Latin America Health: Public Policy and Primary Care - Original Research

Journal of Primary Care & Community Health

Antimicrobial Consumption & T Aoty 02
° ° ° ° rticle reuse guidelines:
in Latin American Countries: sagepub.comfjournal-permissions

DOI: 10.1177/21501319221082346

H journals.sagepub.com/homel/jpc
First Steps of a Long Road Ahead SSAGE

Gustavo H. Marin'(®), Lucia Giangreco', Cristian Dorati', Perla Mordujovich',
Silvia Boni2, Hilda Mantilla-Ponte3, Ma. José Alfonso Arvez*, Ménica Lépez Pefia®,
Ma. Francisca Aldunate Gonzalez®, Shing Mi Ching Fung’, Laura Barcelona?,
Laura Campafia?, Alejandra Vaquero Orellana®, Tatiana Orjuela Rodriguez®,
Larissa Ginés Cantero?, Rosa A. Villar®, Nicole Sandoval Fuentes®,

Emiliano Melero?, Hugo Marin-Piva’, Gisela Soler?, Fernanda Gabriel?,

Laura Pineda Velandia®, Cinthia Ojeda Florentin, Soledad Risso Patron?,

Mariela Ortiz Rivas*, Carolina Mendoza Benitez*, Rosemarie Mellado®,

Verica lvanovska’, Arno Muller’?, Robin Rojas®, and José Luis Castro®

Abstract

Background: Irrational antimicrobial consumption (AMC) became one of the main global health problems in recent decades.
Objective: In order to understand AMC in Latin-American Region, we performed the present research in 6 countries.
Methods: Antimicrobial consumption (JOI, AO7A, POIAB groups) was registered in Argentina, Chile, Colombia, Costa
Rica, Paraguay, and Peru. Source of information, AMC type, DDD (Defined Daily Doses), DID (DDD/1000 inhabitants/
day), population were variables explored. Data was analyzed using the Global Antimicrobial Resistance and Use Surveillance
System (GLASS) tool. Results: Source of information included data from global, public, and private sectors. Total AMC was
highly variable (range 1.91-36.26 DID). Penicillin was the most consumed group in all countries except in Paraguay, while
macrolides and lincosamides were ranked second. In terms of type of AMC according to the WHO-AWaRe classification, it
was found that for certain groups like “Reserve,” there are similarities among all countries. Conclusion and Relevance:
This paper shows the progress that 6 Latin-American countries made toward AMC surveillance. The study provides a
standardized approach for building a national surveillance system for AMC data analysis. These steps will contribute to the
inclusion of Latin-America among the regions of the world that have periodic, regular, and quality data of AMC.
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Background Antimicrobial misuse is the main driver for antimicro-
bial resistance (AMR), which has became a major global
health problem,’ especially in developing countries.® No
Latin American countries’ regularly measure their antimi-
crobial consumption and only a few of them occasionally
review the overall consumption of antibiotics in their terri-
> i X e tory.” Factors affecting antibiotic consumption in develop-

Studies of antimicrobial use showed over-prescription  jno countries include to inappropriate prescription practices,
of antimicrobials related to irrational or unnecessary use¢  jnadequate patient education, limited diagnostic facilities,
where the indication does not correlate with the disease,”  ypaythorized sale of antimicrobials, and lack of appropriate
the clinical diagnosis does not require any medication, or functioning drug regulatory mechanisms,®® Surveillance
when diagnostic tests have discordant results.* and monitoring systems for antimicrobial consumption

Antimicrobials are key elements for substantially increasing
life expectancy of human beings.! Self-medication; the sys-
tematic use of antibiotics in food producing animals; or the
indiscriminate prescription of antimicrobials for non-infec-
tious diseases have contributed to their inappropriate use.?
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(AMC)'*!" are essential elements for assessing and con-
trolling global trends in both AMC and microorganisms’
susceptibility patterns in different countries.'>'3 AMC pro-
vides information about the types and quantities of con-
sumed antimicrobial medicines. AMC data are collected on
an aggregated level from pre-existing administrative data-
bases (eg, for import, sales, and reimbursement). AMC data
is not patient-level data and does not provide information on
why the antimicrobials were used. Thus, it is a proxy for
actual use of antimicrobial, for which data collection is more
laborious.

