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Abstract Antibiotic resistance is one of the most urgent threats to public health. The development of antibiotic resistance can be reduced by
the use of narrow-spectrum antibiotics that target specific bacteria, meaning that fewer non-harmful bacteria are killed and other harmful
bacteria are not exposed to selection pressure. However, many narrow-spectrum antibiotics were introduced decades ago and therefore lack
regulatory documentation in line with current standards. An additional problem for a reliable supply is that of market fragmentation, where
countries with similar resistance patterns and prescribing cultures (e.g. Norway and Sweden) prioritize different formulations and strengths.
For example, over half of Sweden's highest priority paediatric antibiotics are not marketed in Denmark or Norway in the same formulations
or dosages. Such market fragmentation, which can result in the annual demand of a country being smaller than batch production sizes,
means that specific strengths and formulations may no longer be economical to supply. Further, once an antibiotic has been withdrawn
from the market, it is difficult to attract a new supplier because of the cost of the clinical trials required to update approval of the drug.
However, as resistance to antibiotics increases among populations, clinicians need access to the maximum possible range of antibiotics.
Regional collaboration, that is, the harmonization of essential medicines lists (including strengths and formulations for older antibiotics)
between countries, is a recommended first step towards reliable access to the necessary range of antibiotics.
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Introduction

Antibiotic resistance is one of the most urgent threats to
public health. The development of antibiotic resistance can
be reduced by the use of narrow-spectrum antibiotics that
target specific bacteria, meaning that fewer non-harmful
bacteria are killed and other harmful bacteria are not exposed
to selection pressure. As resistance to antibiotics increases
among populations, clinicians need access to the maximum
possible range of antibiotics; however, this range of access is
not always available, exacerbated by the fact that some older
antibiotics, like flucloxacillin, are no longer being marketed
in many countries.'

Clinicians in the Scandinavian countries Denmark,
Norway and Sweden, prescribe the highest ratio of narrow-
spectrum to broad-spectrum antibiotics in Europe.” However,
many narrow-spectrum antibiotics were introduced decades
ago, pre-dating the formation of the European Medicines
Agency. Regulatory approval for these antibiotics was obtained
nationally, often many decades ago, meaning that in many
cases well-performed randomized clinical trials using current
dosing regimens are lacking.

The World Health Organization (WHO) classifies anti-
biotics as either access, watch or reserve.” Access antibiotics
are defined as those that “have activity against a wide range
of commonly encountered susceptible pathogens while also
showing lower resistance potential than antibiotics in the
other groups.” Launched in the 1940s, both benzylpenicillin
and phenoxymethylpenicillin are still classified as essential
access antibiotics by WHO. Despite their longevity, these
narrow-spectrum penicillins are still effective for common

infections. For example, pharyngitis is often caused by group
A streptococci that are susceptible to phenoxymethylpenicil-
lin.*” However, European consumption of narrow-spectrum
penicillins is decreasing as many countries move to broader-
spectrum alternatives such as amoxicillin and amoxicillin/
clavulanic acid,® which may be necessary for other indications.

Although certain older antibiotics are still being marketed
in some countries,’ their levels of consumption may not sup-
port a continuous and reliable market because of product
fragmentation. When the market was larger for these antibi-
otics, suppliers were able to provide multiple formulations,
strengths and package sizes. As health-care systems shifted
to newer antibiotics, often broader in spectrum, these slight
variations remained, making already small markets smaller
and economically tenuous. In this paper we examine the
fragmentation of the antibiotic market in Scandinavia and the
resulting availability, particularly paediatric formulations. We
describe how the harmonization of medicines, allowing phar-
maceutical companies to consolidate production to standard
strengths and formulations, can facilitate improved availability.

