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LIST OF ACRONYMS

GC: 3rd generation cephalosporins

ANSM: National Agency for the Safety of Medicines and Health Products

ATC: Anatomical Therapeutic Chemical (Classification)

ESBL: Extended-spectrum beta-lactamase

Box HN: Bacteria resistant to penicillins, cephalosporins, and carbapenems

CClin-Est: Coordination Center for the Fight against Nosocomial Infections

CHT: Territorial Hospital Center

DASS-NC: Department of Health and Social Affairs of New Caledonia

DDD: Defined Daily Dose

DOM: Overseas Department

E.coli: Escherichia coli

E.coli: Enterococcus cloacae

EHPAD: Accommodation establishment for dependent elderly people

EPC: Carbapenemase-producing Enterobacteriaceae

ERG: Enterococcus resistant to glycopeptides

STI: Sexually Transmitted Infections

HD: Hospital day

K.pneumoniae: Klebsiella pneumoniae

LMIC: Low- and Middle-Income Countries

NC: New Caledonia

WHO: World Health Organization

PICT: Pacific island countries and territories

MRSA: Methicillin-resistant Staphylococcus aureus

VRE: Vancomycin Resistant Enterococci
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ABSTRACT
Introduction
Antibiotic resistance is the phenomenon of bacteria becoming resistant to the action of

antibiotics. This could lead in the next few years to the death of thousands of people, as a

result of simple infections. To monitor this phenomenon of antibiotic resistance, surveillance

networks have existed for several years in mainland France. In New Caledonia, responsibility

for health fall within the jurisdiction of local institutions. The responsibility of the competent

authorities is therefore to establish an inventory of the phenomenon of antibiotic resistance,

and to assess whether the public policies put in place have been effective in their actions.

Methods
Antibiotic consumption and bacterial resistance data were collected in community and

hospital settings, in the private and public sectors. They were mostly declarative, but some

data were collected through a pre-existing monitoring network. The impact of the

implementation of public health actions has been assessed on the phenomenon of antibiotic

resistance.

Results
Antibiotic consumption overall is higher in New Caledonia than in mainland France.

Excessive consumption of antibiotics appears to be positively correlated with antibiotic

resistance.

The hospital department generating the greatest number of resistances is surgery.

The consumption profiles are similar to other Pacific islands: this makes it possible to argue

in favor of the misuse of penicillins.

Targeted antibiotic resistance issues have been successfully addressed by the competent

authorities in a collaborative manner.

Discussion and conclusion
The consumption of antibiotics in New Caledonia is too high, which seems to be correlated

with antibiotic resistance.

Aberrant levels of consumption and resistance having been noticed at the CHT, further

investigations would be necessary to determine whether this is linked to misuse or to an

epidemic context, thanks to monthly data, and thanks to interviews with prescribers.
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INTRODUCTION

Antibiotic resistance
Antibiotic resistance is the phenomenon of bacteria becoming resistant to antibiotics.

Bacteria exposed to antibiotics evolve and develop defense mechanisms that allow them to

escape their action. This phenomenon affects both the bacteria that cause infections

(pathogenic bacteria) and the generally harmless bacteria that are naturally present on our

body (so-called commensal bacteria), in animals (pets or food production) and in our

environment. When resistance has developed in one or other of these bacterial species, it

can be transmitted to other species, and thus contribute to the spread of this phenomenon.

Antibiotics thus become ineffective and can no longer treat us against infections caused by

resistant bacteria. The extensive and repeated use of antibiotics in human and animal health

is responsible for the increase in bacterial resistance to antibiotics, raising fears of

increasingly frequent therapeutic impasses. [1]

Antibiotic resistance has gradually developed and now affects all pathogenic bacteria. It

mainly results [2] from the repeated administration of antibiotics in humans or animals which

creates conditions, called “selection pressure” that privileges the acquisition and

dissemination of antibiotic-resistant strains. Today, new molecules are rare and it is

sometimes difficult, if not impossible, to treat certain infections.

Antibiotic resistance can result from several mechanisms:

● Production of an enzyme that modifies or destroys the antibiotic

● Modification of the antibiotic target

● Waterproofing of the membrane of the bacteria

Some bacteria are naturally resistant to antimicrobials. More concerning, acquired resistance

refers to the appearance of resistance to one or more antibiotics in a previously susceptible

bacterium. These resistances can arise via a genetic mutation affecting the bacterium's

chromosome, or be linked to the acquisition of foreign genetic material (plasmid, transposon)

carrying one or more resistance genes from another bacterium. [3]

Antibiotic resistance is not a new phenomenon. Alexander Fleming, scientist at the origin of

the discovery of penicillin, was one of the first to warn about this problem, foreseeing the

threat linked to a bad use of the molecule. History proves him right, since the first
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multi-resistant bacteria (BMR) appeared in the 1970s, while highly resistant bacteria (BHRe)

appeared in the 2000s. [4]

Figure 1: Story of antibiotic resistance

The consequences of the ineffectiveness of antibiotics are multiple:

● Longer and more difficult to treat illnesses;

● Complications of the disease;

● Additional medical consultations;

● Use of more powerful and more expensive drugs to achieve treatment;

● Higher risks during medical interventions, for which antibiotics are essential to reduce

the risk of infection;

● Deaths caused by previously easily treatable bacterial infections.

Bacteria that have become resistant to antibiotics are found in most infections such as skin

infections, meningitis, sexually transmitted infections, urinary tract infections or respiratory

tract infections such as pneumonia [5].

In France, antibiotic resistance causes 5,543 deaths per year in patients with resistant

bacteria infections and 124,806 patients develop an infection linked to a resistant bacteria,

according to a study by the European Center for Disease Prevention and Control (ECDC). A

recent article estimates that almost 1.3 million deaths are attributable to antibiotic resistance

in the world in 2019. [6] In addition to the cost in human losses, the financial cost of care for
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society would amount to more than 1.5 billion euros in Europe and more than 100,000 billion

dollars worldwide. [7]

Conceptual framework
New Caledonia is a French archipelago located in the South Pacific region, 1200 kilometres

east of Australia. [8] A little less than 300,000 inhabitants live in three different provinces:

Province Sud, Province Nord, and Province des Iles Loyauté. [9] Nearly two-thirds of the

inhabitants live close to the capital city, in the Wide-Noumea area. There are 344 physicians

in New Caledonia.

Regarding establishments for the elderly, 16 establishments comprising nearly 627 beds are

currently in operation, distributed mainly in the Wide-Noumea area.