The strategy of the World Health Organization (WHO)
for measuring AMC proposes 3 levels for surveillance:
national, regional,'* and global strategies, such as the
“Global Action Plan” (GAP)!® or the “One Health”
approach.'® For this reason, WHO promoted international
projects to understand and evaluate AMC processes like the
new European One Health Action Plan!” or the Central
Asian and Eastern European Surveillance of AMR network
(CAESAR).'® However, in order to compare consumption
among countries and inside each territory, it is necessary to
use a unique way of measuring. That is why, to standardize
AMC data collection and national reporting, WHO devel-
oped a common method, which applies the same metrics
and tools. This method incorporated to AMC module into
WHO Global Antimicrobial Resistance and Use
Surveillance System (GLASS-AMC) and it is now avail-
able to be applied by any country.”®

Even though this monitoring methodology (as proposed in
WHO-GAP strategy), enables each country to evaluate and
track its own AMC national data'? it has not been imple-
mented worldwide, so it is still not possible to perform a
global AMC comparison. Unfortunately, Latin America is
one of those regions in which details of AMC remains
unknown.”?*?* It is for this reason that research perform in to
the reality of the AMC in each country is necessary.

The objective of this work is to evaluate countries’ esti-
mation of their national consumption of antimicrobials
according to the WHO methodology.

Methods

2.1. Study Design: This research is a descriptive study of
national antimicrobial consumption in Latin
American countries.

2.2. Participants: The countries enrolled in the study
were Argentina, Chile, Colombia, Costa Rica,
Paraguay, and Peru.

2.3. Period of the study: The data correspondings to the
period from 01/01/2019 to 12/31/2019 was col-
lected, consolidated, and evaluated between August
2020 and March 2021.

2.4. Variables considered in the study: The following
variables were assessed: name of the country, source
of information, type of antimicrobial from groups
JO1, AO7A, and PO1AB; active principles according
to the ATC classification system, number of pack-
ages, pharmaceutical formulation, concentration of
antimicrobial in the pharmaceutical presentation,
total amount of active ingredient (expressed in mg),
AWaRe group,? DDD (Defined Daily Doses), DID
(DDD/1000 inhabitants/day), and population under
study.

2.5. Antimicrobials studied: Antimicrobials included in
the study corresponded to subgroups: JO1, AO7A,
and PO1AB of the WHO Anatomical Therapeutic
Chemical (ATC) classification system,?® where JO1
constitutes “antibacterial for systemic use,” A07A
“intestinal anti-infectives,” and PO1 AB “nitro-imid-
azole derivatives for diseases caused by protozoa.”
Sub-groups included in this research are described
in Table 1.

2.6. AMC measurement method: Data was evaluated
using the WHO methodology for a global program
on surveillance of AMC,'* using the ATC classifi-
cation and the DDD as a standard unit of measure-
ment to express the average maintenance dose per
day for a drug used for its main indication in
adults.? DDDs were then transformed in DDDs per
1000 inhabitants per Day (referred as DID).
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Table I. Antimicrobials Evaluated According to the WHO
Anatomical Therapeutical Chemical (ATC) Classification®.

Subgroup Antimicrobial

JOIA Tetracyclines

JoiB Amphenicols

JoicC Beta-lactams, penicillins

JOID Other beta-lactams

JOIE Sulfamides and trimethoprim

JOIF Macrolides, lincosamines

JOIG Aminoglycosides

JOIM Quinolones

JoIX Other antibacterials

AO07A Neomicine, nistantine, rifamixine,
vancomicine

POIAB Metronidazole, ornidazole, tinidazole

*WHO Anatomical Therapeutical Chemical (ATC) Classification.

Antimicrobials consumed were also classified
according to the WHO Access-Watch-Reserve
(AWaRe) classification.”> This tool categorizes
antibiotics into 3 stewardship groups: Access,
Watch, and Reserve, to emphasize the importance
of their optimal uses and potential for antimicrobial
resistance. Access includes antibiotics that have
activity against a wide range of commonly encoun-
tered susceptible pathogens while also showing
lower resistance potential than antibiotics in the
other groups. Watch group includes antibiotics that
have higher resistance potential with relatively high
risk of selection of bacterial resistance. Reserve
group includes antibiotics and antibiotic classes
that should be reserved for treatment of confirmed
or suspected infections due to multi-drug-resistant
organisms. Antibiotics in Reserve group should be
treated as “last resort” options.

2.7. Source of Information: AMC information was
obtained from sources available in each country in
agreement with the local authorities. Each country
selected the source that would allow it to include at
least 80% of its population, thus ensuring that the
extracted data would be meaningful. Sources
included: data from local antimicrobial produc-
tion/imports from pharmaceutical laboratories,
distribution chain, and sales in pharmacies and/or
hospital dispensing. Commercial sources of data
such as IQVIA were included in 2 countries
(Argentina and Chile), in order to estimate phar-
macies’ consumption. Each country provided their
data through their Ministry of Health, the National
Regulatory Authority, or the Pharmacovigilance
Departments.

