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Global sales of oral antibiotics formulated for children
Grace Li? Charlotte Jackson,? Julia Bielicki,? Sally Ellis,® Yingfen Hsia® & Mike Sharland?

Objective To investigate international consumption patterns of child-appropriate oral formulations of antibiotics by formulation type, with
a focus on dispersible tablets, using data from a global sales database.

Method Antibiotic sales data for 2015 covering 74 countries and regional country groups were obtained from the MIDAS® pharmaceutical
sales database, which includes samples of pharmacy wholesalers and retailers. The focus was on sales of child-appropriate oral formulations
of Access antibiotics in the 2017 World Health Organization's WHO Model list of essential medicines for children. Sales volumes are expressed
using a standard unit (i.e. one tablet, capsule, ampoule or vial or 5 mL of liquid). Sales were analysed by antibiotic, WHO region and antibiotic
formulation.

Findings Globally, 17.7 billion standard units of child-appropriate oral antibiotic formulations were sold in 2015, representing 24% of total
antibiotic sales of 74.4 billion units (both oral and parenteral) in the database. The top five child-appropriate Access antibiotics by sales
volume were amoxicillin, amoxicillin with clavulanic acid, trimethoprim—sulfamethoxazole, cefalexin and ampicillin. The proportion of the top
five sold for use as a syrup varied between 42% and 99%. Dispersible tablets represented only 22% of all child-appropriate oral formulation
sales and made up only 15% of sales of 10 selected Access antibiotics on the model list for children.

Conclusion Globally most child-appropriate oral antibiotics were not sold as dispersible tablets in 2015, as recommended by WHO. There
is a clear need for novel solid forms of antibiotics suitable for use in children.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

The principle aim of the sustainable development goal 3 is
to improve equity of access to health care, which includes
ending preventable deaths in neonates and children younger
than 5 years (or achieving a reduction to at most 25 deaths per
1000 live births) by 2030." More than half of deaths in children
younger than 5 years are estimated to be due to infectious
disease, with pneumonia being the leading cause.” In addition,
the authors of the World Health Organization’s WHO Model list
of essential medicines for children,’ which was first published
in 2007, state that reliable access to key medicines is vital for
ensuring basic health-care needs are met.

Recently WHO announced its first specific target for
combating antimicrobial resistance:* Sixty percent of all anti-
biotics consumed in individual countries should come from
the Access group of antibiotics (i.e. first- or second-choice
empirical treatments for selected syndromes).> The classifica-
tion of antibiotics into Access, Watch and Reserve categories
(the AWaRe classification) was introduced by WHO in 2017 to
combat antimicrobial resistance. In children, the main Access
antibiotic is amoxicillin because WHO guidelines currently
recommend oral amoxicillin as first-line therapy for suspected
lower respiratory tract infection in those younger than 5 years.®
Although differentiating viral and bacterial respiratory tract
infections in children remains complex, a substantial propor-
tion of cases of bacterial childhood pneumonia worldwide are
still not treated promptly with antibiotics. In addition, access
to drugs on the model list for children remains limited in
low- and middle-income countries.”

To explore current patterns of antibiotic use in children,
we investigated sales of child-appropriate antibiotic formula-
tions. We defined a child-appropriate formulation as an oral

formulation specifically designed for easy use in children
that was either: (i) an oral liquid formulation; or (ii) an oral
solid formulation that is dispersed in water or becomes liquid
upon swallowing. Adult tablets were not included, as it has
been shown that crushing (i.e. compounding) tablets to give
to children can result in underdosing.® Consumption of oral
formulations was chosen as a proxy for child antibiotic use for
several reasons. First, caregivers’ compliance with administer-
ing prolonged courses of oral antibiotics has been shown to
correlate with the availability of liquid formulations.” Second,
data from studies of the palatability of different formulations
of paediatric antiretroviral therapy indicate that most drugs
consumed by children younger than 5 years are in a non-solid
form.'”!" Third, the number of prescriptions for antibiotics
dispensed in aliquid formulation has been shown to correlate
with the number of children in a population.'

Amoxicillin, for example, is available in several child-
appropriate formulations, including granules, dispersible tablets
and oral suspensions or syrups. Amoxicillin dispersible tablets
have many advantages over oral suspensions and syrups: (i) they
cost less; (ii) their volume is smaller because the weight per unit
dose is lower, which means that less storage space is required in
the supply chain; (iii) dosing is simpler; and (iv) refrigeration is
unnecessary.”> Moreover, amoxicillin in dispersible tablet form
was identified as one of 13 overlooked life-saving commodities
by the United Nations Commission on Life-Saving Commodi-
ties in Women and Children.'* The commission promotes access
to these commodities, which can prevent premature death in
women and children, by encouraging innovations in product
design and increased production. Over the past 5 years, the
United Nations Children's Fund (UNICEF) has supported the
large-scale procurement of amoxicillin dispersible tablets and
the supply has increased more than 10-fold."
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In 2018, WHO published the first
method for a global antibiotic consump-
tion surveillance programme,” which
acknowledged that estimating paediatric
antibiotic consumption was difficult be-
cause standardized daily defined dosages
are not available for children. Currently
there are no published estimates of the
total annual volume of antibiotics sold
for paediatric use that can be used to
derive the proportion sold as dispers-
ible tablets and that can provide some
estimate of the potential unmet need.
Further, no published data exist on the
consumption of dispersible tablets of
antibiotics on the WHO Model list of
essential medicines for children or on
how consumption patterns of paediatric
antibiotic formulations vary between
WHO regions.'® The demand and supply
of child-appropriate formulations are af-
fected by many factors; for example, the
supply of trimethoprim-sulfamethoxa-
zole is subsidized by the Global Fund to
Fight AIDS, Tuberculosis and Malaria in
some regions."”

