is responsible for
marketing authorization, pricing, reimbursement and other
medicine-related services in Norway. Marketing authoriza-
tion permits a medicinal product to be sold in community
or hospital pharmacies but does not necessarily mean that
its cost will be reimbursed by the Norwegian national health
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insurance scheme or that it will be used
or purchased by health-care institutions.
The national insurance scheme subsi-
dizes the cost of prescription medicines
prescribed through primary care to
ensure that all critical medicines are ac-
cessible for Norwegian patients. Partial
reimbursement of medication expenses
in cases of severe or prolonged illness
is included. Generally, the cost of anti-
biotics is not reimbursed because most
infections are short-lived. In 2014, ac-
cording to the Norwegian Prescription
Database, only 13% of antibiotic pre-
scriptions were reimbursed. However,
some infections, such as methicillin-
resistant Staphylococcus aureus (MRSA)
infection, are regarded as so contagious
and dangerous that the antibiotics used
to treat them are always reimbursed.

After a medicine has received mar-
keting authorization in Norway, the man-
ufacturer must apply separately to the
Norwegian Medicines Agency for preap-
proval for reimbursement (Fig. 1). Sub-
sequently, any primary care prescription
for the medicine will be automatically
eligible for reimbursement by the Norwe-
gian national health insurance scheme.
In its application for preapproval, the
manufacturer must include documen-
tation on the clinical effect of the drug,
details of pharmacoeconomic analyses
and price information. A health technol-
ogy assessment is then performed. To
be successful, the following four criteria
must be met: (i) the medicine must treat
a serious illness or reduce the risk of a
serious illness relevant to Norwegian
circumstances; (ii) the medicine must
either be along-term treatment or reduce
the risk of long-term treatment (here,
long-term is generally deemed 3 months
or more); (iii) the medicine must have
a well-documented, clinically relevant
effect; and (iv) the medicine must be
cost—effective according to appropriate
health economic analyses.

Failure to meet any one of these
criteria results in rejection of the appli-
cation for reimbursement. As a result, if
the medicine is prescribed by a commu-
nity-based physician, the patient must
bear the full cost out of pocket. However,
the physician has the opportunity to ap-
ply for a patient-specific exception and,
if approved, the medicine is covered by
the national insurance scheme.

In parallel with the health tech-
nology assessment, the Norwegian
Medicines Agency also determines a
maximum price for the medicine. The
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Fig. 1. Flowchart from marketing authorization to antibiotic use, Norway
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agency uses an international refer-
ence pricing system, under which the
manufacturer reports the price of the
medicine for each indication in nine
preselected countries: Austria, Belgium,
Denmark, Finland, Germany, Ireland,
the Netherlands, Sweden and the United
Kingdom of Great Britain and Northern
Ireland. The maximum price paid by the
Norwegian national insurance scheme
is the average of the three lowest prices
applicable in these reference countries.
Exchange rates are calculated using an
average for the previous 6 months. If
the application for reimbursement is
approved, the manufacturer is permit-
ted to sell its product in Norway at this
maximum price or less.

Norwegian hospitals have formed
a pooled procurement mechanism, by
which medicines are purchased through
national tenders. Having a maximum
price is useful for judging the savings
offered by these tenders and the mecha-
nism has secured lower total costs for
both generic and patented medicines.
For patented medicines, savings are typi-
cally made on products that can be easily
substituted. Nursing homes, which are
included in community services, may
competitively outsource the provision
of their medicines. In all instances, no
medicine may be sold in Norway at
greater than its maximum price.