In the public sector, there are two biomedical analysis laboratories: one at the Centre

Hospitalier Territorial (CHT) Gaston Bourret (activities in biochemistry, hemostasis, anatomy

and pathological cytology) which is the reference laboratory in microbiology for the territory;

the other at the Centre Hospitalier du Nord, which develops a multi-purpose activity on the

two hospital sites, Koumac and Poindimie. In the private sector, 15 medical analysis

laboratories are approved in the liberal sector: eight in Noumea, two in Dumbea, two in

Mont-Dore, one in Païta, one in Bourail and one in Kone. [10]

Specificities of the territory in its fight against antibiotic

resistance
New Caledonia is not spared by this global worldwide epidemic. It is an overseas collectivity

with a special status, since it benefits from shared sovereignty and partial autonomy. This

autonomy concerns health in particular: the French public health code is not enforceable, the

territory is therefore competent to legislate and regulate in this area. [11]

However, this excludes this territory from most existing antibiotic resistance monitoring

programs in mainland France. The only estimate of antibiotic resistances is made thanks to

the CHT, the territorial hospital centre of New Caledonia. It therefore concerns only one out

of the six hospital facilities in the territory (see APPENDIX 1), and does not take into account

the resistance encountered among the community or in EHPADs. In addition, since the data

collection methods are not standardized with other establishments, it is impossible to make

correct and valid comparisons.
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Consequently, the health and research agencies must investigate themselves in order to

evaluate the consumption of antibiotics, the levels of resistance observed, and the impact of

the public health measures taken to solve  this problem: this is the subject of this thesis.
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OBJECTIVES

Main objective
Estimate whether public health policies have an impact on the consumption of antibiotics and

the level of resistance observed in the territory.

Secondary objectives
● Make an inventory of antibiotic consumption in New Caledonia

● Determine the type and number of resistances observed in New Caledonia

● Determine how New Caledonia ranks in its consumption of antibiotics, compared with

mainland France

● Establish comparisons with other Pacific islands in order to find territorial specificities

● Determine if the regulations put in place so far are effective on antibiotic resistance
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METHODS

Care offer
New Caledonia has three public hospitals and one private clinic. These establishments fall

under the jurisdiction of the DASS-NC, which is in charge of health competence in the

territory. The Gaston-Bourret Territorial Hospital Centre (CHT) is the reference hospital of the

archipelago. All high-tech treatments are performed in this establishment. It includes 645

beds, 12 operating rooms, medicine, surgery and intensive care units. It lists approximately

40,000 hospitalizations per year. The Albert Bousquet Specialized Hospital Center (CHS)

has a total of 100 beds for psychiatric patients, and 80 beds reserved for gerontology. In

addition, the Centre Hospitalier du Nord (CHN) has 63 beds and the private clinic

Kuindo-Magnin, 270 beds. Finally, the Aftercare and Rehabilitation Center (CSSR) has 85 full

hospital beds. [12]

Manual data collection
Data were collected manually, in a declarative way. Indeed, the data collection system on

antibiotic resistance is very incomplete in New Caledonia. Only the Gaston-Bourret Territorial

Hospital Centre is part of the ConsoRes antibiotic consumption and bacterial resistance

network. This is a tool developed by the CClin-Est allowing for healthcare establishments to

adapt their policy for the proper use of antibiotics by collecting and cross-monitoring

antibiotic consumption, and bacterial resistances.

ConsoRes also enalbing automatic export of data to national monitoring databases

(ATB-raisin). As a result, the use of this tool is articulated with the collection of the national

ICATB indicator. [13] Other data were obtained asking who could fill in Excel tables. These

tables were sent to people who were able to provide antibiotic consumption data (by ATC

class), as well as some bacterial resistance data.

The classes of antibiotics studied are: tetracyclines, phenicols, penicillins, other

beta-lactams, sulfonamides, macrolides, lincosamides and streptogramins, antibacterial

aminoglycosides, antibacterial quinolones, combinations of antibacterials, as well as

rifampin, oral imidazoles, and fidaxomicin. Only systemic antibiotics (ATC class J01) were

investigated, with the exception of fusidic acid, the topical consumption of which was also

analyzed.
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In terms of bacterial resistance, it is sought:

● Number of strains of S.aureus isolated from blood cultures

● Number of strains of S.aureus isolated from superficial pus

● Number of strains of S.aureus oxa-R isolated from blood cultures

● Number of strains of S.aureus oxa-R isolated from superficial pus

● Number of strains of E. faecium isolated from blood cultures

● Number of E.faecium vanco-R strains isolated from blood cultures

● Number of strains of K.pneumoniae resistant to third generation cephalosporins

(ATC class J01DD)

● Number of K.pneumoniae strains isolated from blood cultures

● Number of strains of K.pneumoniae resistant to carbapenems (ATC class J01DH)

isolated from blood cultures

● Number of enterobacteriaceae resistant to carbapenems (ATC class J01DH)

Excel tables including the different municipalities of New Caledonia accompanied by an

explanatory electronic message containing the ins and outs of the project and instructions

regarding data were sent to the private medical biology laboratories (see APPENDIX 3 and

4), in order to establish a map of the resistances observed (based on the address of the

patients).

They were asked to provide the following data:

● Number of E.coli strains isolated from urine

● Number of strains of K.pneumoniae isolated from urine

● Number of E.cloacae strains isolated from urine

● Number of E.coli strains isolated from urine resistant to 3rd generation

cephalosporins (C3G)

● Number of E.coli strains isolated from urine resistant to fluoroquinolones

● Number of strains of E.coli, K.pneumoniae, and E.cloacae resistant to carbapenems

These figures will allow us to obtain:

● The proportion of E.coli resistant to 3rd generation cephalosporins in urine in the city

● The proportion of E.coli resistant to fluoroquinolones in urine in the city

● The proportion of E.coli, K.pneumoniae and E.cloacae resistant to carbapenems in

urine in the community

These data only concern patients at home, and not patients in EHPADs.