Data from the MIDAS" database
(IQVIA, Durham, United States of
America) on global pharmaceutical sales
have previously been used to provide a
broad overview of international trends
in antibiotic sales and, by proxy, anti-
biotic consumption.'®*-** The aim of our
study was to investigate global consump-
tion patterns of child-appropriate oral
formulations of antibiotics by formula-
tion type, with a focus on dispersible
tablets. We used formulation-specific
sales data from the MIDAS" database
as a proxy for paediatric antibiotic con-
sumption and combined consumption
data with demographic data from the
United Nations to derive consumption
per child."*?"*

Methods

We obtained antibiotic sales data for
2015 from the MIDAS' pharmaceutical
sales database, which includes informa-
tion on sales from samples of pharmacy
wholesalers and retailers in participat-
ing countries. The data included sales
volumes (in standard units) through
specific channels to pharmacies, drug
outlets and hospitals, with the relative
contributions of different channels to to-
tal sales varying between countries. No
information on dosing or clinical indica-
tions was available to us. Data collected
from Europe and North America were
biased heavily towards procurement for
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Box 1.Selected oral Access antibiotics, study of global consumption of child-appropriate

antibiotic formulations, 2015

Beta-lactam antibiotics:

Amoxicillin; Ampicillin; Cefalexin; Cloxacillin; and Penicillin

Other antibiotics:

Chloramphenicol; Clindamycin; Doxycycline; Metronidazole; and Trimethoprim—sulfamethoxazole

Note: All Access antibiotics (i.e. first- or second-choice empirical treatments for selected syndromes) listed
were all included in the World Health Organization's WHO Model list of essential medicines for children.’

public health-care systems, whereas data
for other regions largely originated from
the private sector. Although analyses
show that market coverage can vary
from 20 to 100% in contributing coun-
tries,'** the MIDAS' database provides
one of the most comprehensive insights
into global pharmaceutical sales patterns
and has made a substantial contribution
to the pharmacoepidemiology literature.
Furthermore, data validation and qual-
ity assurance are carried out annually
by IQVIA >

Pharmaceutical sales data are re-
ported in standard units, where a
standard unit is equivalent to a single
dose by volume (not by quantity of
active ingredient): it can be one tab-
let, capsule, ampoule or vial or 5 mL
of liquid.”' For example, a standard
course of amoxicillin administered as
one 5-mL teaspoon or one dispersible
tablet given twice daily for 5 days would
total 10 standard units. However, we
were unable to determine from the sales
data whether child-appropriate syrup
formulations were actually consumed
by children as they may also have been
used by elderly people or by other adults
unable to swallow solid formulations.
Our primary data analysis included sales
data on oral and parenteral antibiotics
sold in 93 different formulations across
74 countries and regional country
groups. A secondary analysis focused
on antibiotics on the 2017 WHO Model
list of essential medicines for children. The
database did not include information on
nitrofurantoin.

We identified 22 child-appropriate
oral antibiotic formulations covered by
the MIDAS' database for inclusion in
our study by independently selecting
new form codes (available from the data
repository).** Formulation data held in
the database are classified using new
form codes, which were introduced by
the European Pharmaceutical Market
Research Association in 1986, in parallel
with the Anatomical Therapeutic Chem-
ical classification system.” Countries
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included in the database were grouped
by WHO region: (i) two countries and
one regional group in the African Re-
gion; (ii) 13 countries and one regional
group in the Region of the Americas;
(iii) six countries in the South-East
Asia Region; (iv) 33 countries in the
European Region; (v) nine countries
in the Eastern Mediterranean Region;
and (vi) 10 countries in the Western
Pacific Region. In the African Region, 10
countries were grouped as Francophone
West Africa (i.e. Benin, Burkina Faso,
Cameroon, Cote d'Ivoire, Democratic
Republic of the Congo, Gabon, Guinea,
Mali, Senegal and Togo) and, in the
Region of the Americas, six countries
were grouped as Central America (i.e.
Costa Rica, El Salvador, Honduras,
Guatemala, Nicaragua and Panama).
The top five child-appropriate antibiotic
formulations by sales volume in each
WHO region were identified and the
proportion of these top five formulations
sold as dispersible tablets was calculated
for each region.

Of the 22 child-appropriate oral
antibiotic formulations identified, 10
were Access antibiotics that were listed
as a first- or second-line choice for treat-
ing clinical indications in the model list
for children (Box 1).'* We analysed their
sales in detail. Several of these formula-
tions require preparation before use,
such as the addition of water; their new
form code either starts with the letter D
or E or is AAH or AAK.” We also used
these codes to determine the proportion
of each antibiotic that was sold in the
form of a dispersible tablet, solid tablet,
liquid or granule or in another form.

We obtained estimates of the total
population of each country from the
MIDAS' data set and estimates of the
population of children younger than
5 years from the United Nations Popu-
lation Division data for 2015.” Using
these figures, we were able to calculate
the number of standard units of each
child-appropriate formulation sold per
child younger than 5 years in each coun-
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Fig. 1. Sales of child-appropriate oral antibiotics and the proportion sold as dispersible

tablets, by WHO region, 2015
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Notes: Sales of 22 child-appropriate antibiotic formulations recorded on the MIDAS™ database were
included. A standard unit is equivalent to a single dose by volume: it can be one tablet, capsule, ampoule

or vial or 5 mL of liquid.

try. These were regarded as minimum
consumption estimates because other
important sources of antibiotics, for ex-
ample donors, were not included in the
MIDAS' data set. All statistical analyses
were carried out using RStudio v. 1.0.143
(RStudio, Boston, USA).

Results

In 2015, 17.7 billion standard units of
the 22 selected child-appropriate oral
antibiotic formulations were sold in
countries contributing to the MIDAS’
data set out of a total of 74.4 billion stan-
dard units of all antibiotic formulations
(i.e. oral and parenteral). Hence, child-
appropriate oral formulations accounted
for 24% (17.8 billion/74.4 billion) of
global antibiotic sales. Dispersible tablet
sales accounted for 22% (4.0 billion/17.8
billion) of all child-appropriate oral
formulation sales, whereas 77% (13.6
billion/17.8 billion) were in granule,
powder or another form. The remainder
were tablets that could be chewed or
disperse in the mouth.