National guidelines

Securing national insurance reimburse-
ment does not necessarily mean that a
medicine will be prescribed; that will
depend on its inclusion in national
guidelines and on physicians’ adherence
to those guidelines. Norway has two sets
of national guidelines for antibiotics
— one for hospitals and one for commu-
nity practice. Both are based on: (i) the
evidence available, which is evaluated
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using the Grading of Recommendations
Assessment, Development and Evalua-
tion (GRADE) approach, where possible,
to determine the quality of the evidence
and the strength of the recommenda-
tions;"® (ii) antibiotic utilization data;
(iii) epidemiological data; and (iv) na-
tional patterns of antibiotic resistance,
including cross-resistance. Every year,
the Norwegian Surveillance System for
Antibiotic Resistance in Microbes and
its veterinary counterpart report on
national patterns of antibiotic resistance
in humans and animals."* Price is not
taken into consideration in establishing
community antibiotic guidelines. How-
ever, antibiotics used in the community
tend to be older, generic drugs and are,
therefore, inexpensive.

Community antibiotic guidelines
are updated regularly by the Norwegian
Antibiotic Centre for Primary Care.
Although physicians are not legally
required to follow the guidelines, they
are expected to document their reasons
for any antibiotic prescribing that dif-
fers substantially from the guidelines.
Some deviation is acceptable and there
are regional differences in prescribing,
which suggests that the guidelines are
either not adhered to fully or interpreted
differently in different places." Sub-
stantial deviations in prescribing from
guideline recommendations can have
serious consequences: for example, one
community physician lost his medical
licence because of egregious deviations.
Norway is considering introducing a
peer-review system for monitoring the
antibiotic prescribing habits of com-
munity physicians in which physicians
would receive feedback on their pre-
scribing habits from other physicians.

Hospital antibiotic guidelines are
updated regularly by the National
Competence Center for Antibiotic Use
in Specialist Health Services. Although
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price is not taken into account during
guideline development, it may influ-
ence the physician’s decision, especially
when an antibiotic is substantially more
expensive but has not demonstrated
therapeutic superiority. Most new an-
tibiotics are approved on the basis of
clinical trials designed to establish non-
inferiority, which means that the new
antibiotic is not inferior to a comparable
existing antibiotic. It is difficult to dem-
onstrate the superiority of an antibiotic
because, in general, existing alternatives
remain highly effective while antibiotic
resistance is still quite uncommon. At
present, older antibiotics continue to
perform relatively well. In the absence
of evidence of superiority, other fac-
tors, such as cost, potential side-effects
and ease of administration, have a
dominant influence on clinical deci-
sions. The strategy of using patented,
better-targeted antibiotics (for example,
narrow-spectrum or pathogen-specific
antibiotics) to slow the development of
antibiotic resistance has, to date, not
been a consideration in Norwegian
hospital guidelines. The lack of certainty
that resistance will emerge is too great
to justify the high cost.

Use of novel antibiotics

Nine novel antibiotics received market-
ing authorization in Norway between
2005 and 2015 (Table 1). All were ap-
proved via the EM A’ central procedure,
except rifaximin, which was approved
nationally. These antibiotics are rarely
prescribed or used in Norway, although
usage of a few, particularly rifaximin,
was higher in 2015 than in 2014. Of
the nine, six were preapproved for
reimbursement from the national insur-
ance scheme. The manufacturers of the
remaining three (i.e. ceftolozane-tazo-
bactam, fidaxomicin and retapamulin)
have not applied to the Norwegian
Medicines Agency for reimbursement.
The cost of submitting an application
for reimbursement for a novel medicine
is 110 000 Norwegian kroner (approxi-
mately 12750 United States dollars,
US$) per indication. Because ceftolo-
zane—tazobactam and fidaxomicin are
primarily used in hospitals and because
hospital budgets cover their cost, there
is little reason for obtaining reimburse-
ment authorization for primary care.
Retapamulin is primarily prescribed in
primary care but would be unlikely to
meet the reimbursement criteria that it
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can be used to treat a serious illness or
provide long-term treatment.