In this way, they are comparable with those obtained in the detailed table of impact indicators

of the 2022-2025 national strategy for the prevention of infections and antibiotic resistance.
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These data use those of Géodes, the cartographic observatory of epidemiological indicators

produced by Public Health France. The data presented there comes from numerous specific

surveillance systems, the SurSaUD® syndromic surveillance system, epidemiological

surveys in the general population and databases from the National Health Data System

(SNDS). [14]

Similar messages, with Excel tables showing the different consumptions of the

above-mentioned antibiotic classes, to be filled in according to the years and to be

distributed according to the different units and with a table where to fill in different bacterial

resistances were sent to the Territorial Hospital Center Gaston-Bourret (CHT), Aftercare and

Rehabilitation Center (CSSR), Northern Hospital Center (CHN), Albert-Bousquet Specialized

Hospital Center (CHS) (see APPENDIX 5, 6, 7 and 8). No message was sent to the

Kuindo-Magnin private clinic.

In terms of bacterial resistance, it was sought:

● Number of strains of S.aureus isolated from blood cultures

● Number of strains of S.aureus isolated from superficial pus

● Number of strains of S.aureus oxa-R isolated from blood cultures

● Number of S.aureus oxa-R strains isolated from superficial pus

● Number of strains of E. faecium isolated from blood cultures

● Number of E.faecium vanco-R strains isolated from blood cultures

● Number of strains of K.pneumoniae resistant to C3G (ATC class J01DD)

● Number of K.pneumoniae strains isolated from blood cultures

● Number of strains of K.pneumoniae resistant to carbapenems (ATC Class J01DH)

isolated from blood cultures

● Number of enterobacteriaceae resistant to carbapenems (ATC class J01DH)

In addition, the elderly are a very important part of the population to target, because of their

often high antibiotic consumption compared to the general population: this is why an even

different table was sent to the coordinating doctors of EHPADS, so that they can fill in the

data corresponding to the consumption of antibiotics, and the resistance observed in this

section of the population. Unlike previous targets, responsible persons were not asked to

provide this information, but physicians, because that it is impossible to obtain antibiotic

resistance and antibiotic consumption data for this single population without having access to

confidential data (see ANNEX 9 and 10).
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Finally, in order to obtain the consumption of antibiotics by municipality as well, a table listing

the different classes of antibiotics previously exposed was sent to the two pharmaceutical

wholesalers present in the territory, namely GPNC and Unipharma (see ANNEX 11 and 12 ).

Data Privacy
The management of confidential data was supervised by the data protection officer of the

General Secretariat of the Government of New Caledonia.

The data collected is confidential and is subject to Regulation (EU) 2016/679 of the

European Parliament and of the Council of April 27, 2016 on the protection of confidential

data.

Comparison with mainland France
If the data obtained in New Caledonia comes directly from the heads of structures or health

professionals, the data comes from well-defined networks and databases in mailand France:

● ANSM data: The data come from the sales declarations that pharmaceutical

companies send each year to the ANSM. These mandatory declarations, provided for

in Article L 5121-18 of the Public Health Code, relate to all the specialties marketed in

France (metropolitan France + DOM), whether or not they are reimbursable. These

are exhaustive data and therefore do not require any extrapolation. They are

indicated in this report by the mention “source: ANSM”.

● IMS-HEALTH EPPM data. These are panel data from the Permanent Medical

Prescription Sample (EPPM). The EPPM is a quarterly study on the diseases and

prescription habits of general practitioners and specialists in liberal activity (at least

50%). Its panel is made up of a representative sample of 1180 general practitioners

or specialists, whose measured activity is extrapolated. The data it contains therefore

relate exclusively to prescriptions made in the city. In particular, they make it possible

to associate a diagnosis with a pharmaceutical prescription and to know the main

characteristics of the patient (age and sex in particular). Prescription durations and

co-prescriptions are also available. The extractions and treatments were carried out

by the ANSM and are therefore under its sole responsibility. These data are indicated

in this report by the mention “source: IMS-Health – EPPM (ANSM processing)”.
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● OPEN-MEDIC data. The Open Medic public data offer is made up of a set of annual

databases, relating to drugs dispensed in city pharmacies (Metropolis + Overseas

regions and departments) and subject to reimbursement by a health insurance

scheme. The data used here come from the Complete Base on Inter-Plan Medication

Expenditures (Sniiram), making it possible in particular to break them down according

to the region of residence of the beneficiary. The extractions and treatments were

carried out by the ANSM and are therefore under its sole responsibility. These data

are indicated in this report by the mention “Source: Open Medic (ANSM processing)”.

● European data from ECDC. These are data published by the European Center for

Disease Prevention and Control (ECDC), as part of the ESAC-NET network. These

are data, expressed in number of DDDs, transmitted by each country participating in

this network: their source may therefore vary. In some countries, reimbursement data

is provided, but in others, such as France, it is sales data. These data are generally

exhaustive but sometimes give rise to extrapolations. Finally, some countries cannot

dissociate ambulatory consumption from hospital consumption and therefore transmit

overall results.

Data standardization
In order to obtain the most comparable data possible between New Caledonia, mainland

France and the other Pacific islands, the data was collected in the same way as those

obtained in the indicators provided by the Ministry of Solidarity and Health.

Methodology for calculating the quantity of doses
The antibiotic consumption data used for this collection have been converted into the number

of Defined Daily Doses (DDD). Established under the aegis of the WHO Collaborating Center

for Drug Statistics Methodology, the DDD constitutes a reference dosage for a 70 kg adult in

the main indication of each molecule. It is a standard of measurement, which does not

constitute a dosage. The use of DDJs thus eliminates the difficulties of measurement linked

to the heterogeneity of the packaging sizes and dosage of the drugs marketed. It is

calculated by multiplying the amount consumed by the unit dosage, and dividing it by the

WHO DDD. To take into account population differences from one country to another, the

number of DDDs is divided by the total number of inhabitants (including children). By

convention, the results are presented per thousand inhabitants and per day (DDD/1000H/D).

This indicator therefore makes comparisons possible and makes it possible to calculate,
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where appropriate, an average international consumption. The version of the ATC

classification used is that of January 2016 and all calculations have been made on this basis.

When the medicinal product is composed of two active substances, the calculation rules set

by the WHO for the combinations have been used. For this report, only antibiotic substances

classified in class J01 have been retained. [15]

Fusidic acid: Only oral preparations in ATC group “D” relating to dermatology receive DDDs.

Most of the products in this group are for topical use and no DDD is assigned because the

amount administered per day can vary widely depending on the intensity and distribution of

the disease. The consumption figures for these dermatological preparations can be

expressed in grams of preparations regardless of their dosage.

Amoxicillin/Clavulanic acid: When establishing DDDs for combination products, both

components are considered, using a list of DDDs for combination products available on the

WHO website.