Fig. 1 shows the total volume of
sales of the 22 selected child-appropriate
oral antibiotic formulations in the six
WHO regions and the percentage of
those sales accounted for by dispers-
ible tablets. The total sales volume was
highest in the South-East Asia Region
and the proportion of sales attributable
to dispersible tablets was highest in the
South-East Asia and Western Pacific
Regions (34%; 1.7 billion/5.0 billion;
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and 44%; 1.6 billion/3.6 billion, respec-
tively). The uptake of dispersible tablets
was notably lower in the Region of the
Americas and the Eastern Mediter-
ranean Region: the proportion of sales
attributable to dispersible tablets was 1%
(13.0 million/2.5 billion) and 3% (7.3
million /2.7 billion) in these regions,
respectively. Details of the five most
commonly used child-appropriate anti-
biotic formulations in each WHO region
are available from the data repository.**
In particular, cefixime was widely used
in the Western Pacific and South-East
Asian Regions.

Fig. 2 shows the sales of the 22 se-
lected child-appropriate oral antibiotic
formulations in individual countries in
2015 and the percentage of those sales
attributable to dispersible tablets. The
highest sales of dispersible tablets were
in China and India. Fig. 3 shows the
sales per child in individual countries
and the proportion of sales per child
attributable to dispersible tablets. The
median sales per child was 43 standard
units (interquartile range: 26-59). The
proportion of sales per child attributable
to dispersible tablets varied widely be-
tween countries: the highest proportions
were found in Algeria, Belgium, France,
Greece and the Netherlands.

Table 1 shows that approximately
10.1 billion standard units of child-
appropriate oral formulations of the 10
Access antibiotics on the 2017 WHO
Model list of essential medicines for chil-
dren were sold globally in 2015, which
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accounted for 56% (10.1 billion/17.8
billion) of all child-appropriate oral an-
tibiotics formations sold. The majority
were taken in liquid form, mostly con-
sumed as a syrup: 67% (6.8 billion/10.1
billion) were sold as a powder and
required the addition of water to make
them ready for consumption, whereas
15% (1.5 billion/10.1 billion) were sold
as a ready-made syrup. Tablets that had
to be dispersed in water accounted for
only 16% (1.6 billion/10.1 billion) of
sales. Overall, 78% (7.8 billion/10.1
billion) of sales of child-appropriate
formulations of the 10 Access antibiot-
ics were accounted for by amoxicillin
and amoxicillin with clavulanic acid,
generally for consumption as a liq-
uid. Trimethoprim-sulfamethoxazole,
chloramphenicol and metronidazole
were predominantly sold as ready-made
syrups. In contrast, the non-p-lactams
doxycycline and clindamycin were com-
monly sold as dispersible tablets.

Discussion

Our analysis shows that less than a quar-
ter of child-appropriate oral antibiotic
formulation sales in 2015 globally were
in the form of dispersible tablets. More-
over, two thirds were still sold as liquid
formulations, which indicates that, by
2015, liquids and powders requiring
reconstitution had not fully replaced
dispersible tablets, as recommended by
WHO.® Over three quarters of sales of
the 10 child-appropriate formulations
of Access antibiotics we investigated
were of amoxicillin or amoxicillin with
clavulanic acid.

The wide variation we found in the
per-child consumption of child-appro-
priate antibiotic formulations (Fig. 3)
may be the result of several factors. In
particular, further research is needed to
explore whether this variation reflects
the appropriate clinical use of antibiotics
(appropriateness could not be deter-
mined from MIDAS’ data), the need
for greater access to child-appropriate
formulations or other system factors.

International comparisons of pae-
diatric antibiotic consumption face
considerable challenges. Defining the
appropriate sampling frame or the
system level at which any measurement
of consumption can be considered rep-
resentative of a country can be difficult.
Many previous analyses of primary
care or outpatients have assessed pre-
scriptions rather than consumption,”**’
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which reflects the difficulty of mea-
suring consumption. Nevertheless, a
recent analysis of WHO data collected
using service provision assessments and
service availability and readiness assess-
ments confirms that the paediatric use
of antibiotics in primary care is high for
all clinical infections.”

For comparison, the MAL-ED study
examined the number of courses of an-
tibiotics used in the community in 2134
children younger than 2 years in eight
countries: one site each in Bangladesh,
Brazil, India, Nepal, Pakistan, Peru,
South Africa and the United Republic
of Tanzania.”” Bangladesh and Pakistan
had the highest overall antibiotic con-
sumption per child (i.e. over 10 courses
per year), whereas Brazil and South
Africa had the lowest, with a 10-fold dif-
ference. In our study, we also found that
of these eight countries, Pakistan had the
highest annual consumption per child
of child-appropriate antibiotic formu-
lations (Fig. 2). However, Bangladesh,
Brazil and South Africa had very similar
levels of consumption. The difference
between the two studies was possibly

due to differences in data collection and
study population: (i) the MAL-ED study
conducted active surveillance of antibi-
otic use, whereas the MIDAS' database
recorded sales; and (ii) the MAL-ED
study used defined study sites and age
groups, whereas the MIDAS' database
had a varying level of national coverage
and used formulation-specific sales data
as a proxy for consumption in children.

Our study aimed to provide a broad
overview of the absolute volume of oral
antibiotics sold in child-appropriate
formulations across countries. However,
the volumes reported here should be
regarded as minimum estimates because
the MIDAS' database does not cap-
ture data from some important global
organizations. For example, UNICEF
procured 193 million amoxicillin dis-
persible tablets in 2015, a substantial
increase from 14 million in 2011. A
complete analysis of the global market
for oral antibiotics for children would
need to include direct procurement
by the public sector, donations from
global organizations and sales in the
informal sector. Our analysis should
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be considered as providing a baseline
for paediatric antibiotic sales before
implementation of the revised 2017
WHO Model list of essential medicines
for children, in which the AWaRe clas-
sification was introduced.’ Previously
we investigated time trends in the use
of child-appropriate antibiotic formu-
lations;*' although we found a slight
change over time, no major fluctuations
in global use from year to year were
identified.