Of the nine antibiotics, three are
considered narrow-spectrum antibiot-
ics (i.e. daptomycin, retapamulin and
tedizolid) and one is considered patho-
gen-specific (i.e. fidaxomicin against
Clostridium difficile). In general, using
a narrow-spectrum instead of a broad-
spectrum antibiotic should reduce the
likelihood of antibiotic-resistant bacte-
ria developing, given that bacteria out-
side the spectrum of organisms covered
would not be under selective pressure.
Here, the use of these four antibiotics is
examined in detail to give some insight
into Norwegian physicians’ decision-
making processes.

The pathogen-specific antibiotic fi-
daxomicin (maximum price in Norway:
US$ 1952 per package) is normally used
only in hospitals and nursing homes. In
the guidelines it is listed as an alterna-
tive to vancomycin (maximum price:
US$ 146 per package) for patients
with recurrent C. difficile infections.
Although vancomycin is a relatively
narrow-spectrum antibiotic, it acts on a
much broader range of organisms than
fidaxomicin: it will kill several Gram-
positive bacteria and, thereby, have an
effect on normal microflora. However,
given the price difference between the
drugs and the low level of resistance to
vancomycin (the level was assumed to be
similar to that in Sweden' since no Nor-
wegian data were available), vancomycin
was often prescribed in preference to
fidaxomicin. In 2014, 1378 cases of C.
difficile infection, including acute and
recurrent infections, were reported to
the Norwegian surveillance system for
infectious diseases'® and 49 packages of
fidaxomicin were sold.

Retapamulin (maximum price:
US$ 18 per package) is a narrow-spec-
trum antibiotic for the topical treatment
of bacterial skin infections. Interestingly,
it was the most frequently prescribed
of the nine novel antibiotics, although
its use was still small, 2107 packages in
2015. The relatively high use was prob-
ably due to its inclusion in community
guidelines as a topical treatment for
impetigo, which is most likely to occur
among preschool children. The alterna-
tive treatment is an antiseptic ointment
containing dibrompropamindin.

Daptomycin (maximum price:
US$ 178 per package) is listed in hos-
pital guidelines as a treatment option
for MRSA infections reported to the
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Norwegian Surveillance System for
Infectious Diseases, typically as an
alternative to vancomycin, as well as
for vancomycin-resistant enterococci.
In 2014, there were 833 cases of MRSA
infection and 110 cases of infection
with vancomycin-resistant enterococci.
Health-care institutions dispensed 482
packages of daptomycin. Consequently,
daptomycin probably has a substantial
share of the small markets for these two
indications.

Tedizolid (maximum price:
US$ 1778 per package) is a narrow-
spectrum antibiotic against acute, bac-
terial, skin and soft tissue infections by
Gram-positive bacteria. It received mar-
keting authorization in 2015, primarily
on the basis of clinical trials showing it
was noninferior to linezolid (maximum
price: US$ 707 per package).” By the
end of 2015, tedizolid had not been used
in Norway.

Responsible use and
innovation incentives

Human antibiotic use in Norway is
among the lowest in the world:” 15.1 de-
fined daily doses per 1000 inhabitants
per day in 2015." Yet the government,
in its national strategy against antibiotic
resistance for the period 2015 to 2020,"
adopted the goal that human antibiotic
use in 2020 should be 30% lower than in
2012. Through strong infection control
procedures and antibiotic stewardship
measures, Norway has been successful
in maintaining a low level of antibi-
otic resistance." Penicillin is still widely
used and accounts for almost half of all
antibiotics consumed - 41% of defined
daily doses in 2015.* As the prevalence
of antibiotic-resistant bacteria is low in
the country' and given that existing
antibiotics are still effective, there is little
need to prescribe newer, more expensive
drugs. Consequently, there is, so far,
little or no market demand for newer
antibiotics in Norway. Manufacturers
may, therefore, rationally decide not to
service the Norwegian market. Instead,
they may give up almost entirely and fo-
cus their efforts on larger markets, such
as those in the United States of America
and European countries with higher lev-
els of antibiotic resistance. For instance,
between 2005 and 2015, the period we
are considering in Norway, four addi-
tional novel antibiotics were approved
in the United States: telavancin in 2009,
dalbavancin and oritavancin in 2014 and
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ceftazidime-avibactam in 2015. None
of these four has yet received marketing
authorization in Norway. Two (dalba-
vancin and ceftazidime-avibactam) have
been approved by the EMA in 2015 and
2016, respectively. The manufactures
of the other two withdrew their EMA
applications.