Argentina

Argentina measured their antimicrobial consumptions in 3
ways (Globally, Public Sector, and Private sector)

Chile

Total/Global antimicrobials produced at the national
level, plus antimicrobials imported by pharmaceuti-
cal laboratories: this data was provided directly
from laboratories (sales + purchase) to the National
Administration of Drugs, Food and Medical
Technology (ANMAT). Therefore, these data repre-
sented the global consumption at country level,
without distinction by hospital or community sec-
tor, public or private.

“Remediar” Program: a program from the Ministry
of Health that supplies free medicines from a list of
essential drugs, which are delivered to the Primary
Health Care Institutions in the public sector.

IQVIA: commercial source, corresponding to private
pharmacy sales.

Central Supply of the National Health Services
System (CENABAST), which is a part of the
Ministry of Health: these are comprehensive data
(outpatient and hospital inpatient consumption) that
represents the public sector.

IQVIA: representing private pharmacy sales.

Colombia

“Medicines Information System” (SISMED), from
the Ministry of Health, which registers all sales from
medicines provided by manufacturers and importers.
The source considered all AMC data (public and pri-
vate sector; inpatients or outpatients).

Costa Rica

Accounting and Supplies Computer System (SICS)
of the Costa Rican Social Security Fund (CCSS),
which provides high-quality information from social
security and the public sector. CCSS covers almost
the entire population (91%). However, the 9% of the
population who are not insured remains uncovered
within the present evaluation.

Paraguay

The public sector considered dispensing of out
patients and inpatients in hospitals and institutions
depending of the Ministry of Public Health and
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Table 2. Sources of information selected by each country.

Sector % covered population
Covered of total country
Country Data source sector Total Hospital Community population inhabitants®
Argentina Laboratories X 44938712 100
Remediar X 16000000 35.6
IQVIA X 44938712 100
Chile CENABAST X 14903 628 78
IQVIA X 15842072 8291
Colombia SISMED X 49395678 100
Costa Rica CCsS X 4608402 91.08
Paraguay SICIAP X 5082767 719
Private institutions X 586745 83
Peru SISMED + EsSalud X 25062492 78

*The percentage of the population reached by each data source was extracted from the total number of beneficiaries that the source declared in each

country, data subsequently confirmed by the focal points in every case.

Social Welfare (MSPBS) through its “Automated
Inventory Control and Information System of
Paraguay” (SICIAP).

— A separate assessment with data provided by a group
of major private hospitals in the country was used to
estimate private consumption. It was not possible to
assess the consumption of most private pharmacies.

Peru

— Public and social security sector data were extracted
from the “Medicines Supply System” (SISMED)
from the Ministry of Health (MINSA) though the
General Directorate of Medicines, Supplies and
Drugs (DIGEMID).

— The Social Security subsector (Es-Salud) also pro-
vided their data. For Peru, both sources were consoli-
dated in order to reflect data from around 80% of the
national population.

The information sources used by each country to obtain the
AMC data, as well as the health sector involved, the level of
coverage, the covered population and the percentage of the
total national population that represent each source are
shown in Table 2. As mentioned, sources in Argentina and
Colombia allowed evaluating a global consumption at the
national level. For the rest of the countries, according to the
source selected, the percentage of coverage was variable.
Different populations were considered for estimating con-
sumption for each source of information.

2.8. Data Collection: Once the sources were selected, data
collection was carried out by the following procedure:
a. Nomination of an official referent in each country.
b. Training referents in data enrollment though PAHO

“Training on the WHO methodology for the surveil-
lance of AMC (2020)” course. c. Data Registration
using AMC data collection instrument described in
the Global AMR and Use Surveillance System
(GLASS) manual for the management of AMC data.?’
d. Quality control process of data recording. This pro-
cedure was performed as an external audit carried out
by the University Center of Pharmacology (CUFAR),
National University of La Plata, Argentina (WHO-
PAHO Collaborating Center). This control included
detection and recovery of missing data. e. Validation
of data collected. After the quality control process,
each country in collaboration with CUFAR, validated
the consumption data registered for each antimicro-
bial, using the WHO tool.?’

Results

The overall results corresponding to each country are shown
in Table 1. Total AMC, expressed in DID (DDD/1000 inhab-
itants/day), was highly variable: from 1.91 DID in private
institutions in Paraguay to 36.26 DID in Argentina (Table 3).

The relative consumption of antimicrobials analyzed
according to the ATC classification, is shown in Table 4.

Penicillins and their derivatives (JO1C) were the most
consumed group in all subgroups of population studied,
except in Paraguay (private and public sectors). Macrolides
and lincosamides (JO1F) were ranked second in Argentina
(IQVIA), Chile (CENABAST and IQVIA), Colombia
(SISMED), and Peru (SISMED + EsSalud).