DDDs for anti-infectives are generally based on use in infections of moderate severity.

However, some anti-infectives are only used in severe infections and their DDDs are

assigned accordingly. DDDs assigned are based on daily processing. The length of the

treatment periods is not taken into consideration. For anti-infectives given at a high initial

dose followed by a lower "maintenance" daily dose, the DDDs are based on the

"maintenance" dose if the total duration of treatment is greater than one week. If, however,

the duration of treatment is seven days or less, DDDs are assigned based on the average

daily dose, i.e. the total dose of treatment divided by the number of days of treatment (e.g. ,

azithromycin).

The DDD is only one example of indicators used to monitor the use of antibiotics, but there

are others: the number of individuals exposed (or newly exposed) per unit of time, or the

number of treatments (or new treatments) per unit of time. These data can be evaluated via

the cost, the number of units, or the number of prescriptions. The major problem in these

calculation methods is that the values   can vary between regions and countries over time.

This limits comparisons of drug consumption at the international level. The DDD allows

comparisons of drug consumption between different populations. It is this indicator that was

retained by the European Antibiotic Consumption Monitoring Program (ESAC). [16]
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ATC classification
These antibiotics are classified by ATC classes. The Anatomical, Therapeutic and Chemical

Classification System - commonly known as the ATC classification - is used to classify drugs.

It is controlled by the Collaborating Center for Drug Statistics Methodology of the World

Health Organization. The ATC classification is based on five classification levels which

correspond to the target organs (or organ systems), and to the therapeutic, pharmacological

and chemical properties of the different products. The general form of the code for a

molecule is LCCLLCC, where L represents a letter and C a number (example: A01AA01).

Each letter and each doublet of digits represents a successive level.

The first level (first letter) defines the anatomical group among 14 different ones. The second

level (first two digits) gives the main pharmacological or therapeutic subgroup. The third and

fourth levels (second and third letters) correspond to chemical, pharmacological or

therapeutic subgroups. The fifth and last level (last two digits) indicates the chemical

substance.[17]

Construction of the database for the DDDs
In order to calculate these DDD, it was necessary to have a database enabling to have the

DDD for each box of medicine, and this for each systemic anti-infective of the ATC J01 class.

Public Health France is undoubtedly in possession of this database: I therefore contacted

them in order to have access to it or at least to validate my calculations, and thus to avoid

having biased results. Unfortunately, Santé Publique France did not respond to my requests.

So I created the databases myself.

Thanks to the Guide for a method of calculating the consumption of antibiotics in health

establishments and in the city (2006 version) [18] and thanks to the ATC/DDD index of the

WHO [19] , we were able to put, for each reference, thanks to level 5 ATC codes, the DDDs

for each molecule. Then, you have to go see the drug's instructions on an official government

site, the Public Drug Database. [20] This is an administrative and scientific database on the

treatment and proper use of health products which is implemented by the National Agency

for the Safety of Medicines and Health Products (ANSM), in liaison with the High Authority for

Health (HAS) and the National Union of Health Insurance Funds (UNCAM), under the aegis

of the Ministry of Social Affairs and Health. It allows for the general public and health

professionals to access data and reference documents on drugs marketed or having been

marketed during the last three years in France. This notice made us able to know the
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number of units per box, but also the quantity of product per unit. Thus, by multiplying the

number of units in the product, by the quantity of active substance per unit, we can have the

total quantity of the antibiotic concerned and divide this quantity by the value of the DDD in

grams for this same antibiotic. [21]

This DDD has its limits: in fact, it alone does not provide information on the number of people

exposed during the period. It is therefore difficult to interpret to materialize the importance of

exposure to antibiotics outside the context of geographical or temporal comparisons (for

example, the case of healthcare teams or working groups in charge of usage policies).

antibiotics in hospitals). Nevertheless, this unit behaves quite correctly to establish

spatio-temporal comparisons between exposure to antibiotics and rates of resistance to

antibiotics. In addition, it makes it difficult to interpret comparisons when the doses or

durations actually prescribed vary according to the populations. For example, pediatric DDDs

do not exist, comparisons based on population age distributions are therefore impossible, so

adult DDDs will have to be used. Another example is the variation in the effective dosage for

the same indication, which can easily distort the results by giving the impression that there

are many more people treated. Finally, the contents of the boxes are not always completely

consumed since the size of the boxes does not necessarily correspond to the standard

dosage.

In healthcare establishments, boxes delivered by pharmacies for internal use are generally

considered to be consumed in clinical departments, which is not necessarily the case

(departures, department transfers, treatment changes, etc.). This is all the more true since

the data obtained is essentially declarative, and essentially based on sales volumes and not

individual consumption, adding bias to the results obtained.

It should also be specified that:

● In the case of associated forms of antibiotics, when an association includes two

antibiotics, each can have a selection action on the bacteria. It will then be necessary

to dissociate these 2 antibiotics and take into account the 2 respective DDDs. For

sulfonamides in combination, two cases arise. Either it is an association with

trimethoprim, in which case the WHO has already proposed a DDD , or it is not the

case, and it is then sufficient to take into account the DDD of the sulfonamide present

in the combination. For combinations comprising an antibiotic and an associated

inhibitor, if no DDD is proposed by the WHO, only the DDD of the antibiotic will be

taken into account.
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It is exceptional that there is no DDD for an antibiotic. Nevertheless, in the absence of DDD,

it is not possible to take into account the antibiotic concerned for the moment (new

calculation methods will be developed in the years to come). [16]

Antibiotic resistance
Three different methods exist to assess resistance to antibiotics: it is the number of "tests"

carried out, i.e. the test of the sensitivity of the bacterial strain to the antibiotic(s) ( s), the

percentage of resistance, which together calculates the number of resistant and intermediate

strains, and divides it by the total number of strains; and the incidence, which adds the

number of resistant and intermediate strains, and divides them by the number of hospital

days multiplied by 1000.

Here, the method chosen to assess antibiotic resistance is percentage resistance. It has the

advantage of including intermediate and resistant strains in the "resistant" category, and

given that I was unable to get the number of hospital days from the CHT, it is the only reliable

indicator that it was possible to use.