Nevertheless, antibiotic resistance
is gradually becoming more common
in Norway for most pathogens and, as
a result, the pattern of antibiotic con-
sumption has altered.'* For example,
the use of narrow-spectrum penicillin
decreased by 12% between 2000 and
2015." In addition, antibiotic-resistant
bacteria can be imported from abroad.
Swedish studies found that people trav-
elling outside of northern Europe are
often colonized by antibiotic-resistant
bacteria.'””” As antibacterial therapy
must commence immediately after di-
agnosis, Norway must retain sufficient
stocks of last-resort antibiotics to treat
rare, multidrug-resistant infections.
These stocks are expected to remain
small. The result is that almost no rev-
enues go from the Norwegian market to
antibiotic innovators, which sends a sig-
nal to the private sector that there is little
commercial value in novel antibiotics, at
least in a market like Norway’s. However,
Norway will probably still need novel
antibiotics that can effectively treat rare,
multidrug-resistant infections.

With current reimbursement mod-
els, it is difficult to provide an attractive
return on investment in a country like
Norway, where responsible use has

diminished the size of the potential
market for novel antibiotics to a neg-
ligible level. Today, however, probably
only a handful of antibiotics markets
resemble Norway’s. Yet, every country
aspires to improve infection control
and to promote responsible antibiotic
use, thereby lowering the prevalence
of antibiotic resistance. The need for
novel, effective antibiotics will never
disappear and there is the danger that,
when a specific need arises in the future,
it may be too late to develop novel drugs
because medical innovation can be a
lengthy process.

The DRIVE-AB consortium has
been tasked with identifying ways of
meeting the challenge of antibiotic inno-
vation while at the same time promoting
responsible use and equitable access. The
proposed solutions are intended to re-
ward innovation rather than boost sales
and to increase both public and private
investment in antibacterial research and
development. The consortium’s final
recommendations will be announced
by October 2017.

Conclusion

The Norwegian marketing authorization
and reimbursement systems for medici-
nal products have been designed to en-
sure that Norwegians receive the medi-
cines they need at the lowest possible
price. Norwegian antibiotic guidelines
have been devised to promote evidence-
based prescribing in the context of the
local pattern of antibiotic resistance.

Christine Ardal et al.

The spread of resistance in Norway has
been slowed by strong stewardship poli-
cies and adherence to guidelines. This
has enabled the country to leave newer
antibiotics on the shelf to be used in an
emergency for rare or emerging infec-
tions. The unintended consequence is
that Norway has signalled to the private
sector that there is little commercial
value in novel antibiotics. The example
of Norway demonstrates the need for
alternative reward systems for antibiotic
innovation. l
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Résumé

Parcours d’un antibiotique, de son autorisation de mise sur le marché a son utilisation, en Norvege

Nous décrivons ici en détail les procédures d'autorisation de mise sur
le marché et de remboursement des médicaments en Norvége, en
particulier de neuf nouveaux antibiotiques qui ont recu une autorisation
de mise sur le marché entre 2005 et 2015. Cette description montre
que, dans les pays comme la Norvege qui ont adopté des politiques
d'utilisation raisonnée des antibiotiques et qui affichent ainsi une faible
prévalence d'infections bactériennes résistantes aux antibiotiques,
il n'est guére besoin de nouveaux antibiotiques plus colteux dont
la supériorité thérapeutique par rapport aux composés existants n'a
pas été démontrée. Ftant donné que la résistance apparait dés que
I'on commence a utiliser un nouvel antibiotique, la désaffection de
la Norvége pour les nouveaux antibiotiques concorde avec l'objectif
d'en prolonger l'efficacité. Conséquence inattendue, le pays a signalé
au secteur privé que ces nouveaux antibiotiques ne présentaient