In Argentina, penicillins and their derivatives exceeded
50% of the total AMC, both in the laboratory (produc-
tion + import) base, and in the IQVIA base (51.63% and
51.57%, respectively). This percentage reached 90.77% for
the Remediar Program.
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Table 3. Total Consumption in DID for Each Country.
Country Source Denominator Total DDDs DID
Argentina Laboratories 44938712 594705051 36.26
Remediar 16000000 95344246 16.33
IQVIA 44938712 180439478 11.00
Chile CENABAST 14903628 34854715 6.41
IQVIA 15842072 68253807 11.80
Colombia SISMED 49395678 323337682 17.93
Costa Rica CCSS 4608402 21456885 12.76
Paraguay SICIAP 5082767 685438 3.38
Private institutions 586745 216417 1.91
Peru SISMED + EsSalud 25062492 114324644 12.50

Abbreviations: DDD, defined daily dose; DID, defined daily dose per 1000 inhabitants per day.

In the case of data extracted from laboratory (produc-
tion + imports) source, the second most used group was
nitroimidazole derivatives (PO1AB), with 13.60%, and in
third place, macrolides and lincosamides, with 13.34%.
However, in the IQVIA database, the second most used
group was macrolides, with 18.88% and the third was qui-
nolones (JOIM) (12.30%).

In Chile, in both databases, CENABAST and IQVIA,
penicillins and their derivatives group were also the most
consumed antimicrobials (44.78% and 44.60%, respec-
tively), followed by macrolides/lincosamides (23.46% and
24.57%) and quinolones (9.07% and 13.79%).

The same pattern (penicillins first, macrolides/lincos-
amides second, and quinolones in third place), was also
repeated in Colombia (35.34%, 17.06%, and 12.82%,
respectively).

In the case of Costa Rica, first place was penicillins and
their derivatives (25.95%), followed by cephalosporins and
carbapenems (JO1D) (16.61%), then by tetracyclines (JO1A)
(14.78%) and lastly by sulfonamides/trimethoprim (JO1E)
14.77%).

In Paraguay, the public sector data showed that the group
of antimicrobials most consumed was macrolides (28.9%),
followed by penicillins and their derivatives (28.49%) and
quinolones (17.97%). In the private sector, it was observed
that the group of cephalosporins and carbapenems was the
most consumed (41.66%), followed by quinolones (31.97%),
and in third place, macrolides (14.20%).

In Peru data demonstrated that penicillins and their
derivatives were in first place (35.91%), followed by mac-
rolides (16.01%) and quinolones (14%)).

Table 5 shows the relative consumption calculated by
source of information and involved population according to
the WHO AWaRe Classification.

In all populations studied except in Paraguay, the
“Access” group exceeds 60% of total consumption, with
variations ranging from 60.05% for Chile (IQVIA), to
95.25% for the Remediar Program in Argentina.

An inversely proportional AMC from the “Watch” group
was observed in all countries, with the data varying from
4.75% for the Remediar Program in Argentina to 39.89% in
Chile (IQVIA).

Paraguay had a prevalent consumption of the Watch
group versus the Access group in both the private (58.02%
and 38.26%, respectively) and the public (59.76% and
19.46%, respectively) sectors.

The “Reserve” group represents less than 0.8% of con-
sumption in all countries.

Discussion

The WHO methodology for AMC monitoring allows for
data to be collected on an aggregated level and does not rely
on person-level data, which is largely unavailable in many
countries. The flexibility in the choice of data sources for
AMC enables countries with limited resources to use pre-
existing data sources to build up sustainable systems for
AMC surveillance. This approach builds up on the long-
term practice developed by the European Surveillance of
Antimicrobial Consumption Network (ESAC-Net) of the
European Centre for Disease Prevention and Control
(ECDC) to monitor national trends in AMC over time.?®
Where available, countries are encouraged to link AMC data
with clinical and microbiological data to learn about the
indications for antimicrobial use and improve practices.

Results from this study showed wide variations in the
quantity and types of antimicrobials consumed. This varia-
tion likely reflects actual differences in AMC but might also
be partially attributed to differences in data coverage.
Countries enrolled in this research used different sources of
information to determine AMC, which is directly tied to the
population enrolled in terms of percentage of inhabitants
considered in the analysis.