ConsoRes
ConsoRes is a network tool for listing antibiotic consumption and bacterial resistance in

hospitals in mainland France and the overseas departments and territories.[13] In 2017,

1,681 establishments were part of this network. [21] On the ConsoRes website, I was only

authorized to access data from the CHT Gaston-Bourret establishment. This prevented me

from making certain comparisons with metropolitan hospitals. Nevertheless, I was able to

collect and compare certain data thanks to presentations and articles produced by the

pharmacist-biologist of the CHT, Julien Colot. The data had to be filled in according to the

functional unit, which is the key to all the data in ConsoRes. There had to be at least one

functional unit per sector of activity (surgery, intensive care, etc.).
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Statistical analysis
The data collected relates to the year 2019, 2020, 2021 and the first quarter of 2022. This

choice was made because the most recent data is the easiest to obtain. CHT Gaston-Bourret

is an exception to this rule, as its data has been listed on ConsoRes since 2017.

The number of data points is therefore 4, which is low. It can even go down to 3, because the

CHT only lists its antibiotic consumption annually. This is too little to carry out trend analyzes

or valid correlations. Nevertheless, this allowed for feedback from pharmaceutical

wholesalers, medical biology laboratories, EHPADs and hospitals. As this data has to be

extracted manually (with the exception of the CHT Gaston-Bourret), the prospect of having to

extract a lot of data can be daunting, which would not have allowed me to obtain timely

feedback. Furthermore, all trends taking into account the “1st quarter 2022” point must be

judged with caution, as the result cannot be considered comparable to the other annual

points: it can only be used for an estimate.

Statistical analyses, when possible, were performed using XLSTAT software version 2022.3.

The evolution of resistance rates was studied with a Cochran-Armitage test. The tests were

chosen 2-sided, and the cutoff p-value was 5% for the result to be considered significant.
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RESULTS

In community
With an estimated population of 271,960 in 2020, the total DDDs for each ATC 3 class have

been calculated for the years 2019, 2020, 2021, and for the 1st quarter of 2022.

This gives an overall consumption in DDD of all antibiotics dispensed in community

pharmacies per 1,000 inhabitants per day.

We did not obtain a response from the coordinating doctors of EHPADs, and therefore the

analyzes relating thereto could not be provided.

Antibiotic consumption
Here are the results of the consumption of systemic antibiotics in New Caledonia for 2019.

Figure 2: Distribution of the consumption of systemic antibacterials (ATC group J01) in 2019)

For the sake of readability, the very little used ATC classes, namely the combination of

antibacterials (J01R), aminoglycosides (J01G) and other antibacterials have been grouped

into a single class: the other substances of class J01. This presentation follows the one put

forward by the ECDC in the presentation of its results.

In order to compare the consumption trend over the years with France, a stacked histogram

is produced.
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Figure 3: Trend of the consumption in the community (primary care sector) of ATC group J01 in New Caledonia

We can thus analyze consumption in the city of New Caledonia, and compare it with that provided

by the ECDC for France (see APPENDIX 13). We quickly see that the consumption profiles are

quite similar.

In terms of quantities consumed, the quantities are greater in Caledonia: in 2019, they were 37.17

DDD/1000 inhabitants per day compared to 23.34 in France, and 30.29 DDD/1000 inhabitants in

New Caledonia in 2020 compared to 18.10 in France.

It can be seen that the group of antibiotics most consumed is that of beta-lactams and penicillins,

while that of sulfonamides and trimethoprim, which is poorly represented, is increasing in its

consumption from year to year.

Resistors Listed

Regarding resistance to antibiotics in the city, only nine laboratories out of the 14 questioned

provided an answer. Among these laboratories, all belong to the Calédobio group. In this group the

results arrived centrally for the groups Bioclinic SELAS, Biocal SELAS, Central SELAS Laboratory,

on 3 different Excel files containing different information; and on a single file for the Biobrousse

SELARL group. This information has been separated into several files because the computer

system changed in 2021 for the Calédobio group.
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For the period from 2019 until the end of the 1st quarter of 2022, 12557 strains of E.coli from urine

samples were isolated, 2021 from K.pneumoniae, and only four from E.cloacae. The proportion of

E.coli resistant to third-generation cephalosporins is between values   of 3.28% during the first

quarter of 2022, and 6.00% in 2020; the proportion of E.coli resistant to fluoroquinolones varies

between 13.20% during the first quarter of 2022 and 17.18% in 2020; finally, the proportion of

E.coli, K.pneumoniae and E.cloacae is between zero in the first quarter and 0.04% in 2021.

Proportion of E.coli
resistant to 3GC

Proportion ofE.coli
resistant to

fluoroquinolones

Proportion ofE.Coli/
K.pneumoniae/

E.cloacae resistant tp
carbapenems

2019 4,43% 16,86% 0,03%

2020 6,00% 17,18% 0,02%

2021 4,45% 15,69% 0,04%

1st T 2022 3,28% 13,20% 0,00%

Comparison with France

For comparison, E.coli resistant to 3rd generation cephalosporins was 3.40% in France in 2019

versus 4.43% in NC, and 3.3% in 2020 in France versus 6.00% in NC . Similarly, 16.86% of E.coli

were resistant to fluoroquinolones in NC in 2019, versus 11.4% in France, while this represented

17.18% in NC in 2020 versus 11.8% in France. [22] Nevertheless, given that the data relating to

metropolitan France are not available for a period after 2020, and that the data relating to the NC

are not available for a period prior to 2019, the comparability of these data is limited.
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Figure 4: Evolution of bacterial resistances to C3G and fluoroquinolones in the primary care sector in France
and New Caledonia

Regarding the resistance of E.coli, K.pneumoniae and E.cloacae to carbapenems, the values   in

mainland France are less than 0.5%, and the NC is below this limit value.

Figure 5: Evolution of bacterial resistances to carbapenems in primary care sector in France and New Caledonia

Correlation between resistance and antibiotic

consumption in the city

E. coli resistance data to 3rd generation cephalosporins and fluoroquinolones compared to

antibiotic consumption data in the community seem to indicate a correlation between the decrease
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in consumption of the fluoroquinolone and C3G classes of antibiotics and the resistances

associated with it.

Figure 6: E.coli resistance to C3G and fluoroquinolones in primary care sector in New Caledonia

Regarding carbapenem resistance, the low number of carbapenem resistances of E.Coli, K.

pneumoniae and E.cloacae strains (one in 2019, one in 2020 and two in 2021) does not allow any

valid comparison.

In health facilities

Data from health establishments was collected only via feedback from CHT Gaston-Bourret; the

CHS Albert Bousquet did not respond, the Center for Aftercare and Rehabilitation did not respond,

and the CHN replied that it could not provide the data in the time allowed.