qu'un faible intérét commercial mais quils pourraient cependant étre
nécessaires pour traiter des maladies infectieuses rares ou nouvelles.
Tous les pays souhaitent faire avancer la lutte contre les infections et
promouvoir I'utilisation responsable des antibiotiques. Cependant, a
mesure qu'ils progresseront, les bactéries résistantes aux antibiotiques
devraient devenir moins fréquentes et la nécessité ainsi que l'intérét
commercial de nouveaux antibiotiques devraient par conséquent sen
trouver réduits. Linnovation en matiére d'antibiotiques reste toutefois
essentielle. Ce dilemme devra étre résolu avec lintroduction de systémes
de récompenses alternatifs pour l'innovation dans le domaine des
antibiotiques. Le consortium de recherche européen DRIVE-AB (Driving
re-investment in research and development and responsible antibiotic use)
a été chargé de trouver des solutions pour relever ce défi.

Pesiome

MyTb aHTOGNOTUKOB OT NONYUYEHUA PErMCTPALMOHHOTO YAOCTOBEPEHUA A0 peanu3auun B Hopserum

30ecb Mbl MOAPOOHO OMKMChiBaemM Mpouenypbl nNofyyeHus
PErucTPaLMOHHOTO YAOCTOBEPEHNA 1 GMHAHCOBOrO BO3MELLEHNA
1A NeKapCTBEHHbIX CpeACTB B HopBernn Ha npumepe AeBATY
HOBbIX aHTVOWMOTMKOB, KOTOPblE MOMYUYMAN perncTpaunoHHoe
ypoctosepeHuve mexay 2005 1 2015 rr. OnvcaHune 4emMOHCTPUPYeET,
YTO B TaKWX MecTax, Kak Hopserns, ¢ adpdeKTBHOM CTpaTervei
PaLMOHANBHOIO NCMOb30BaHWA aHTMOAKTEPMAbHbBIX MpenapaTos
1 CO CBA3AHHOW C HEWM HM3KOW PacnpPOCTPAHEHHOCTBIO YCTOMYMBBIX
K aHTMOMOTUKAM OakTepuanbHbIX MHOEKUMUA NPaKTUYeCKu
HeT HeoOXOAMMOCTIN B HOBbIX, boMee JOPOrMX aHTUONOTHKAX,
TepaneBTUYECKOE MPEBOCXOACTBO KOTOPbLIX He 6bino
NPOAEMOHCTPUPOBAHO. [TOCKOMbKY YCTOMUYMBOCTb HauMHaeT
Pa3BMBATLCA CPa3y NP UCMOMb30BAHMN aHTUOMOTIKE, MPaKTUKa
HopBsernn otknagbiBaTb NPUMEHeHNe HOBbIX aHTUOUOTUKOB
cornacyeTca C uenbio npoaneHva 3GGeKTUBHOCTY HOBbIX
AHTMBMOTVKOB. HenpegHamepeHHbIM NOCeACTBMEM ABNAETCS TO,