There is no clear evidence in the
literature indicating, which antibiotic
formulation is easiest to administer to
children, most acceptable to children
and families, and results in the best
clinical outcomes.” The key advantages
of dispersible tablets are programmatic:
(i) they require less space on transpor-
tation; (ii) they can be stored for pro-
longed periods; and (iii) their dosing is
simpler than for liquid formulations or
powders, which require doses to be mea-
sured before reconstitution. However,
dispersible tablets have some disadvan-
tages, such as palatability. In addition,
they require a clean water source (a typi-

Fig. 2. Sales of child-appropriate oral antibiotics and the proportion sold as dispersible tablets, by country or regional country group,
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Notes: Sales of 22 child-appropriate antibiotic formulations recorded on the MIDAS™ database were included. A standard unit is equivalent to a single dose
by volume: it can be one tablet, capsule, ampoule or vial or 5 mL of liquid. Francophone West Africa included Benin, Burkina Faso, Cameroon, Céte d'lvoire,
Democratic Republic of the Congo, Gabon, Guinea, Mali, Senegal and Togo and Central America included Costa Rica, El Salvador, Honduras, Guatemala, Nicaragua
and Panama.
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Fig. 3. Sales of child-appropriate oral antibiotics per child younger than 5 years and the proportion sold as dispersible tablets, by

country or regional country group, 2015
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Notes: Sales of 22 child-appropriate antibiotic formulations recorded on the MIDAS™ database were included. A standard unit is equivalent to a single dose
by volume: it can be one tablet, capsule, ampoule or vial or 5 mL of liquid. Francophone West Africa included Benin, Burkina Faso, Cameroon, Cote d'lvoire,
Democratic Republic of the Congo, Gabon, Guinea, Mali, Senegal and Togo and Central America included Costa Rica, El Salvador, Honduras, Guatemala, Nicaragua

and Panama.

Table 1. Global sales of oral Access antibiotics® in child-appropriate formulations, by formulation, 2015

Antibiotic Sales volume,” no. of standard units¢ in millions (%)

Total Tablet Dispersible tablet  Granuleor ~ Ready-made syrup  Syrup (sold in dry

powder form)

Amoxicillin 4.256.0 (100) 55.6(1) 918.1 (22) 718 (2) 2999 (7) 2910.6 (68)
Amoxicillin with 3550.2 (100) 31.0(1) 318.8(9) 0.0(0) 85.7 (2) 3114.8 (87)
clavulanic acid
Trimethoprim— 875.3 (100) 0.0 (0) 06(<1) 57(<1) 860.8 (98) 82 (1)
sulfamethoxazole
Cefalexin 650.7 (100) <0.1(<0.1) 64.9 (10) 25(<1) 120.0 (18) 463.1 (71)
Ampicillin 251.9 (100) 0.0 (0) 145.6 (58) 0.0(0) 154 (6) 90.2 (36)
Clindamycin 190.5 (100) 0.0 (0) 114.9 (60) <01(<1) 08(<1) 74.8 (39)
Penicillin V 189.1 (100) 0.0 (0) 03(<1) 0.0(0) 48.2 (26) 140.5 (74)
Chloramphenicol 100.3 (100) 0.0 (0) 0.7(<1) 0.0(0) 99.6 (99) <01(<1)
Doxycycline 58.0(100) <0.1(<1) 54.8 (95) 0.0 (0) 23(4) 0.7 (1)
Cloxacillin 21.6 (100) 0.0 (0) 0.0 (0) 0.0 (0) 23(11) 19.3 (89)
Metronidazole 1.2 (100) 0.0 (0) 0.0 (0) 0.0 (0) 1.2 (100) <0.1(0)
Total 10145.0 (100) 86.6 (< 1) 1619.0 (16) 80.0(<1) 1536.3 (15) 6823.0 (67)

@ All Access antibiotics listed are first- or second-choice empirical treatments for selected syndromes and are included in the World Health Organization's WHO Model

list of essential medicines for children.’
® Reported in the MIDAS’ database.
¢ Astandard unit is equivalent to a single dose by volume: it can be one tablet, capsule, ampoule or vial or 5 mL of liquid.
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cal tablet needs 5 to 10 mL of water for
dispersion) and caregivers must spend
time waiting for the tablet to dissolve. In
addition, an estimated 25% of the global
disease burden in children younger than
5 years is attributable to unsafe water,
poor sanitation or inadequate hygiene,”
which are being assessed by UN-Water
and WHO as part of the sustainable
development goal programme.’? Nev-
ertheless, recent evidence suggests that
minitablets are tolerated by children
as young as 2 months of age.’® Future
research could focus on the development
of oral-dispersible tablets or other forms
of antibiotics that do not require water
for administration, such as drugs that
can be delivered through the transmu-
cosal route.” Such developments could
be facilitated by recent WHO initiatives,
such as the Global Accelerator for Pae-
diatric Formulations,* which is working
in collaboration with the WHO Depart-
ment of Essential Medicines and Health
Products and other key stakeholders, in-
cluding the Global Antibiotic Research
and Development Partnership.

We acknowledge that the main limi-
tation of our study is its reliance on sales
data from varying sources. However,
the MIDAS' database provides detailed
information on wholesale pharmacy
sales of paediatric antibiotics in many
countries and we know of no other
database that can be used to compare
the sales of child-appropriate antibiotic
formulations internationally. Another
limitation is that the MIDAS' database
has a varying level of coverage of the
public sector and of different supply
channels, depending on region and the
local health-care delivery structure. As
paediatric medicines may be prioritized
by publicly-funded health-care systems,
it is difficult to predict, which supply
channels will provide the most accurate
data on child-appropriate formulation
sales. In addition, data on sales, particu-
larly of dispersible tablets, in individual
WHO regions may be dominated by a
few large countries, such as China, India
or the United States (Fig. 2).

In conclusion, our study used the
largest available pharmaceutical sales
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data set to provide a baseline for the
consumption of child-appropriate oral
antibiotic formulations globally in 2015.
We found that most of child-appropriate
formulations sold globally in 2015 were
not in a dispersible tablet form. Future
efforts should focus on developing im-
proved solid forms of antibiotics suitable
for use in children and encouraging
their widespread use.” ll
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Résumé

Ventes mondiales d'antibiotiques a usage oral destinés aux enfants

Objectif Ftudier la consommation internationale d'antibiotiques a
usage oral destinés aux enfants en fonction du type de formulation, en
mettant I'accent sur les comprimés dispersibles. Et ce, en utilisant les
données issues d'une base de données mondiale relative aux ventes.
Méthodes Les informations sur la vente d'antibiotiques en 2015
dans 74 pays et groupes régionaux de pays proviennent de la base de
données de ventes pharmaceutiques MIDAS', quiinclut des échantillons
de grossistes et détaillants de produits pharmaceutiques. La priorité
était accordée aux antibiotiques a usage oral destinés aux enfants
dont l'accessibilité est essentielle (Access), conformément a I'édition
2017 de la Liste modéle des médicaments essentiels destinés a lenfant
de I'Organisation mondiale de la Santé (OMS). Les volumes de vente
sont exprimés selon une unité de mesure standard (c'est-a-dire un
comprimé, une capsule, une ampoule ou flacon, ou 5 ml de liquide).
Les ventes ont été analysées pour chaque antibiotique, région OMS et
formulation d'antibiotique.