In the case of Argentina, information was obtained from
the public sector through the largest national program for the
provision of drugs to the outpatient population without
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specific insurance called “Remediar”; but also, information
was obtained from a private consulting organization (IQVIA)
which registers sales performed in all pharmacies in the
country to outpatients. Both of these sources provide infor-
mation only about ambulatory AMC. That is the reason why
Argentina chose a third source of information, which con-
sisted of information provided directly by the laboratories
that produce and import antimicrobials. This Global Data
includes both outpatient data information about the use of
antimicrobials in hospital settings either in public and in pri-
vate sector, which is the 100% of the country’s population.
Although, data for this research could be obtained just from
this Global Data source; the 3 sources were shown in the
analysis (Table 3), since it is interesting to demonstrate the
great differences that exists among these data sources. This
discrepancy might be explained by the type of population
that each one of the sources considered. While “Remediar”
program only includes public sector, mostly socially vulner-
able inhabitants that has no other health insurance; the
IQVIA data only includes the population that obtains their
ambulatory medicines from pharmacies; and Laboratories
source includes all antimicrobials that were dispensed in the
country (either ambulatory or inpatients; public, social secu-
rity, or private sector). That is why, it is considered that this
last source reflects the situation that is closest to reality, and
might be an important tool for future research.

Chile, Colombia, and Costa Rica each had a unique
national source of information provided by health authori-
ties that contained consumption data from the public sector
or from the health insurance sector.

In Chile, this source is called the CENABAST data base,
which consolidates information from the public sectorand the
health insurance sector encompassing both ambulatory and
hospital antimicrobial consumption. Hence, the source
includes the great majority of the population in the country
with the exception of the private ambulatory consumption
data, which was obtained from the IQVIA data base (an inter-
national advisor group) which allowed the inclusion of the
private sub-sector data from people who paid for their anti-
microbials using cash in private pharmacies.

In Colombia, the national data base (SISMED) includes
either public, insurance, or private sectors which constitute
100% of the population.

In Costa Rica, the source was the Health Insurance
System (CCSS). Although, not all the population is included
in this system, it was considered an excellent source of
information since more than 91% of the inhabitants in the
country have this coverage.

Paraguay included AMC data from public health insti-
tutions (information extracted from antimicrobial pur-
chase and distribution by the Ministry of Health). The
private sector was represented by the main private health
institution. Between both databases the majority of the

population was represented in the study, however, for fur-
ther studies the social security sector called IPS should be
enrolled (then 100% of the population will be included in
the analysis).

In the case of Peru, the data was obtained from the public
sector. Although it accounts for a large percentage of the
population (>78%), there is still a non-negligible percent-
age of the inhabitants that was not considered in the analy-
sis. In order to include 100% of the Peruvian population, it
would be necessary to include the private sector and to
develop a unique data base to register all antimicrobial
commercialization the future AMC analysis of the country.

An issue that is directly related to the source of informa-
tion and which is also just as important, is identifying the
population to whom these antimicrobials are administered/
dispensed (potential consumers). This will become the
“denominator” of the consumption formula. For a national
estimation of consumption, there is no doubt that the appro-
priate population is the total population of the country (all
age and gender groups combined). This is the case of
Argentina and Colombia. However, in countries like Chile,
Costa Rica, Peru, and Paraguay, only the population that
reflects the real coverage provided by each source was con-
sidered, in order to avoid the overlap of data sources. For
this reason, for each country enrolled in this study, all
sources and population were submitted to a careful analysis
process in order to validate them.

About the type of antimicrobial consumed, the majority
of antimicrobials consumed in all countries, except for
Paraguay, belonged to the “Access” group which is the
expected situation in a global analysis. Noteworthy, in
Paraguay, both private and public health sectors, antimicro-
bials from the “Watch” group were the most consumed. In
the public sector of this country, it was also found that a
high percentage of AMC (20.01%) could not be classified
within the AWaRe groups, which corresponds to amoxicil-
lin-sulbactam and cefoperazone-sulbactam, both fixed-dose
combinations, considered by the WHO to be antimicrobials
not recommended for daily clinical practice, due to the lack
of evidence-based indications for use or recommendations
in high-quality international guidelines. Another fact to
highlight about Paraguay is that, in the private sector, the
use of macrolides doubles the use of beta-lactams, a situa-
tion contrary to that observed in all other countries ana-
lyzed. Antimicrobial consumption (classified as Access,
Watch, and Reserve groups) is an important information
mainly for each country'shealth authorities, since, each
administration will be able not only to compare future data
to the baseline, but also to monitor the impact of health poli-
cies guiding?® toward the rational use of these medicines.

Concerning the number of antimicrobials consumed in
terms of DID, the study shows a wide diversification of
results where Argentina had the highest total AMC
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measured in DID and Paraguay the lowest. These situations
might be based on population access to antimicrobials, and
local AMC policies.

The limitations of the study and the potential problems in
obtaining regular AMC information from countries are related
to the absence of a global health information system3*3!; the
fluctuation of governments’ engagement; the lack of resources,
the lack of rules and regulations, and the limited staff assigned
to this topic.’'*> The evaluation of AMC is not yet a well-
developed and standardized process in countries of the
Americas, and additional efforts should be made in the future
to fully validate sources of information, ensure the coverage
and avoiding potential overlapping among sources. The pres-
ent work set a path for standardization and systematization of
a methodology for this purpose.