UTO CTPaHa Aana MoHATb MasoMy GU3HeCY, YTO CyLLeCTBYeT Manan
KOMMepUecKas LUeHHOCTb B HOBBIX aHTUMOWOTIKAX, KOTOPbIe MOTyT
ObITb MO-NPEXHEMY HEOOXOAVMBI ANA NEYEHWA PEAKNX U HOBbIX
nMHdeKUMIA. Kaxaan cTpaHa CTpemMm1TCA yCoBepLIEHCTBOBATL GOpbOY
C VHOEKUMAMYM 1 CTUMYNIMPOBATL OTBETCTBEHHOE MPUMEHeHNe
aHTNOMOTUKOB. OfHAKO NPW AOCTVIXKEHWW OnpefeneHHoro
nporpecca ycTonumsble K aHTMOMOTVKaM GaKTepUM AOMKHbI
CTaTb MeHee PacnpOCTPaHEHHbIMU 1, Kak CNeACTBME, BO3MOXHO,
CHU3UTCA NOTPEOHOCTH B HOBBIX aHTUOMOTYIKAX 1 1X KOMMepYecKasn
LleHHOCTb. TemM He MeHee MHHOBALWM aHTVOMOTUKOB MPOAOIKAIOT
OCTaBaTbCA 3HAUMMBIMUL STa AUNeMMa JOmkHa ObiTb peLleHa 3a cueT
BHEPEHVIA aNbTePHATUBHbBIX CUCTEM BO3HAr PaXAEHWA 3a HHOBALMN
aHTVOVOTVIKOB. VlccnenoBatenbCckomy KoHcopLmymy B EBpone DRIVE-
AB («BBeaeHne penHBECTMPOBaHWA B HayyHble MCCNefoBaHNA 1
pa3paboTKY 1 OTBETCTBEHHOE UCMONb30BaHMe aHTVOVOTKOBY) Obina
noCTaBfeHa 3aaya onpeaenuTb NyTh pelleHns STo Npobnemb.

Resumen

El recorrido de un antibiotico desde la autorizacion de comercializacion a su uso en Noruega

En este documento se detallan los procedimientos de autorizacion
de comercializacion y compensacién para productos medicinales en
Noruega, con especial referencia a nueve antibioticos nuevos que
recibieron la autorizacién de comercializacion entre 2005 y 2015.
La descripcion ilustra que, en lugares como Noruega, que cuentan
con politicas eficaces de administracién de antibidticos y una

prevalencia baja relacionada de infecciones bacterianas resistentes a
los antibiticos, hay poca necesidad de antibiéticos nuevos mas caros
cuya superioridad terapéutica respecto a los componentes existentes
no ha sido demostrada. Dado que la resistencia comienza a surgir tan
pronto como se utiliza un antibiotico, la practica de Noruega de dejar
nuevos antibioticos de lado es coherente con el objetivo de prolongar
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la eficacia de los nuevos antibidticos. Una consecuencia inesperada es
que el pafs ha explicado al sector privado que los antibidticos nuevos
apenas tienen valor comercial, los cuales, sin embargo, pueden ser
necesarios para tratar infecciones raras o nuevas. Todos los paises tratan
de mejorar su control de infecciones y fomentar un uso responsable de
los antibidticos. No obstante, conforme se va progresando, las bacterias
resistentes a los antibidticos deberfan ser cada vez menos comunes
y, por tanto, es probable que la necesidad y el valor comercial de los

Christine Ardal et al.

antibiéticos nuevos se vean reducidos. Sin embargo, la innovacion en
el campo de los antibidticos sigue siendo fundamental. Este dilema
deberd resolverse mediante la introduccién de sistemas de recompensa
alternativos por innovar con antibiéticos. El consorcio de investigacion
europeo DRIVE-AB, que fomenta la reinversién en investigacion y
desarrolloy en el uso responsable de los antibiéticos, deberd identificar
formas de lograr este objetivo.

References

1. Gelband H, Miller-Petrie M, Pant S, Gandra S, Levinson J, Barter D, et al.
The state of the world's antibiotics, 2015. Washington: Center for Disease
Dynamics, Economics and Policy; 2015. Available from: http://www.cddep.
org/publications/state_worlds_antibiotics_2015#sthash.9waPmXeO.dpbs
[cited 2016 Dec 13].

2. Walsh F. Antibiotics resistance ‘as big a risk as terrorism’'— medical
chief. London: BBC; 2013. Available from: http://www.bbc.co.uk/news/
health-21737844 [cited 2016 Dec 9].