Résultats A I'échelle mondiale, 17,7 milliards d'unités standard
d'antibiotiques a usage oral destinés aux enfants ont été écoulées en
2015, ce qui équivaut a 24% du volume total de vente d'antibiotiques
(74,4 milliards d'unités, tant par voie orale que parentérale) que
contient la base de données. Les cing principaux antibiotiques Access
administrés aux enfants étaient I'amoxicilline, I'amoxicilline + acide
clavulanique, le sulfaméthoxazole + triméthoprime, la céfalexine et
I'ampicilline. Le pourcentage de vente pour ces cing antibiotiques,
commercialisés sous forme de sirop, était compris entre 42% et 99%. Les
comprimés dispersibles ne représentaient que 22% de I'ensemble des
formulations a usage pédiatrique, et seulement 15% des ventes pour
les 10 antibiotiques Access sélectionnés dans la liste modele.
Conclusion La plupart des antibiotiques administrés par voie orale aux
enfants n'étaient pas vendus sous forme de comprimés dispersibles en
2015 dans le monde, contrairement aux recommandations de I'OMS.
Il 'est donc nécessaire de développer de nouvelles formes solides
d'antibiotiques, adaptées a un usage pédiatrique.

Pestome

Mpoaaxun nepopanbHbIX AETCKUX JIEKAPCTBEHHBIX GOPM aHTMOUOTUKOB B MUpe

Lenb ccneposaHue rnobanbHbiX Mofenen notpebneHns
nepopasnbHbIX JETCKUX NeKapCTBEHHbIX GOPM aHTMOMOTUKOB C
yneneHviem ocoboro BHUMaHMA AvcneprpyemsiM Tabnetkam C
MOMOLLbIO cBefieHNI 13 rnobanbHOM 6a3bl JaHHBIX O NPOAAXKaX.
MeTopbl [laHHble O npofaxax aHTMOVOTVKOB B 74 CTpaHax M1pa
1 PEervioHanbHbIX rpynnax cTpaH 3a 2015 rog Obin nonyyeHsl 13
6a3bl JaHHbIX Npofax dapmaleBTryeckor npodykuny MIDAS',
cofepxallei JaHHble MO ONTOBLIM M PO3HWUUHbBIM anTeKaM.
OCHOBHOE BHVMaHWeE yaenanoch NpoaaXkam NepopanbHbIX AETCKMX
NEeKAPCTBEHHbBIX GOPM aHTUOUOTUKOB M3 FPYMMbl MacCOBOM
LOCTYNHOCTK (cornacHo llpumepHomy nepedHio BcemmnpHom
opraHv3aumn 3apaBooxpaHenua (BO3) ocHosHbIX iekapcmeeHHbIx
cpedcma o1g demedi Ha 2017 rop). Obbembl NPoaax Oblin BblpakeHbl
B CTaHAAPTHbIX eAnHMLax (To ecTb ofiHa TabneTka, kancyna, amnyna
1 GNakoH MO 5 MA XKNAKOCTN). AHaNM3 MPOAAK OCYLLECTBAANCA
no aHTMbUOTNKaMm, pernoHy BO3 v nekapcTeeHHbIM GopmMam.
Pesynbtathl B 2015 rogy 8 mupe 6bino npogaHo 17,7 mapg
CTaHAAPTHbIX efuHUL NepopanbHbIX NekapcTBEHHbIX GOpM
aHTUOMOTNKOB, NMPUEMEMbIX ANA AeTel, UTo cocTaBnaeT 24% ot

obuiero obbema NPofaK aHTMONOTUKOB (74,4 MNP eAVHNLL Kak
nepopanbHbiX, Tak ¥ MapeHTepanbHbIX NeKapCcTBeHHbIX GopMm),
3apervcTpUpPOBaHHOrO B 6ase AaHHbIX. B nATepKy nigepos no obbemam
NPOAAXK AETCKMX aHTUOMOTUKOB 13 FPYMMbl MACCOBOW JOCTYMHOCTM
BOLLM aMOKCULIMANMH, aMOKCULMANNH + KNaBynaHOBaA KUCMOTa,
TPUMETONPUM/CynbdaMeToKCa3on, LepanekCnH v aManUUIIVH.
[lonAa npoaa NATV NMAEPOB B BMAE CMPOMa BapbrpoBanach oT 42 0
99%. Ancneprupyemble TabneTky COCTaBAANM N1LLb 22% OT 06LLEro
obbema Npoaak NepopanbHbIX AETCKMX TeKapCTBEHHbIX GOpm 1
Bcero 15% ot obujero obbema npoaa 10 BbIOPaHHbBIX aHTUONOTUKOB
113 rPYNMbl MaCCOBOW AOCTYMHOCTY [pUMEPHOro nepeyHs OCHOBHbIX
NeKapCTBEHHbIX CPEACTB ANs AeTell.

BbiBog B 2015 rogy Bo BCem Mmpe GOMbLUMHCTBO Nprememblx
ANA AeTei nepopanbHbIX eKapcTBEHHBIX GOPM aHTUONOTHUKOB He
npoAaBanvch B opme Avcrnepripyembix TabneTok, Kak 31o 6ui1o
pekoMeHoBaHo BO3. CyLiecTByeT ABHaA HEOOXOAMMOCTb B BbINyCKe
HOBbIX TBEPAbIX leKapCTBEHHbBIX HOPM aHTUOUOTMKOB, MOAXOAALLMX
ONA NPYMEHeHNA Y fAeTell.

Resumen

Ventas mundiales de los antibidticos de uso oral para niios
Objetivo Investigar los patrones de consumo internacional de las
formulaciones pedidtricas orales apropiadas de los antibi6ticos segun
el tipo de formulacién, con énfasis en los comprimidos dispersables
y mediante el uso de la informacién de una base de datos de ventas
mundiales.