The Scandinavian situation

The three most commonly consumed antibiotic treatments
in Norway in 2022 were phenoxymethylpenicillin, pivmecil-
linam and dicloxacillin, all of which are narrow-spectrum,
older penicillins.”* Antibiotic surveillance reports in Den-
mark and Sweden do not provide consumption per substance,
but report that these narrow-spectrum penicillins were the
most frequently prescribed antibiotic group in 2023.%° De-
spite this homogeneity, these three countries (total popula-
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tion only around 22 million)'* use and
prioritize slightly different antibiotics.
Public health experts in both
Norway and Sweden have separately
established prioritized lists of criti-
cal antibiotics (including combina-
tion therapies). In 2017, the Swedish
government initiated an assessment
of the antibiotics that are considered
critical for public health and at risk of
supply failure (based on low annual
sales)."" The resulting list (updated in
2021) categorizes antibiotics into three
groups. Category A includes those
considered very valuable, for which
there would be considerable clinical
consequences if unavailable; category
B includes those considered valuable
to have access in Sweden; and category
C includes those for which relatively
equivalent alternatives are available."”
In contrast, the Norwegian gov-
ernment became concerned about
potential medicine supply failures
during the coronavirus disease 2019
(COVID-19) pandemic and acted to
create a 6-month stockpile of critical
medicines, including antibiotics."
Both the Norwegian and Swedish
lists specify critical antibiotics at the
substance, formulation and strength
levels, and both contain nationally
withdrawn products. The two lists
are relatively similar at the active sub-
stance level. The Swedish government
classifies 26 substances in the A cate-
gory, and the Norwegian government’s
stockpile of critical medicines includes
30 substances. A total of 22 substances
are included in both lists, that is, 84.6%
of the Swedish list and 73.3% of the
Norwegian list. However, the Swed-
ish list includes only those medically
important antibiotics that are at risk
of supply failure based on low annual
sales; the Norwegian stockpile includes
the antibiotics benzylpenicillin, me-
ropenem and bedaquiline, which are
not considered to be at risk of supply
failure by the Swedish government."
This fragmentation is also appar-
ent in the formulation and strength
levels of drugs included in the priority
lists. The two lists have only 13 match-
ing antibiotic products, that is, those
for which pharmaceutical companies
could supply a product of identical
formulation and strength. However,
six of these 13 (three tuberculosis
medicines, gentamicin, and oral sus-
pension erythromycin and phenoxy-
methylpenicillin) are included because
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the Norwegian government does not
stipulate strength.

Phenoxymethylpenicillin
market

The most consumed antibiotic in Scan-
dinavia, phenoxymethylpenicillin, has
a fragmented market across the whole
region. For example, 250 mgand 500 mg
tablets are included in the Swedish list
of priority medicines, but as of October
2024, the Norwegian list includes the
650 mg or 660 mg strengths. Indeed,
the multisectoral collaboration platform
Platinea found that Denmark, Finland,
Iceland, Norway and Sweden favoured
10 different strengths of tablet formu-
lations in 2023, requiring a total of 41
different package sizes.'* Clinicians in
Denmark and Norway have tradition-
ally prescribed tablets with strengths
of 165 mg, 330 mg, 660 mg and 1 g,
whereas Swedish physicians prescribe
250 mg, 500 mg, 800 mgand 1 g.

European consumption of phenoxy-
methylpenicillin is declining, compris-
ing only around one tenth of all Europe-
an community penicillin consumption
in 2017; much of this consumption is
in the small Scandinavian markets,® in
which regulators have held unit prices
at low levels. It is therefore unsurpris-
ing that pharmaceutical companies are
withdrawing certain products from
these markets. Clinicians in Denmark
and Norway have recently lost access
to the droplets and 165 mg tablets (for
treatment of children and infants) and
the 330 mg tablets. Neither country has
gained access to the scored 250 mg tab-
let (i.e. facilitating dosages of 125 mg),
meaning that there is no paediatric
tablet available in Denmark or Norway.
Because phenoxymethylpenicillin has
a bitter taste, the lack of a paediatric
tablet where taste can be masked by
giving with food means that it is more
difficult to administer. Without access to
a paediatric tablet or the fruit-flavoured
Swedish oral suspension, children in
Denmark and Norway must drink the
bitter oral suspension.