The table summarizing the consumption of antibiotics follows the one proposed in the Guide for

monitoring the use of antibiotics in the community and in health establishments. [16]

Antibiotic consumption
Compared to the other establishments participating in the ConsoRes network, the CHT is among

the establishments consuming the most antibiotics (765 DDD/1000 JH excluding anti-tuberculosis

drugs, in 2021). It is nevertheless slightly less than in 2020 (787 DDD/1000 DH excluding

anti-tuberculosis).

27



Figure 7: Antibiotic consumption of the CHT compared to other ConsoRes network's hospitals in 2021

The total antibiotic consumption of the CHT has remained relatively stable since 2017.

Figure 8: Evolution of the antibiotic consumption in the CHT Gaston-Bourret

Antibiotic resistance
Antibiotic resistance in healthcare establishments is only representative of the main healthcare

establishment in the territory, the CHT Gaston-Bourret, which makes it difficult to extrapolate to the

whole territory. In addition, the limited number of years, and the low number of resistances

observed is an obstacle to obtaining reliable and significant data. These data must therefore be

treated with the utmost care.

Furthermore, I was unable to obtain from the CHT Gaston-Bourret the number of days of

hospitalization: consequently, the incidence densities could not be calculated, in order to compare

them with metropolitan France (density of incidence of MRSA/1000 JH, incidence density of

C3G-resistant K.pneumoniae/1000 JH, incidence density of all enterobacteriaceae resistant to

carbapenems/1000 JH).
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A paradoxical case: Resistance in the surgery department
By compiling the data of several resistances per department, it appears that the surgery

department is the one with the most resistance.

We see that there is a total absence of data for psychiatry and long-term care services: this is due

to the fact that these services do not exist at the CHT, since specific structures already exist

elsewhere.

Figure 9: Combined resistances (S.aureus oxa-R, E.faecium vanco-R, K.pneumoniae C3G resistance,
K.pneumoniae carbapenems resistance, enterobacteria carbapenem-resistance) in all departments

Figure 10: Antibiotic consumption according hospital's departments

29



By observing more precisely the consumption of antibiotics, we note that surgery is only in second

position among the units consuming the most antibiotics: the service which consumes the most is

that of intensive care.

Even more surprisingly, the majority of antibiotics consumed are penicillins: however, there is no

known cross-resistance between penicillins and the classes of antibiotics involved in the

resistances mentioned above, namely glycopeptides, C3G and carbapenems.

In addition, the resuscitation department, which records a higher consumption of penicillins than

the surgery department (645.7 DDD/DJ in 2019 versus 508.2 DDD/DJ and 523.80 versus 510.7

DDD/DJ) experienced around 5 times less of these resistances than surgery.

In order to develop hypotheses on this anomaly, an audit should be carried out on the prescription

of penicillins in the surgery department.

Figure 11: Antibiotic chemical classes' consumption in Surgery department

Other resistances

Methicillin resistance

Between 2019 and the first quarter of 2022, 3103 strains of Staphylococcus aureus were collected,

and 1194 were identified as resistant to methicillin. The proportion of these resistant strains seems

to decrease over the years.
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In order to be able to compare these data with France, only strains of S.aureus from blood cultures

are counted. This represents 773 strains out of the 3103 analyzed (24.91%) and 226 strains out of

the 1194 resistant (18.93%). Statistical significance therefore decreases, while comparability

increases.

In 2019, this rate was 13.9% in France, while it was 29.4% in NC that same year.

Vancomycin resistance

The resistance data of E.faecium to vancomycin are rather encouraging. Less than 5 strains were

detected via blood cultures between 2019 and 2022, and none were detected resistant. Similarly,

15 healthy vancomycin-resistant E.faecium carriages were detected in 2019, compared to only 4 in

2020 and 24.5 in 2021).

Figure 12: Evolution of MRSA in healthcare institutions in New Caledonia

3GC Resistance

We note that the consumption of C3G does not seem to be correlated with a greater number of

resistances in K.pneumoniae.
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Figure 13: Evolution of K.pneumoniae resistance to C3G in healthcare institutions in New Caledonia

Resistance to carbapenems

Figure 14: Evolution of K.pneumoniae resistance to carbapenems in healthcare institutions in New Caledonia

The proportion of strains resistant to carbapenems in K.pneumoniae isolated from blood cultures in

healthcare establishments is 8.16 in 2019, 13.43 in 2020, before falling to 0.00% in 2020 and 2021.

These significant variations are due to the low number of resistant strains isolated from blood

cultures (four in 2019, nine in 2020, and none in 2021 and during the 1st quarter of 2022). By way

of comparison, this proportion remains stabilized below the 1.00% mark in mainland France.

It is noted that the number of resistances in K.pneumoniae does not seem to be correlated with the

consumption of carbapenems.
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Parallel with other Pacific islands
The other Pacific islands were studied at the level of antimicrobial resistance, in order to provide

comparable data with New Caledonia. The so-called PICTs (Pacific Island Countries and

Territories) represent 22 members of the Secretariat of the Pacific Community, with the exception

of France, Australia, New Zealand, the USA and France. France is compared differentially. These

PICTs share many similarities, starting with their fragmentation and isolation. Relatedly, these

territories are often economically isolated from major markets, and benefit from island economies.

In addition, they are among the most vulnerable territories vis-à-vis climate change and natural

disasters. Finally, most are LMICs.

Figure 15: Map of Pacific Island Countries and Territories. (PICTs)
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Unfortunately, few data, whether in terms of bacterial resistance or antibiotic consumption, exist for

PICTs. Indeed, few studies have been published. [23] The isolates from these studies often come

from the sickest patients, with testing being reserved only for the most extreme cases in settings

where resources are limited: [24] this ultimately results in underestimating the overall infection rate,

but to overestimate antimicrobial resistance rates. Finally, surveillance does not necessarily

concern pairs of antibiotics and the resistance associated with them.

In addition, these data regularly present a lack in terms of quality, since the laboratories

responsible for detecting these bacterial resistances may have a poor quality assurance system,

and they face shortages in terms of equipment and personnel. qualified. [25]

Finally, these data are not always generalizable, which is one of the major concerns for this study:

indeed, few antibiotic resistance estimates have been published over the past five years, and most

were published before 2010. These data mainly represent New Caledonia, Fiji, Papua New

Guinea, and certain demographic groups or sub-groups are over-represented (pediatric

population). Finally, some are totally absent from these studies because they have not been tested

(eg rural populations).