Métodos Los datos sobre las ventas de antibidticos correspondientes a
2015, que abarcan 74 paises y grupos regionales de pafses, se obtuvieron
de la base de datos sobre las ventas de los productos farmacéuticos
MIDAS', que incluye muestras de mayoristas y de minoristas de
farmacias. El enfoque se centré en la venta de las formulaciones
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pedidtricas orales apropiadas de los antibiéticos del Grupo de acceso
(Access) de la Lista modelo de medicamentos pedidtricos esenciales de
2017 de la Organizacion Mundial de la Salud (OMS). Las cantidades
que se venden se expresan en una unidad estandar (es decir, un
comprimido, una capsula, una ampolla, un vial o 5 ml de liquido). Las
ventas se analizaron por antibiético, regién de la OMS y formulaciéon
del antibidtico.

Resultados A nivel mundial, se vendieron 17 700 millones de unidades
estandar de formulaciones pediatricas apropiadas de antibidticos orales
en 2015, lo que representa el 24 % de las ventas totales de antibiéticos
de 74 400 millones de unidades (tanto por via oral como parenteral)
en la base de datos. Los cinco antibidticos principales del Grupo de
acceso apropiados para nifos segun la cantidad que se vendié fueron

Research
Global consumption of paediatric antibiotics

la amoxicilina, la amoxicilina con é&cido clavulanico, la trimetoprima-
sulfametoxazol, la cefalexina y la ampicilina. El porcentaje de los cinco
antibidticos més vendidos para su uso como jarabe varié entre el 42 %
y el 99 %. Los comprimidos dispersables representaron solo el 22 % de
todas las formulaciones pedidtricas orales apropiadas que se vendieron y
representaron solo el 15 % de las ventas de los 10 antibiéticos del Grupo
de acceso elegidos de la lista modelo pedidtrica.

Conclusion La mayoria de los antibidticos orales apropiados para los
nifios no se vendieron en forma de comprimidos dispersables en 2015
a nivel mundial, como recomendo la OMS. Es evidente la necesidad
de desarrollar nuevas formas sélidas de antibiéticos adecuados para
su uso pediatrico.

References

1. Resolution A/RES/70/1. Transforming our world: the 2030 agenda
for sustainable development. In: Seventieth United Nations General
Assembly, New York, 25 September 2015. New York: United Nations; 2015.
Available from: http://www.un.org/ga/search/view_doc.asp?symbol=A/
RES/70/1&Lang=E [cited 2019 Jan 10].

2. LiuL, Black RE, Cousens S, Mathers C, Lawn JE, Hogan DR. Causes of child
death: comparison of MCEE and GBD 2013 estimates. Lancet. 2015 Jun
20;385(9986):2461-2. doi: http://dx.doi.org/10.1016/50140-6736(15)61132-
1 PMID: 26122064

3. WHO model list of essential medicines for children. 6th list. Geneva: World
Health Organization; 2017. Available from: https://apps.who.int/iris/
bitstream/handle/10665/273825/EMLc-6-eng.pdf?ua=1 [cited 2020 April
26].

4. Thirteenth general programme of work 2019-2023. Geneva: World Health
Organization; 2019. Available from: https://apps.who.int/iris/bitstream/
handle/10665/324775/WHO-PRP-18.1-eng.pdf [cited 2020 Apr 26].

5. Adopt AWaRe: handle antibiotics with care. Geneva: World Health
Organization; 2019. Available from: https://adoptaware.org/ [cited 2019 Jan
101.

6. Revised WHO classification and treatment of pneumonia at health
facilities. Evidence summaries. Geneva: World Health Organization;

2014. Available from: https://apps.who.int/iris/bitstream/
handle/10665/137319/9789241507813_eng.pdf?sequence=1 [cited 2020
Apr 26].

7. Bazargani YT, Ewen M, de Boer A, Leufkens HG, Mantel-Teeuwisse AK.
Essential medicines are more available than other medicines around the
globe. PLoS One. 2014 02 12,9(2):e87576. doi: http://dx.doi.org/10.1371/
journal.pone.0087576 PMID: 24533058

8. TheeS, Garcia-Prats AJ, Draper HR, Mcllleron HM, Wiesner L, Castel S, et al.
Pharmacokinetics and safety of moxifloxacin in children with multidrug-
resistant tuberculosis. Clin Infect Dis. 2015 Feb 15;60(4):549-56. doi: http://
dx.doi.org/10.1093/cid/ciu868 PMID: 25362206

9. Ellerbeck E, Khallaf N, el Ansary KS, Moursi S, Black R. Caretaker compliance
with different antibiotic formulations for treatment of childhood
pneumonia. J Trop Pediatr. 1995 04;41(2):103-8. doi: http://dx.doi.
org/10.1093/tropej/41.2.103 PMID: 7776391

10. Kekitiinwa A, Musiime V, Thomason MJ, Mirembe G, Lallemant M, Nakalanzi
S, et al. Acceptability of lopinavir/r pellets (minitabs), tablets and syrups in
HIV-infected children. Antivir Ther. 2016;21(7):579-85. doi: http://dx.doi.
0rg/10.3851/IMP3054 PMID: 27128199

11. Nahirya-Ntege P, Cook A, Vhembo T, Opilo W, Namuddu R, Katuramu R,
et al; ARROW Trial Team. Young HIV-infected children and their adult
caregivers prefer tablets to syrup antiretroviral medications in Africa. PLoS
One. 2012;7(5):e36186. doi: http://dx.doi.org/10.1371/journal.pone.0036186
PMID: 22567139

12. Matuz M, Benko R, Elseviers M, Hajdu E, Doro P, Viola R, et al. Dosage form
data used for estimating pediatric antibiotic use. Sci Pharm. 2015 07
1,83(3):511-8. doi: http://dx.doi.org/10.3797/scipharm.1411-05 PMID:
26839835

13. Amoxicillin dispersible tablets market and supply update. New York: United
Nations Children’s Fund; 2018. Available from: https://www.unicef.org/
supply/reports/amoxicillin-dispersible-tablets-market-and-supply-update
[cited 2019 Jan 10].