The dosing regimens of these
older antibiotics may also differ be-
tween countries, thereby prohibiting the
production of an optimal package size.
For example, the antibiotic prescribing
guidelines for the standard treatment
of pneumonia in adults all recommend
phenoxymethylpenicillin as the first-
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line treatment, but with different dosing
regimens: 660 mg four times per day
for 5 days in Denmark;" 1 g four times
per day for 7 days in Norway;'°and 1 g
three times per day for 7 days in Swe-
den."” These diverging guidelines create
pressure on suppliers, requiring different
strengths, package sizes and package
leaflets. As a result, suppliers withdraw
unprofitable first-line antibiotics such
as phenoxymethylpenicillin 165 mg
tablets, leaving patients (especially
children) with fewer treatment options.

Paediatric formulations

European paediatrician societies issued
a position paper on medicine shortages
in 2023, emphasizing that “children are
a particularly vulnerable patient group
with very limited pharmaceutical treat-
ment options”, making them especially
vulnerable to “adverse outcomes caused
by shortages of essential medications”."*
This concern is exemplified in the Swed-
ish priority antibiotic list, as almost half
of the antibiotics (17/37) in category A
are paediatric formulations."

Since paediatric markets are gen-
erally smaller (in both sales volumes
and revenues) than those for adult
formulations, it is useful to understand
whether countries with similar anti-
biotic resistance patterns’ utilize the
same paediatric antibiotics. For this
reason, we expanded our examination
to include Finland and the Kingdom
of the Netherlands, two countries with
similar resistance patterns to Scandina-
via. We assessed the national market-
ing authorization status through each
country’s national medicines register
of the 17 Swedish category A paediatric
antibiotics in all five countries (Table 1).
All of these antibiotics pre-date the Eu-
ropean Medicines Agency, so none has
received central marketing approval. All
except two (ceftibuten and cefadroxil)
are included in the European Union
list of critical medicines, although this
list is only at substance (not strength)
level so there is no focus on paediatric
formulations."’

None of the 17 paediatric formula-
tions is marketed in all five countries.
Three formulations (cefadroxil and
both formulations of flucloxacillin) are
available only in Sweden. Two formula-
tions (ceftibuten and cefixime) are not
marketed in any of the five countries.
Clinicians in Denmark, Finland and
Norway each have access to seven of
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these 17 (41.2%), but not the same
seven products. Clinicians in the King-
dom of the Netherlands, with the larg-
est population of the five countries, has
access to only nine of the 17 (52.9%).

The high priority placed on the
availability of child-appropriate antibi-
otics by the Swedish health ministry is
demonstrable, but it may not be possi-
ble to maintain access to these priority
products without multinational collab-
oration. The Swedish market alone is
not large enough to maintain access to
any unique antibiotic, as demonstrated
by the market withdrawal of Category
A ceftibuten in Sweden in 2017.

Harmonization for reliable
supply

The ability to use narrow-spectrum
antibiotics in the Scandinavian coun-
tries is one tool that contributes to
keeping antibiotic resistance levels low
relative to the rest of the world.”"-*
However, as more countries around
the world adjust to the scarce supply
or withdrawal of these antibiotics, their
supply in Scandinavia becomes less
certain. The Scandinavian countries
have been pursuing separate paths
to secure access to these vulnerable
but essential antibiotics, particularly
narrow-spectrum penicillins. The Dan-
ish government emphasizes the use
of narrow-spectrum antibiotics in its
national action plan on antimicrobial
resistance.” The Swedish government
has commissioned assessments of how
to maintain predictable access, includ-
ing through Scandinavian collabora-
tion.”»* In contrast, the Norwegian
government has considered subsidiz-
ing local production, but concluded
that market-stimulating interventions
in collaboration with other countries
would be more effective and less
costly.”

Although there is an undisputed
need to improve the financial attrac-
tiveness of these markets (regulators
in Norway and Sweden have recently
increased unit prices), one of the first
steps towards a predictable supply
is the harmonization of local needs.
Scandinavian countries have similar
antibiotic resistance patterns and
prescribing cultures, highlighting that
the current fragmentation is not based
upon patient or public health needs; in-
stead, this fragmentation is a historical
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Table 1. Comparative availability of non-tubercular child formulations dassified by
Swedish Public Health Agency as a category A antibiotic, 31 August 2023