The available data do not allow any comparison concerning the resistance to antibiotics of E.coli

and K.pneumoniae bacteria. [26] Indeed, the data collected at the level of the Western Pacific

region is based on hospital data: the last collected date from 2017, while the recording of

resistance by the Gaston-Bourret CHT began in 2018. Nevertheless , similar consumption profiles

are observed in French Polynesia, also with overconsumption of penicillins where this seems to be

linked to epidemic peaks, and significant misuse. In New Caledonia, the data not being available in

such a precise manner, it is difficult to make assumptions as to the origin of this overconsumption.

However, it is reasonable to think that the causes are similar.

A public policy response on a case-by-case basis

Case study: MRSA and regulation

Staphylococcus aureus is the strain of staphylococcus most frequently encountered in human and

veterinary pathology. It shares with the bacterium Escherichia coli the first rank of germs

responsible for nosocomial infections (infections contracted in the hospital). [27] This

staphylococcus can also produce Panton-Valentine toxin, a leukotoxin responsible for severe skin

and lung infections, with high morbidity. [28]

34



It is a formidable pathogen, which has been able to develop resistance to most antibiotics. The

plasticity of its genome gives it the ability to adapt to all environmental conditions, and in particular

to acquire antibiotic resistance genes and develop regulatory mechanisms to adapt to increasing

concentrations of antibiotics. One of them is resistance to methicillin, which will make it possible to

classify S.aureus into two categories: methicillin-resistant Staphylococcus aureus (MRSA) and the

others. [29]

In New Caledonia, it is the main bacterial species encountered, especially in dermatological

conditions. This spread was originally mainly nosocomial, but over time became community-based.

Figure 16: Proportion of community-acquired MRSA and healthcare-acquired MRSA in healthcare institutions in
New Caledonia

The percentage of MRSA compared to that of S.aureus has increased exponentially since 2012.

This problem concerns New Caledonia but not metropolitan France, which is seeing these figures

drop.

Figure 17: Percentage of MRSA in France and New Caledonia in healthcare institutions
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On the other hand, this problem seems to be shared at the level of the South Pacific region.

Between 2001 and 2010, MRSA represented between 21 and 33.5% of S.aureus. This figure is

lower than that of Papua New Guinea (27.2%) and that of the Samoa Islands (51%). Between 2011

and 2017, a bibliographic analysis listed between 44 and 81% of S.aureus tested for MRSA in

Papua New Guinea, and 24% in the Samoa Islands, [23] when the figures put forward by the CHT

Gaston-Bourret report levels resistances between 15 and 33% over this same period.

Molecular analyzes revealed that most MRSA (83.7%) also produced the Panton-Valentine toxin

which made them virulent, in addition to being resistant. It turned out that most of these virulent

MRSA also possessed resistance to fusidic acid: this forms a clonal complex, which is typical of

New Caledonia.

This problem was not new in the Pacific region, since New Zealand had the same problem about

ten years ago. [29] [30] [31]

By studying these SARMs at the genetic level, Australian researchers discovered that the gene for

resistance to methicillin and fusidic acid are located on the same molecular element. Thus, the use

of fusidic acid would select for fusidic acid-resistant strains, but also result in the co-selection of

MRSA. [32]

This consumption was high in New Caledonia, almost twice as high as that of French Polynesia

[33], an archipelago located 4600 km from New Caledonia, [34] benefiting from substantially the

same environment, with the same climate [ 35] [36] and a similar number of inhabitants [37] [38].

In order to reduce the selection pressure on this New Caledonian clone, and thus to reduce the

percentages of MRSA on the territory, the DASS-NC decided quickly to reduce the use of fusidic

acid. After collegial advice from health professionals, it was decided in 2020 to completely

withdraw fusidic acid from the market (see APPENDIX 14). Good practice recommendations for

healthcare professionals accompanied this marketing suspension. (see APPENDIX 15)
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The results obtained are very positive. The consumption of fusidic acid fell proportionally to the

percentage of MRSA.

Figure 18: Percentage of MRSA and fusidic acid consumption (in units) in healthcare institutions

The risk of such a sudden replacement of this topical antibiotic is the massive transfer to other

molecules, such as mupirocin. Since it is not tested in commercial antibiograms, the latest figures

available are for the year 2019.

Case study: Emerging highly resistant bacteria (BHRe)

Emerging highly resistant bacteria (BHRe) are commensal bacteria of the digestive tract and

resistant to many antibiotics. There are two main groups of (BHRe): vancomycin-resistant

enterococci (ERG) and carbapenemase-producing enterobacteriaceae (EPC).

In general, the percentage of highly resistant bacteria is a good indicator of the level of control of

the problem of antibiotic resistance at the scale of a country. [39]

Carbapenems are a class of beta-lactam antibiotics. This is the class that has the broadest

spectrum of activity. Its use is exclusively hospital, and is used only to treat infections with

multi-resistant bacteria. Carbapenemases are antibiotic-inactivating enzymes. It is a resistance

mechanism that is transmissible and often associated with other resistance genes. This contributes

to the appearance of multi or even toto-resistant strains. This represents a global health risk since

these bacteria are present in many bacterial species, including in the environment. The first patient

carrying this carbapenemase-resistant bacterium dates back to 2013. Today, nearly 150 patients

are colonized or infected, with no travel history for the majority of patients. The plasmid responsible
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for this resistance has been the same since its appearance, and was found to be of Australian

origin. Two EPC outbreaks have occurred, in 2017 and 2018.

ERGs are the second class of BHRe. In New Caledonia, we are more specifically interested in

VRE, enterococci resistant to vancomycin. If the first patient carrying this VRE was detected in

2011, it was not until 2015 that this became a major problem, with the appearance of an epidemic

at the CHT.

Following an initial investigation by the DASS-NC in 2014 on "the investigation of BHRe cases

within the CHT since 2011", as well as the results of the biological monitoring of the year 2014 by

the IPNC, and observation of an increase in BHRe cases at the beginning of 2015, working

meetings were organized by the DASS-NC and the CHT in order to take measures in a global and

collaborative manner with the various partners of the local health and medico-social

establishments.

The investigations made it possible to identify that these contaminations were mainly due to

medically evacuated patients (EVASAN) returning from Australia, to environmental dissemination,

and to cross-contamination.