14. UN commission on life-saving commodities for women and children.
Commissioners'report. September 2012. New York: United Nations;

2012. Available from: https://www.unfpa.org/sites/default/files/pub-pdf/
Final%20UN%20Commission%20Report_14sept2012.pdf [cited 2020 Apr
26].

15. WHO methodology for a global programme on surveillance of antimicrobial
consumption. Version 1.0. Geneva: World Health Organization; 2018.
Available from: https://www.who.int/medicines/areas/rational_use/
WHO_AMCsurveillance_1.0.pdf?ua=1 [cited 2019 Apr 10].

16. Annex 2. WHO model list of essential medicines for children (April 2015).
Geneva: World Health Organization; 2015. Available from: https://www.
who.int/medicines/publications/essentialmedicines/EMLc2015_8-May-15.
pdf?ua=1 [cited 2019 Jan 10].

17. Sourcing and management of health products [internet]. Geneva: The
Global Fund; 2020. Available from: https://www.theglobalfund.org/en/
sourcing-management/ [cited 2019 Jan 10].

18. Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et
al. Global antibiotic consumption 2000 to 2010: an analysis of national
pharmaceutical sales data. Lancet Infect Dis. 2014 Aug;14(8):742-50. doi:
http://dx.doi.org/10.1016/51473-3099(14)70780-7 PMID: 25022435

19. HsiaY, Sharland M, Jackson C, Wong ICK, Magrini N, Bielicki JA.
Consumption of oral antibiotic formulations for young children according
to the WHO Access, Watch, Reserve (AWaRe) antibiotic groups: an analysis
of sales data from 70 middle-income and high-income countries. Lancet
Infect Dis. 2019 Jan;19(1):67-75. doi: http://dx.doi.org/10.1016/51473-
3099(18)30547-4 PMID: 30522834

20. Klein EY, Van Boeckel TP Martinez EM, Pant S, Gandra S, Levin SA,
et al. Global increase and geographic convergence in antibiotic
consumption between 2000 and 2015. Proc Natl Acad Sci USA. 2018 04
10;115(15):E3463-70. doi: http://dx.doi.org/10.1073/pnas. 1717295115
PMID: 29581252

21. Jackson C, Hsia Y, Bielicki JA, Ellis S, Stephens P, Wong ICK; et al. Estimating
global trends in total and childhood antibiotic consumption, 2011-2015.
BMJ Glob Health. 2019 02 27;4(1):e001241. doi: http://dx.doi.org/10.1136/
bmjgh-2018-001241 PMID: 30899565

22. Population databases [internet]. New York: United Nations Department of
Economic and Social Affairs; 2020. Available from: https://www.un.org/en/
development/desa/population/publications/database/index.shtml [cited
2020 Jan 10].

23. ACTS. IQVIA quality assurance. Durham: IQVIA; 2019. Available from: https://
www.igvia.com/en/landing/acts [cited 2019 Jan 10].

24. LiG, Jackson C, Bielicki J, Ellis S, Hsia Y, Sharland M. Child appropriate
formulations of EMLc antibiotics by WHO region, with formulation
definitions. London: Figshare; 2020. doi: http://dx.doi.org/10.6084/
m9.figshare.12043191

25. NFC classification [internet]. European Pharmaceutical Market Research
Association; 2018. Available from: https://www.ephmra.org/classification/
new-form-codes/ [cited 2019 Jan 10].

26. de Bie S, Kaguelidou F, Verhamme KM, De Ridder M, Picelli G, Straus SM,
et al,; ARPEC study. Using prescription patterns in primary care to derive
new quality indicators for childhood community antibiotic prescribing.
Pediatr Infect Dis J. 2016 12;35(12):1317-23. doi: http://dx.doi.org/10.1097/
INF.0000000000001324 PMID: 27626915

Bull World Health Organ 2020;98:458-466 | doi: http://dx.doi.org/10.2471/BLT.19.235309 465


http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
http://dx.doi.org/10.1016/S0140-6736(15)61132-1
http://dx.doi.org/10.1016/S0140-6736(15)61132-1
http://www.ncbi.nlm.nih.gov/pubmed/26122064
https://apps.who.int/iris/bitstream/handle/10665/273825/EMLc-6-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/273825/EMLc-6-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/324775/WHO-PRP-18.1-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/324775/WHO-PRP-18.1-eng.pdf
https://adoptaware.org/
https://apps.who.int/iris/bitstream/handle/10665/137319/9789241507813_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/137319/9789241507813_eng.pdf?sequence=1
http://dx.doi.org/10.1371/journal.pone.0087576
http://dx.doi.org/10.1371/journal.pone.0087576
http://www.ncbi.nlm.nih.gov/pubmed/24533058
http://dx.doi.org/10.1093/cid/ciu868
http://dx.doi.org/10.1093/cid/ciu868
http://www.ncbi.nlm.nih.gov/pubmed/25362206
http://dx.doi.org/10.1093/tropej/41.2.103
http://dx.doi.org/10.1093/tropej/41.2.103
http://www.ncbi.nlm.nih.gov/pubmed/7776391
http://dx.doi.org/10.3851/IMP3054
http://dx.doi.org/10.3851/IMP3054
http://www.ncbi.nlm.nih.gov/pubmed/27128199
http://dx.doi.org/10.1371/journal.pone.0036186
http://www.ncbi.nlm.nih.gov/pubmed/22567139
http://dx.doi.org/10.3797/scipharm.1411-05
http://www.ncbi.nlm.nih.gov/pubmed/26839835
https://www.unicef.org/supply/reports/amoxicillin-dispersible-tablets-market-and-supply-update
https://www.unicef.org/supply/reports/amoxicillin-dispersible-tablets-market-and-supply-update
https://www.unfpa.org/sites/default/files/pub-pdf/Final%20UN%20Commission%20Report_14sept2012.pdf
https://www.unfpa.org/sites/default/files/pub-pdf/Final%20UN%20Commission%20Report_14sept2012.pdf
https://www.who.int/medicines/areas/rational_use/WHO_AMCsurveillance_1.0.pdf?ua=1
https://www.who.int/medicines/areas/rational_use/WHO_AMCsurveillance_1.0.pdf?ua=1
https://www.who.int/medicines/publications/essentialmedicines/EMLc2015_8-May-15.pdf?ua=1
https://www.who.int/medicines/publications/essentialmedicines/EMLc2015_8-May-15.pdf?ua=1
https://www.who.int/medicines/publications/essentialmedicines/EMLc2015_8-May-15.pdf?ua=1
https://www.theglobalfund.org/en/sourcing-management/
https://www.theglobalfund.org/en/sourcing-management/
http://dx.doi.org/10.1016/S1473-3099(14)70780-7
http://www.ncbi.nlm.nih.gov/pubmed/25022435
http://dx.doi.org/10.1016/S1473-3099(18)30547-4
http://dx.doi.org/10.1016/S1473-3099(18)30547-4
http://www.ncbi.nlm.nih.gov/pubmed/30522834
http://dx.doi.org/10.1073/pnas.1717295115
http://www.ncbi.nlm.nih.gov/pubmed/29581252
http://dx.doi.org/10.1136/bmjgh-2018-001241
http://dx.doi.org/10.1136/bmjgh-2018-001241
http://www.ncbi.nlm.nih.gov/pubmed/30899565
https://www.un.org/en/development/desa/population/publications/database/index.shtml
https://www.un.org/en/development/desa/population/publications/database/index.shtml
http://
https://www.iqvia.com/en/landing/acts
https://www.iqvia.com/en/landing/acts
http://dx.doi.org/10.6084/m9.figshare.12043191
http://dx.doi.org/10.6084/m9.figshare.12043191
https://www.ephmra.org/classification/new-form-codes/
https://www.ephmra.org/classification/new-form-codes/
http://dx.doi.org/10.1097/INF.0000000000001324
http://dx.doi.org/10.1097/INF.0000000000001324
http://www.ncbi.nlm.nih.gov/pubmed/27626915