Antibiotic Spectrum No. of marketing authorization holders
Denmark  Finland Kingdom Norway  Sweden
of the
Netherlands
Amoxicillin, 50 mg/mL oral Broad 1 5 0 2
suspension
Amoxicillin, 100 mg/mL oral Broad 2 2 2 4
suspension
Amoxicillin/clavulanic acid, 50 mg/  Broad 1 2 0 1
mL + 13 mg/mL oral suspension
Azithromycin, 250 mg tablet Broad 4 8 0 6
Ceftibuten, 36 mg/mL oral Broad 0 0 0 0
suspension
Cefadroxil, 100 mg/mL oral Broad 0 0 0 2
suspension
Cefixime, 20 mg/mL oral Broad 0 0 0 0
suspension
Ciprofloxacin, 100 mg/mL oral Broad 0 3 0 4
suspension
Clindamycin, 15 mg/mL oral Narrow 1 1 1 1
suspension
Erythromycin, 100 mg/mL oral Broad 0 0 2 1
suspension
Flucloxacillin, 50 mg/mL oral Narrow 0 0 0 1
suspension
Flucloxacillin, 125 mg tablet Narrow 0 0 0 1
Metronidazole, 40 mg/mL oral Broad 0 1 1 1
suspension
Phenoxymethylpenicillin, 50 mg/ Narrow 1 0 1 3
mL oral suspension
Phenoxymethylpenicillin, 250 mg Narrow 0 3 0 1
tablet
Sulfamethoxazole/trimethoprim, Broad 0 1 1 2
40 mg/mL + 8 mg/mL oral
suspension
Trimethoprim, 10 mg/mL oral Broad 1 0 1 1

suspension

Note: antibiotics in category A are considered very valuable, for which there would be considerable clinical

consequences if unavailable.

artefact of locally developed guidelines,
idiosyncratic preferences and previous
regulations.

Apart from the uncertainty of sup-
ply, an added pressure is that once a
supplier withdraws an older antibiotic
from the market, it is difficult to attract
a new supplier. The documentation
that would have been the basis for
the original approval of the antibiotic
decades ago is outdated. For example,
in the health-care systems of Den-
mark and Norway, the indication of
benzylpenicillin is “infections caused
by benzylpenicillin-sensitive bacteria”
This indication would not be considered
valid by today’s standards as it does not
specify a site or type of infection - for
example, community-acquired pneumo-
nia. However, updating documentation
in accordance with current standards is
prohibitively costly, requiring expensive
clinical trials; no supplier would pursue
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these clinical trials as investments would
never be recouped with the current
low-margin, low-volume products and
generic competition.

Required regional
collaboration

Relaunching formulations of older,
narrow-spectrum antibiotics in coun-
tries where they are no longer avail-
able, for example, paediatric tablets of
phenoxymethylpenicillin in Norway,
will require at least regional collabo-
ration, as these markets will never be
large. Fortunately, collaborative efforts
began in 2024 with the initiation of
the second European Union joint ac-
tion on antimicrobial resistance and
health care-associated infections (EU-
JAMRAI-2), focused on improving
access to the antibiotics identified by
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participating countries as critical and
with a vulnerable supply. In this way,
like-minded countries can join efforts
to improve the availability of paediatric
narrow-spectrum penicillins and other
discontinued antibiotics.
Harmonization of medicines
is the clear first step. If the health
experts of Denmark, Norway, Swe-
den and other interested countries
can agree on standard formulations,
strengths and package sizes, suppli-
ers could match demand with batch
production sizes. Harmonization is
already occurring, but not by choice;
as products are withdrawn from the
market, clinicians have no alternative
but to prescribe the strengths and

formulations that are available. This
enforced harmonization means that
dosing deviates not only from pre-
scribing guidelines but also package
leaflets. A much better process would
be for national stakeholders to agree
on the specific products (substance,
formulation and strength) they want
available based upon a market analysis
of existing products, work together
to encourage companies to market
these products nationally, and update
the national guidelines based upon
available antibiotics. Expecting that
national health systems will collabo-
rate on common antibiotic prescribing
guidelines might be unrealistic, but
collaboration on harmonized supply
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is already occurring through EU-
JAMRALI-2. The health experts of all
five countries in Table 1 (as well as
those in Belgium, Bulgaria, France,
Iceland and Slovenia) have identified
phenoxymethylpenicillin as a focus
product, beginning the process of
harmonization.””
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Résumé