Decisions taken by the CHT

The CHT made various arrangements as information became available. Thus, in 2012, systematic

screening was set up for at-risk patients and in at-risk departments. In 2015 the first anti-infective

guide adapted to the ecology of New Caledonia was developed; in 2016, the CHT set up cohorting,

which consists of placing all patients wearing a BHR in a single department, subject to very strict

hygiene rules. The CHT has also invested in devices to detect VRE more quickly, it has also set up

e-mail alerts informing of the hospitalization of patients with BHRe. In 2019 he decided to set up

systematic screening before the return of medical evacuees from Australia. Recently, a hospital

practitioner was hired to develop inter-structure territorial software for monitoring BHREs.

Since the excessive and inappropriate use of antibiotics often puts selection pressure on bacteria,

an audit on the proper use of carbapenems was commissioned in 2018, after the EPC epidemic.

This revealed that good dispensing practices were respected in the majority of cases (78%). [40]

[41]
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Figure 19: Number of CRE and VRE patients identified per year in New Caledonia with regard to implementation
of an infection control program in CHT Gaston-Bourret

Decisions taken by the DASS-NC

A control plan for healthcare-associated infections and BMR/BHRe outbreaks proved to be

essential, while the CHT was at that very time undergoing an outbreak of CPE. This work was

carried out in partnership between different departments of the DASS: the health inspectorate, the

pharmacy inspectorate and the public health service. It must make it possible to respond both to

the legitimate requirements of quality and safety of care, but also to the process of seeking the

efficiency of the health system and the optimization of the use of health resources in New

Caledonia. It takes up the basic definitions and hygiene precautions but above all gives strategic

axes and actions to be carried out at the territorial level. It is accompanied by operational technical

sheets, such as: the action to be taken in the event of a fortuitous discovery, the admission of a

patient with risk factors, how to control an epidemic, the prevention of dissemination in SSR,

EHPAD and in the city.

In addition, the drafting of this plan highlighted the lack of data and exhaustiveness in the collection

of information: IAS and BHRe are therefore categorized as notifiable diseases, and must be

declared. systematically with the DASS-NC (see APPENDIX 16). This registration only concerns

New Caledonia, the declaration is not mandatory in mainland France. [42] [43] In order to improve
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the sharing of data between the different partners, a liaison form was also drawn up for patients

with BHR and BMR (see APPENDIX 17) and contacts of BHR (see APPENDIX 18). At the same

time, communication media have been created for these same patient populations (see

APPENDICES 19 and 20).

The lack of visibility on the carrying of evacuated patients has led to the drafting of a procedure

requiring the collection of the status vis-à-vis the carrying of BHRe before the departure and return

of EVASAN patients to New Caledonia.

The educational aspect of health professionals is also taken into account, since a guide to

anti-infective treatments relating to the ecology of New Caledonia was written in 2015: a new

version, adapted to the progress of knowledge, was written in 2020.
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DISCUSSION
First of all, this antibiotic resistance can be the result of a high consumption of antibiotics.

One hypothesis is that the prescription of antibiotics is too high and/or inappropriate: the resistance

observed in the surgery department may be an indication of this. Nevertheless, the audit on good

carbapenem prescribing practices revealed that most prescriptions were compliant. [44]

Another hypothesis is that this very high consumption of antibiotics is also due to a delay in

treatment. Indeed, the Kanak community (39% of the total population) [45] is more inclined to turn

primarily to traditional medicines rather than to modern Western medicine for many ailments,

including wounds and infections. This leads to poorly treated infections and delays in care: when

patients enter the traditional healthcare system, their condition is often degraded and requires

more substantial antibiotic therapy. [46]

For the inhabitants of the North and Loyalty Provinces (70,000 people), the geographical distance

from health centers can be a major obstacle to consulting a health professional, [47] and therefore

delaying taking antibiotic therapy: Similarly, antibiotic therapy is more consistent when the patient

finally goes to see a health professional.

In addition, the ecology of New Caledonia, similar to other islands in the South Pacific region,

includes many zoonoses such as leptospirosis which are rampant in the territory, and become

symptomatic when the disease is at an advanced stage. [48]   In addition, the various STIs that

circulate at higher rates in the territory compared to mainland France [49] also lead to antibiotic

therapy (gonococcus, chlamydia, syphilis).

Other diseases, such as acute rheumatic fever or acute rheumatic heart disease, are present at

high rates in the territory, and require antibiotic prophylaxis. These diseases have virtually

disappeared in mainland France, [50] and are therefore even less well detected and treated by

French doctors. [51]

We must also mention environmental contamination, which responds to resistance on large scales.

The ARCANE project (Integrated environmental approach to antibiotic resistance via water

analysis) developed in New Caledonia seeks to explore this resistance, by observing ESBL, EPC

and Case HN. [52]

One of the interesting information that emerges from this study (still in progress) is the high

percentage of resistance observed in E. coli at the exit of the CHT Gaston-Bourret is around 50%,

with variations between 10 % and 90% of resistance found, depending on the sampling dates). By
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way of comparison, the resistance found in hospital effluents is around 10% in mainland France.

This raises questions about the effectiveness of water treatment at the exit of the largest hospital in

the territory, and may be a way of answering the paradox of the high rate of resistance

encountered in the CHT surgery department.

Concerning the abnormal rates of resistance and consumption of penicillins, they can be the result

of an epidemic context, or even of a misuse of these antibiotics: a more thorough investigation is

from now on necessary in order to examine in detail which classes of penicillins are mainly affected

by this overconsumption, and this at a closer frequency. In addition, an audit of good practice in the

dispensing of penicillins seems to be necessary in the surgery department, which could in

particular be used to update the Guide to anti-infectives in New Caledonia.
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CONCLUSION
Levels of antibiotic consumption and antibiotic resistance are higher in New Caledonia than in

France. These data are not comparable with the other territories of the South Pacific. Furthermore,

the levels of resistance seem to be positively correlated with the associated consumption rates.

The competent public health authorities have collectively and collaboratively developed solutions to

defined resistance problems. These solutions have been measured and considered effective.

Aberrant data emerged from this inventory: these include the high consumption of penicillins in the

surgery department. This issue would benefit from being explored in more detail, in order to

understand these figures that come out of the trend curves.

There are also high levels of resistance to C3Gs and fluoroquinolones in the surgery department.

Clarifications may be available following the results of projects carried out by local players, such as

the ARCANE project studying antibiotic resistance in different aquatic environments.

These explanations can be found thanks to the strong commitment and close collaboration of the

various public and private partners, which appears to be a major asset in this fight against

antibiotic resistance.
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