3. LiuYY,WangY,Walsh TR, Yi LX, Zhang R, Spencer J, et al. Emergence of
plasmid-mediated colistin resistance mechanism MCR-1 in animals and
human beings in China: a microbiological and molecular biological study.
Lancet Infect Dis. 2016 Feb;16(2):161-8. doi: http://dx.doi.org/10.1016/
S1473-3099(15)00424-7 PMID: 26603172

4. Harbarth S, Theuretzbacher U, Hackett J; DRIVE-AB consortium. Antibiotic
research and development: business as usual? J Antimicrob Chemother.
2015,70(6):1604-7. PMID: 25673635

5. ND4BB. New drugs for bad bugs. Brussels: Innovative Medicines Initiative;
2014. Available from: http://www.imi.europa.eu/content/nd4bb [cited 2014
Jul10].

6. Goossens H, Ferech M, Vander Stichele R, Elseviers M; ESAC Project Group.
Outpatient antibiotic use in Europe and association with resistance: a
cross-national database study. Lancet. 2005 Feb 12-18;365(9459):579-87.
doi: http://dx.doi.org/10.1016/50140-6736(05)70799-6 PMID: 15708101

7. Surveillance of antimicrobial consumption in Europe 2012. Stockholm:
European Centre for Disease Prevention and Control; 2014. Available
from: http://ecdc.europa.eu/en/publications/Publications/antimicrobial-
consumption-europe-esac-net-2012.pdf [cited 2016 Dec 13].

8. Legemiddelsgk [online database]. Oslo: Norwegian Medicines Agency;
2015. Available from: https://www.legemiddelsok.no/ [cited 2015 Jan 12].
Norwegian.

9. Norwegian prescription database [online database]. Oslo: Norwegian
Institute of Public Health; 2015. Available from: http://www.norpd.no/
[cited 2015 Jan 12].

10. Drug consumption in Norway 2011-2015. Oslo: Norwegian Institute of
Public Health; 2016. Available from: http://www.legemiddelforbruk.no/
english/ [cited 2015 Dec 16].

11. Antibiotikabruk i primaerhelsetjenesten. Oslo: Norwegian Directorate of
Health; 2015. Available from: http://www.helsebiblioteket.no/retningslinjer/
antibiotika/ [cited 2015 Jan 12]. Norwegian.

12. Nasjonal faglig retningslinje for bruk av antibiotika i sykehus. Oslo:
Helsedirektoratet; 2015. Available from: https://helsedirektoratet.no/
retningslinjer/antibiotika-i-sykehus [cited 2015 Jan 12]. Norwegian.

13. GRADE approach to evaluating the quality of evidence: a pathway
[Internet]. London: Cochrane Training; 2016. Available from: http://training.
cochrane.org/path/grade-approach-evaluating-quality-evidence-pathway
[cited 2016 Dec 26].

14. Usage of antimicrobial agents and occurrence of antimicrobial resistance
in Norway. 2013. Oslo and Tromsa: Norwegian Veterinary Institute and
University Hospital of North Norway; 2015.

15. Clostridium difficile drsrapport 2013. Solna: Folkhdlsomyndigheten; 2013.
Available from: https://www.folkhalsomyndigheten.se/publicerat-material/
publikationsarkiv/c/Clostridium-difficile-arsrapport-2013/ [cited 2016 Dec
13]. Swedish.

16. Norwegian surveillance system for communicable diseases (MSIS) [online
database]. Oslo: Norwegian Institute of Public Health; 2015. Available from:
www.msis.no/ [cited 2015 Dec 3].

17. More information for Sivextro (tedizolid). Silver Spring: United States Food
and Drug Administration; 2014. Available from: http://www.fda.gov/Drugs/
InformationOnDrugs/ucm423917.htm [cited 2015 Dec 3].

18. National strategy against antibiotic resistance 2015-2020. Oslo: Ministry of
Health and Care Services; 2015. Available from: https://www.regjeringen.
no/en/dokumenter/national-strategy-against-antibiotic-resistance/
id2424598/ [cited 2016 Dec 13].