Fragmentation des marchés au Danemark, en Norvége et en Suéde pour les antibiotiques plus anciens et les formulations pour

enfants

La résistance aux antibiotiques est I'une des menaces les plus urgentes
pour la santé publique. Il est possible de contrer le renforcement de la
résistance aux antibiotiques par le recours a des antibiotiques a spectre
étroit qui ciblent des bactéries spécifiques. Ainsi, un moins grand
nombre de bactéries non nocives sont tuées et d'autres bactéries nocives
ne sont pas exposées a la pression de sélection naturelle. Cependant, de
nombreux antibiotiques a spectre étroit ont été introduits il y a plusieurs
décennies et ne disposent donc pas d'une documentation réglementaire
conforme aux normes actuelles. La fragmentation du marché constitue
un probleme supplémentaire pour la fiabilité de I'approvisionnement,
car les pays présentant des schémas de résistance et des cultures de
prescription similaires (comme la Norvége et la Suéde) accordent la
priorité a des formulations et a des concentrations différentes. Par
exemple, plus de la moitié des antibiotiques pédiatriques prioritaires en
Suede ne sont pas commercialisés au Danemark ou en Norvege dans

les mémes formulations ou dosages. Cette fragmentation du marché,
qui peut avoir pour conséquence que la demande annuelle d'un pays
est inférieure aux volumes de production par lots, implique que la
fourniture de dosages et de formulations spécifiques peut ne plus étre
rentable. En outre, une fois qu'un antibiotique a été retiré du marché, il
est difficile d'attirer un nouveau fournisseur en raison du co(it des essais
cliniques nécessaires pour actualiser I'approbation du médicament.
Cependant, dans la mesure ou la résistance aux antibiotiques croit au
sein des populations, les cliniciens doivent avoir acces a la gamme la
plus large possible d'antibiotiques. Une collaboration régionale entre les
pays, Cest-a-dire I'harmonisation des listes de médicaments essentiels
(y compris les dosages et les formulations d'antibiotiques plus anciens),
constitue une premiére étape recommandée vers un acces fiable a la
gamme nécessaire d'antibiotiques.

Pesiome

(parmeHTVpOBaHHbIE PbIHKM CTapblX aHTUOMOTUKOB 1 NeKapCcTBEHHbIX popm ana geten, faHus,

Hopserus, lLiBeyna

YCTOMUYMBOCTb K AENCTBMIO aHTUOUOTUKOB — OfHAa M3 CamblX
Cepbe3HbIX Yrpo3 418 COCTOAHWA 340POBbA HaceneHna. Pa3sutue
YCTONUMBOCTY K AENCTBMIO aHTUOMOTUKOB MOXET OblTb CHUMKEHO
3a CYEeT MCMOMb30BaHWA aHTMOMOTMKOB Y3KOro CrekTpa AencTBIA,
KOTOpble HampasfieHbl Ha KOHKpeTHble BakTepuu. B 3Tom ciyuae
nornbaet MeHbllee KOMUYeCTBO nonesHbix OakTepuii, a apyrue
BpeaHble 6akTepun He NoaBepraloTca AasneHuo otbopa. OgHako
MHOTVE aHTUBNOTHKM Y3KOro CreKTpa AeNCTBIA Oblnn pa3paboTaHbl
HECKONbKO AecATUNEeTUN Ha3zad M MO3TOMY He pacnonaratT
HOPMATMBHOW [OKYMEHTaLMeN, COOTBETCTBYIOLLEN COBPEMEHHbIM
cTaHOapTam. [lononHuTenbHOW npobnemon, NpenaTcTByoLlei
HaJeXHbIM MOCTaBKaM, ABNAETCA GparMeHTauns pbiHKa, Koraa
CTPaHbl CO CXOXeN Pe3nCTEHTHOCTBIO U KyNIbTYPOM HazHaveHuaA
nekapcTs (Hanpumep, Hopeerua v LLseuna) otaatoT npeanodteHne
pa3HbiM Npenapatam 1 1x go3vposkam. Hanpumep, bonee
MONOBUHbI Havbonee NPUOPUTETHBIX aHTUOUOTVKOB ANA NeYeHNs