Research
Global consumption of paediatric antibiotics

27. Shin SM, Shin JY, Kim MH, Lee SH, Choi S, Park BJ. Prevalence of antibiotic
use for pediatric acute upper respiratory tract infections in Korea. J

Korean Med Sci. 2015 May;30(5):617-24. doi: http://dx.doi.org/10.3346/
jkms.2015.30.5.617 PMID: 25931794

28. Knowles R, Sharland M, Hsia Y, Magrini N, Moja L, Siyam A, et al. Measuring
antibiotic availability and use in 20 low- and middle-income countries.
Bull World Health Organ. 2020 Mar 1;98(3):177-187C. doi: http://dx.doi.
0rg/10.2471/BLT.19.241349 PMID: 32132752

29. Rogawski ET, Platts-Mills JA, Seidman JC, John S, Mahfuz M, Ulak M, et al.
Use of antibiotics in children younger than two years in eight countries: a

prospective cohort study. Bull World Health Organ. 2017 Jan 1,95(1):49-61.

doi: http://dx.doi.org/10.2471/BLT.16.176123 PMID: 28053364

30. Mistry P, Batchelor H; SPaeDD-UK project (Smart Paediatric Drug
Development - UK). Evidence of acceptability of oral paediatric medicines:
a review. J Pharm Pharmacol. 2017 Apr;69(4):361-76. doi: http://dx.doi.
0rg/10.1111/jphp.12610 PMID: 27524471

466

31

32.

33.

34.

35.

Grace Lietal.

Global Health Observatory (GHO) data. Mortality and burden of disease
from water and sanitation [internet]. Geneva: World Health Organization;
2016. Available from: https://www.who.int/gho/phe/water_sanitation/
burden_text/en/ [cited 2019 Jan 10].

UN-Water global analysis and assessment of sanitation and drinking-water
(GLAAS). Strategy 2017-2020. Geneva: World Health Organization;

2017. Available from: https://www.who.int/water_sanitation_health/
publications/glaas-strategy-2017-2020-261017.pdf?ua=1 [cited 2019 Jan
10].

Lam JK, Xu'Y, Worsley A, Wong IC. Oral transmucosal drug delivery for
pediatric use. Adv Drug Deliv Rev. 2014 Jun;73:50-62. doi: http://dx.doi.
0rg/10.1016/j.addr.2013.08.011 PMID: 23999459

Global accelerator for paediatric formulations [internet]. Geneva: GAP-f;
2019. Available from: http://gap-f.org/ [cited 2019 Jan 10].

Thabet Y, Klingmann 'V, Breitkreutz J. Drug formulations: standards and novel
strategies for drug administration in pediatrics. J Clin Pharmacol. 2018 10,58
Suppl 10:526-35. doi: http://dx.doi.org/10.1002/jcph.1138 PMID: 30248193

Bull World Health Organ 2020,98:458-466| doi: http://dx.doi.org/10.2471/BLT.19.235309


http://dx.doi.org/10.3346/jkms.2015.30.5.617
http://dx.doi.org/10.3346/jkms.2015.30.5.617
http://www.ncbi.nlm.nih.gov/pubmed/25931794
http://dx.doi.org/10.2471/BLT.19.241349
http://dx.doi.org/10.2471/BLT.19.241349
http://www.ncbi.nlm.nih.gov/pubmed/32132752
http://dx.doi.org/10.2471/BLT.16.176123
http://www.ncbi.nlm.nih.gov/pubmed/28053364
http://dx.doi.org/10.1111/jphp.12610
http://dx.doi.org/10.1111/jphp.12610
http://www.ncbi.nlm.nih.gov/pubmed/27524471
https://www.who.int/gho/phe/water_sanitation/burden_text/en/
https://www.who.int/gho/phe/water_sanitation/burden_text/en/
https://www.who.int/water_sanitation_health/publications/glaas-strategy-2017-2020-261017.pdf?ua=1
https://www.who.int/water_sanitation_health/publications/glaas-strategy-2017-2020-261017.pdf?ua=1
http://dx.doi.org/10.1016/j.addr.2013.08.011
http://dx.doi.org/10.1016/j.addr.2013.08.011
http://www.ncbi.nlm.nih.gov/pubmed/23999459
http://gap-f.org/
http://dx.doi.org/10.1002/jcph.1138
http://www.ncbi.nlm.nih.gov/pubmed/30248193

	Figure 1
	Figure 2
	Figure 3
	Table 1