19. Ostholm-Balkhed A, Tamberg M, Nilsson M, Nilsson LE, Hanberger H,
Hallgren A; Travel Study Group of Southeast Sweden. Travel-associated
faecal colonization with ESBL-producing Enterobacteriaceae: incidence and
risk factors. J Antimicrob Chemother. 2013 Sep;68(9):2144-53. doi: http://
dx.doi.org/10.1093/jac/dkt167 PMID: 23674762

20. TangdénT, Cars O, Melhus A, Lowdin E. Foreign travel is a major risk factor
for colonization with Escherichia coli producing CTX-M-type extended-
spectrum B-lactamases: a prospective study with Swedish volunteers.
Antimicrob Agents Chemother. 2010 Sep;54(9):3564-8. doi: http://dx.doi.
0rg/10.1128/AAC.00220-10 PMID: 20547788

226 Bull World Health Organ 2017;95:220-226 doi: http://dx.doi.org/10.2471/BLT.16.172874


http://www.cddep.org/publications/state_worlds_antibiotics_2015#sthash.9waPmXeO.dpbs
http://www.cddep.org/publications/state_worlds_antibiotics_2015#sthash.9waPmXeO.dpbs
http://www.bbc.co.uk/news/health-21737844
http://www.bbc.co.uk/news/health-21737844
http://dx.doi.org/10.1016/S1473-3099(15)00424-7
http://dx.doi.org/10.1016/S1473-3099(15)00424-7
http://www.ncbi.nlm.nih.gov/pubmed/26603172
http://www.ncbi.nlm.nih.gov/pubmed/25673635
http://www.imi.europa.eu/content/nd4bb
http://dx.doi.org/10.1016/S0140-6736(05)70799-6
http://www.ncbi.nlm.nih.gov/pubmed/15708101
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-consumption-europe-esac-net-2012.pdf
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-consumption-europe-esac-net-2012.pdf
https://www.legemiddelsok.no/
http://www.norpd.no/
http://www.legemiddelforbruk.no/english/
http://www.legemiddelforbruk.no/english/
http://www.helsebiblioteket.no/retningslinjer/antibiotika/
http://www.helsebiblioteket.no/retningslinjer/antibiotika/
https://helsedirektoratet.no/retningslinjer/antibiotika-i-sykehus
https://helsedirektoratet.no/retningslinjer/antibiotika-i-sykehus
http://training.cochrane.org/path/grade-approach-evaluating-quality-evidence-pathway
http://training.cochrane.org/path/grade-approach-evaluating-quality-evidence-pathway
https://www.folkhalsomyndigheten.se/publicerat-material/publikationsarkiv/c/Clostridium-difficile-arsrapport-2013/
https://www.folkhalsomyndigheten.se/publicerat-material/publikationsarkiv/c/Clostridium-difficile-arsrapport-2013/
http://www.msis.no/
http://www.fda.gov/Drugs/InformationOnDrugs/ucm423917.htm
http://www.fda.gov/Drugs/InformationOnDrugs/ucm423917.htm
https://www.regjeringen.no/en/dokumenter/national-strategy-against-antibiotic-resistance/id2424598/
https://www.regjeringen.no/en/dokumenter/national-strategy-against-antibiotic-resistance/id2424598/
https://www.regjeringen.no/en/dokumenter/national-strategy-against-antibiotic-resistance/id2424598/
http://dx.doi.org/10.1093/jac/dkt167
http://dx.doi.org/10.1093/jac/dkt167
http://www.ncbi.nlm.nih.gov/pubmed/23674762
http://dx.doi.org/10.1128/AAC.00220-10
http://dx.doi.org/10.1128/AAC.00220-10
http://www.ncbi.nlm.nih.gov/pubmed/20547788

	Figure 1
	Table 1