neten B lBeunn He npopatotca B Hanuu mnv Hopeernmn B Tex
e NnekapcTBeHHbIX Gopmax 1 A03MPOBKax. Takaa GpparmeHTaums
PbIHKa, B pe3ynbTaTe KOTOPOW rOAOBON CMPOC B CTpaHe MoXeT
6bITb MeHbLe obbema CepUMHOro NPOM3BOACTBA, O3HAYaeT, UTo
KOHKPETHble A03U1POBKM W leKapCTBEHHbIE GOPMbI MOTYT OKa3aTbCA
HepeHTabenbHbIMM 418 NOCTaBKW. Kpome Toro, nocne u3batus
AHTMOWOTMKA C pbiHKa TPYAHO NMPUBIEYb HOBOMO MOCTaBLUMKA 13-3a
CTOVMMOCTW MPOBEAEHWA KIMHNYECKMX UCTbITaHNIA, HEOBXOAMMbIX
AnA NOBTOPHOro ofobpeHus npenapata. OgHako nNo mepe
pPOCTa PE3UCTEHTHOCTM K aHTUOMOTUKAM Cpefu HaceneHus
Bpayam Heobxoaum JOCTYN K MakCUMManbHO BO3MOXHOMY
Habopy aHTMOMOTUKOB. [1epBbIM LIAroM Ha MyTW K HageKHOMY
JOCTYny K HEOOXOAMMOMY acCOPTUMEHTY aHTUOMOTUKOB ABAAETCA
pervoHanbHoe COTPYAHNYECTBO, TO eCTb rapMOHM3aLMA NepeyHel
OCHOBHbIX IEKAPCTBEHHbIX CPEACTB (BKSOYaA AO3UMPOBKM U
neKapcTBeHHble GOPMbI CTapbIX aHTUOMOTUKOB) MEXY CTPaHaMM.

Resumen

Mercados fragmentados para antibidticos mas antiguos y formulaciones pediatricas en Dinamarca, Noruega y Suecia

La resistencia a los antibidticos es una de las amenazas mas urgentes
para la salud publica. El desarrollo de la resistencia a los antibioticos
puede reducirse mediante el uso de antibidticos de espectro reducido
que se dirigen a bacterias especfficas, lo que significa que se matan
menos bacterias no dafiinas y otras bacterias dafiinas no estan
expuestas a la presion de seleccion. Sin embargo, muchos antibiéticos
de espectro reducido se introdujeron hace décadas y, por lo tanto, no
disponen de documentacién reglamentaria acorde con los estdndares
actuales. Otro problema para un suministro fiable es la fragmentacion
del mercado, donde paises con patrones de resistencia y culturas
de prescripcién similares (por ej,, Noruega y Suecia) dan prioridad a
diferentes formulaciones y concentraciones. En el caso de Suecia, por
ejemplo, mas de la mitad de los antibiéticos pediatricos de mayor
prioridad no se comercializan en Dinamarca ni en Noruega en las

mismas formulaciones o dosis. Esta fragmentacion del mercado, que
puede dar lugar a que la demanda anual de un pafs sea inferior a los
tamafos de produccién de los lotes, significa que puede dejar de ser
rentable suministrar concentraciones y formulaciones especificas. Por
otra parte, una vez que un antibiético ha sido retirado del mercado,
es dificil atraer a un nuevo proveedor debido al coste de los ensayos
clinicos necesarios para actualizar la aprobacién del medicamento.
Sin embargo, a medida que aumenta la resistencia a los antibiéticos
entre la poblacién, los médicos necesitan tener acceso a la mayor
variedad posible de antibidticos. La colaboracion regional, es decir, la
armonizacion de las listas de medicamentos esenciales (incluidas las
concentraciones y formulaciones de los antibidticos més antiguos) entre
los paises, es un primer paso recomendado hacia un acceso fiable a la
variedad necesaria de antibidticos.
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