Government plays a major role in collaboration with
national and international stakeholders in setting health
policy rules and regulations like antibiotic use.>*** Periodic
estimation and analysis of AMC data, as developed in this
study, may help to establish trends at the national level and
comparisons with other countries or regions’ data by enroll-
ment into GLASS-AMC, evaluating potential achievements
of local health policies toward the rational use of these med-
icines.** Studies like this one will encourage the authorities
of other countries in the region to begin periodically regis-
tering the consumption of antimicrobials in their territory,
which turn will allow them to make the right decisions not
only with regards to improving the use of these medicines,
but also avoiding resistance to antibiotics.

Conclusions

This paper presents for the first time AMC data from six
Latin American countries employing the same WHO stan-
dardized methodology for the analysis. Each country identi-
fied its own source of information which guaranteed
independent valid data about amount and type of antimicro-
bials consumed during the year 2019.

A great heterogeneity among the countries was seen in
terms of total antimicrobial consumption measured in
Defined Daily Doses/1000 inhabitants/day (range from
1.91 to 36.26). The majority of antimicrobials consumed in
almost all countries belonged to the “Access” group which
correlates with a rational AMC scenario.

This study can help in future research to monitor trends,
correct errors, improve procedures and create a sustainable
and periodic evaluation of national consumption, as a pow-
erful tool for decision-making in health. The commitment
of each national authority to this type of project is essential
for the improvement of data recording system in order to
know which and how antimicrobials are used in different
health sectors. These steps will contribute to making Latin
America one of the regions of the world that have periodic,
regular, and quality data of AMC.

Authors’ Note

All authors have the maximum academic title either in the disci-
plines Medicine or Pharmacy.

Authors’ Information

All information about this project, and about the authors partici-
pating in it, should be requested from: Dr. Gustavo H. Marin,
CUFAR- National University Pharmacology Center, WHO-
PAHO Collaborating Center. gmarin@med.unlp.edu.ar

Acknowledgments

We appreciate the support of all the Ministries of Health of the
participating countries, as well as the permanent support of the
Pan-American Health Organization (PAHO) and the World Health
Organization (WHO).

Author Contributions

For research articles with several authors, a short paragraph speci-
fying their individual contributions must be provided. The follow-
ing statements should be used Methodology, GHM.; software,
LG.; validation, CD, PM., formal analysis, GHM, LG; resources
RAV, RR, JLC.; writing—original draft preparation, GHM, LG,
CD, PM, RR, JLC.; data curation, SB, LB, LC, SRP, FG, MJAA;
HMP, MLP, MFAG, SMCF, AVO, NSF, EM, HMP, TOR, LGC,
NSF, LPV, COF, MOR, CMB, RM, VI, AM. All authors have
read and agreed to the published version of the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
research was funded by the grant #049126 from the European Union
contribution agreement P1/2019/406-773 for the project “Working
Together to Fight Antimicrobial Resistance,” and by Pan American
Health Organization and World Health Organization funds.

Ethical Approval and Consent to Participate

The study received approval from the ethics committee by PAHO
Ethical committee ID PAHOERC.0317.01.

Consent for Publication

All authors approved submission for publication of this
manuscript.

ORCID iD

Gustavo H. Marin https://orcid.org/0000-0002-6380-6453

Availability of Data and Materials

Data will be available on request by email to the corresponding
author.


mailto:gmarin@med.unlp.edu.ar
https://orcid.org/0000-0002-6380-6453

10

Journal of Primary Care & Community Health

References

1.

10.

11.

12.

13.

14.

15.

16.

Centers for Disease Control and Prevention (CDC). Ten
great public health achievements—United States, 1900-1999.
MMWR Morb Mortal Wkly Rep. 1999;48:241-243.

. Cars O, Chandy SJ, Mpundu M, Peralta AQ, Zorzet A, So AD.

Resetting the agenda for antibiotic resistance through a health
systems perspective. Lancet Glob Health. 2021;9(7):e1022-
e1027.

. Tarrant C, Krockow EM. Antibiotic overuse: managing

uncertainty and mitigating against overtreatment. BMJ Qual
Saf. 2021;0:1-9.

. Magill SS, O’Leary E, Ray SM, et al. Assessment of the

appropriateness of antimicrobial use in US hospitals. J4MA
Netw Open. 2021;4(3):212007.

. Talebi Bezmin Abadi A, Rizvanov AA, Haertlé T, Blatt NL.

World Health Organization report: current crisis of antibiotic
resistance. BioNanoScience. 2019;9:778-788.

. O’Neill J. Tackling drug-resistance infections globally: final

report and recommendations. 2016. Accessed June 7, 2021.
https://amr-review.org/sites/default/files/160518 Final%20
paper_with%?20cover.pdf

. Wirtz V], Dreser A, Gonzales R. Trends in antibiotic utili-

zation in eight Latin American countries, 1997-2007. Am J
Public Health. 2010;27:219-225.

. Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of anti-

microbial resistance in developing countries: causes and con-
trol strategies. Antimicrob Resist Infect Control. 2017,6:1-14.

. Wolff MJ. Use and misuse of antibiotics in Latin America.

Clin Infect Dis. 1993;17 Suppl 2:S346-S351.

World Health Organization. Combat drug resistance: no action
today means no cure tomorrow. Statement WHO Director
General, Dr Margaret Chan 6 April 2011. https://www.who.
int/pmnch/media/news/2011/20110407_who_whd/en/
PAHO. Pan-American Health Organization Technical
Advisory Group on ATM resistance and infection prevention
and control. 2013. Accessed June 7, 2021. https://www.paho.
org/hg/dmdocuments/2014/2014-cha-tag-antimicrobial-resis-
tance-ipc.pdf

WHO. Integrated Surveillance of ATM Resistance in
Foodborne Bacteria: Application of a One Health Approach.
World Health Organization; 2017. Accessed June 8, 2021.
https://apps.who.int/iris/bitstream/handle/10665/255747/
9789241512411-eng.pdf?sequence=1

Interagency Coordination Group on ATM Resistance
(IACG). Surveillance and monitoring for ATM use and
resistance. 2018. Accessed June 8§, 2021. https://www.who.
int/antimicrobial-resistance/interagency-coordination-group/
IACG july2018 newyork.pdf

WHO. WHO methodology for a global programme on
surveillance of ATM consumption, Version 1.0. 2020.
https://www.who.int/medicines/areas/rational use/WHO _
AMCsurveillance 1.0.pdf

World Health Organization (WHO). Global action plan on
antimicrobial resistance. Accessed June 8, 2021. https:/www.
who.int/publications/i/item/9789241509763

ORION Knowledge Hub Catalogue. One Health EJP.ORION.
Accessed June 8, 2021. https://onehealthejp.eu/jip-orion/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

A European One Health Action Plan against ATM Resistance
(AMR). EU Commission. Accessed June 8, 2021. https://
ec.europa.eu/health/system/files/2020-01/amr 2017 action-
plan_0.pdf

World Health Organization (WHO). Central Asian and
Eastern European Surveillance of ATM Resistance
(CAESAR). Accessed June 8, 2021. http://www.euro.who.
int/en/health-topics/disease-prevention/antimicrobial-resis-
tance/surveillance/central-asian-and-european-surveillance-
of-antimicrobial-resistance-caesar

WHO. GLASS Antimicrobial Consumption Surveillance

module. https://www.who.int/initiatives/glass/glass-amc-
module
WHO. Global Antimicrobial — Resistance and  Use

Surveillance System (GLASS) Report: 2021. World Health
Organization; 2021. https://apps.who.int/iris/bitstream/han
dle/10665/341666/9789240027336-eng.pdf?sequence=1
&isAllowed=y

Da Silva JB Jr, Espinal M, Ramoén-Pardo P. Antimicrobial
resistance: time for action. Rev Panam Salud Publica.
2020;44:e131. doi:10.26633/RPSP.2020.131

Castro JL, Levy Hara G, Muiioz S, Silveira de Castro M,
Berrios ME, Montenegro A, et al. Antibiotic consumption in
Nicaragua and Honduras. Analysis of methodological aspects
and main results. Rev Panam Infectol. 2008;10(4 Suppl
1):s104-s111.

Center for Disease Dynamics, Economics & Policy. State of
the World’s Antibiotics, 2015. CDDEP; 2015. https://www.
cddep.org/wpcontent/uploads/2017/06/swa_edits_9.16.pdf
Hegewisch-Taylor J, Dreser-Mansilla A, Romero-Moénico J,
Levy-Hara G. Antimicrobial stewardship in hospitals in Latin
America and the Caribbean: a scoping review. Rev Panam
Salud Publica. 2020;44:1. doi:10.26633/rpsp.2020.68

WHO. AWaRe Classification. WHO; Geneva; World Health
Organization; 2019. (WHO/EMP/IAU/2019.11).Accessed
June 8, 2021. https://aware.essentialmeds.org/groups
WHO Collaborating Centre for Drug Statistics Methodology.
Purpose of the ATC/DDD system. Accessed June 8, 2021.
https://www.whocc.no/atc_ddd methodology/purpose of
the atc_ddd_system/

GLASS. Global ATM Resistance and Use Surveillance
System (GLASS) manual on the management of ATM con-
sumption data. 2020. Accessed June 1, 2021. https://www.
who.int/publications/i/item/9789240010192

European Centre for Disease Prevention and Control (ECDC).
European Surveillance of Antimicrobial Consumption
Network (ESAC-Net). https://www.ecdc.europa.cu/en/about-
us/partnerships-and-networks/disease-and-laboratory-net-
works/esac-net

Mendelson M, Dar OA, Hoffman SJ, Laxminarayan R,
Mpundu MM, Rettingen JA. A global antimicrobial conser-
vation fund for low- and middle-income countries. Internet J
Infect Dis. 2016;51:70-72.

Iskandar K, Molinier L, Hallit S, et al. Surveillance of
antimicrobial resistance in low- and middle-income coun-
tries: a scattered picture. Antimicrob Resist Infect Control.
2021;10:63.


https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://www.who.int/pmnch/media/news/2011/20110407_who_whd/en/
https://www.who.int/pmnch/media/news/2011/20110407_who_whd/en/
https://www.paho.org/hq/dmdocuments/2014/2014-cha-tag-antimicrobial-resistance-ipc.pdf
https://www.paho.org/hq/dmdocuments/2014/2014-cha-tag-antimicrobial-resistance-ipc.pdf
https://www.paho.org/hq/dmdocuments/2014/2014-cha-tag-antimicrobial-resistance-ipc.pdf
https://apps.who.int/iris/bitstream/handle/10665/255747/9789241512411-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/255747/9789241512411-eng.pdf?sequence=1
https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_july2018_newyork.pdf
https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_july2018_newyork.pdf
https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_july2018_newyork.pdf
https://www.who.int/medicines/areas/rational_use/WHO_AMCsurveillance_1.0.pdf
https://www.who.int/medicines/areas/rational_use/WHO_AMCsurveillance_1.0.pdf
https://www.who.int/publications/i/item/9789241509763
https://www.who.int/publications/i/item/9789241509763
https://onehealthejp.eu/jip-orion/
https://ec.europa.eu/health/system/files/2020-01/amr_2017_action-plan_0.pdf
https://ec.europa.eu/health/system/files/2020-01/amr_2017_action-plan_0.pdf
https://ec.europa.eu/health/system/files/2020-01/amr_2017_action-plan_0.pdf
http://www.euro.who.int/en/health-topics/disease-prevention/antimicrobial-resistance/surveillance/central-asian-and-european-surveillance-of-antimicrobial-resistance-caesar
http://www.euro.who.int/en/health-topics/disease-prevention/antimicrobial-resistance/surveillance/central-asian-and-european-surveillance-of-antimicrobial-resistance-caesar
http://www.euro.who.int/en/health-topics/disease-prevention/antimicrobial-resistance/surveillance/central-asian-and-european-surveillance-of-antimicrobial-resistance-caesar
http://www.euro.who.int/en/health-topics/disease-prevention/antimicrobial-resistance/surveillance/central-asian-and-european-surveillance-of-antimicrobial-resistance-caesar
https://www.who.int/initiatives/glass/glass-amc-module
https://www.who.int/initiatives/glass/glass-amc-module
https://apps.who.int/iris/bitstream/handle/10665/341666/9789240027336-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/341666/9789240027336-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/341666/9789240027336-eng.pdf?sequence=1&isAllowed=y
https://www.cddep.org/wpcontent/uploads/2017/06/swa_edits_9.16.pdf
https://www.cddep.org/wpcontent/uploads/2017/06/swa_edits_9.16.pdf
https://aware.essentialmeds.org/groups
https://www.whocc.no/atc_ddd_methodology/purpose_of_the_atc_ddd_system/
https://www.whocc.no/atc_ddd_methodology/purpose_of_the_atc_ddd_system/
https://www.who.int/publications/i/item/9789240010192
https://www.who.int/publications/i/item/9789240010192
https://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/esac-net
https://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/esac-net
https://www.ecdc.europa.eu/en/about-us/partnerships-and-networks/disease-and-laboratory-networks/esac-net

Marin et al

31.

32.

Jayatilleke K. Challenges in implementing surveillance
tools of high-income countries (HICs) in low middle
income countries (LMICs). Curr Treat Options Infect Dis.
2020;12:191-201.

Smith PC, Anell A, Busse R, et al. Leadership and gover-
nance in seven developed health systems. Health Policy.
2012;106(1):37-49.

33.

34.

World Health Organization. Strengthening Health System
Governance: Better Policies, Stronger Performance. World
Health Organization. Regional Office for Europe; 2016.
Seale AC, Gordon NC, Islam J, Peacock SJ, Scott JAG. AMR
surveillance in low and middle-income settings — a roadmap
for participation in the Global Antimicrobial Surveillance
System (GLASS). Wellcome Open Res. 2017;2:92.



