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Introduction
Expanding access to antiretroviral ther-
apy (ART) to treat HIV in low-resource 
settings has demonstrated benefits in 
terms of health and survival1–7 and, con-
trary to earlier claims, high levels of treat-
ment adherence have been reached.8–13 
As antiretroviral drug prices have fallen, 
the key constraint to delivering treat-
ment has become human resources.14,15 
Human-resource capacity is generally 
weak in resource-constrained settings, 
particularly in sub-Saharan Africa, and 
some evidence suggests that ART deliv-
ery scale-up could fail on these grounds 
alone.16

Several needs, assessments have 
shown only limited capacity to scale up 
service models oriented towards doctors, 
particularly in settings with low ratios 
of physicians to population and high 
rates of attrition among medical staff 
(K Gilbert et al., unpublished data, 
2005; B Damascene et al., unpublished 

Problem As programmes to deliver antiretroviral therapy (ART) are implemented in resource-constrained settings, the problem 
becomes not how these programmes are going to be financed but who will be responsible for delivering and sustaining them.
Approach Physician-led models of HIV treatment and care that have evolved in industrialized countries are not replicable in settings 
with a high prevalence of HIV infection and limited access to medical staff. Therefore, models of care need to make better use of 
available human resources. 
Local setting Using Botswana as an example, we discuss how nurses are underutilized in long-term clinical management of 
patients requiring ART. 
Relevant changes We argue that for ART-delivery programmes to be sustainable, nurses will need to provide a level of clinical 
care for patients receiving this therapy, including prescribing ART and managing common adverse effects. 
Lessons learned Practicalities involved in scaling up nurse-led models of ART delivery include overcoming political and professional 
barriers, identifying educational requirements, agreeing on the limitations of nursing practice, developing clear referral pathways 
between medical and nursing personnel, and developing mechanisms to monitor and supervise practice. Operational research is 
required to demonstrate that such models are safe, effective and sustainable.
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data, 2005).17 Scaling up ART delivery 
will require tens of thousands of health-
care workers with the experience and 
training needed to treat people with 
HIV, a complex health problem.18 There 
is, therefore, an urgent need to develop 
simple and sustainable models of deliver-
ing ART and its associated care that max-
imize the potential of existing human 
resources in less-developed health-care 
delivery systems. Physician-based mod-
els of care adapted from industrialized 
countries will not suffice to treat the ma-
jority of patients in resource-constrained 
settings, so the use of non-medical staff 
should be considered.19

In this paper we focus on devel-
oping nursing resources in Botswana, 
where the roll-out of ART has been 
under way since 2002. We begin by 
outlining the policy context and the 
need to make better use of non-medical 
staff to deliver ART. By using Botswana 
as an example, we argue that for ART 
programmes to be sustainable nurses 

will need to provide a level of clinical 
care for patients receiving this therapy, 
including prescribing ART and manag-
ing common adverse effects.

Policy background
WHO’s strategic framework for the 
emergency scale up of ART involves 
training a range of community-based 
health-care staff to support the delivery 
and monitoring of HIV/AIDS treat-
ment.20 This is a significant shift from 
the centralized, physician-led model of 
HIV care that prevails in high-income 
nations. WHO recognizes that a public  
health approach to HIV/AIDS treat-
ment should include strategies to reduce 
dependence on highly trained physi-
cians, thus enabling a larger number 
of people to have access to ART.21,22 
According to WHO’s guidelines on de-
livering ART in low-resource settings,23 
the initiation of first-line treatment 
for HIV/AIDS and management of 
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follow-up can be considered relatively 
straightforward for a significant propor-
tion of individuals. If there are objective 
criteria to assess eligible candidates (for 
example, CD4 count, physical illness) 
and clear guidance for follow-up, it 
seems reasonable that it may not always 
be essential that a medically trained 
person initiates treatment and manages 
follow-up consultations.

WHO’s 3 by 5 treatment guide-
lines on the Integrated Management of 
Adolescent and Adult Illness have been 
translated into guidelines that can be 
used by non-medical health-care work-
ers.24 Under district medical officers’ 
supervision, health workers at first-level 
facilities or health workers or lay staff 
at the district clinic level can be trained 
to initiate first-line ART regimens in 
patients who do not have complicating 
conditions. They can also be trained to 
provide clinical monitoring, respond to 
new signs and symptoms, dispense medi-
cations and arrange follow-up. These staff 
can refer patients to medical clinicians at 
the district level when treatment does not 
seem to control the disease or when there 
is severe toxicity and illness.

There is a distinct paucity of empir-
ical evidence for the effectiveness of such 
models of care. This is a general issue in 
terms of operational research for more 
generic nurse-delivered programmes in 
low-resource settings, particularly those 
involving nurse prescribing.25 However, 
evidence from North America, where 
HIV care has been provided by nurse 
practitioners since the early 1990s, sug-
gests that in comparisons between nurse-
led and physician-led HIV outpatient 
care, the quality of care and patients’ 
satisfaction are equivalent.26-28

Nonetheless, the impetus to utilize 
non-medical personnel has now begun to 
develop beyond small, isolated and often 
NGO-funded initiatives. For example, 
a South African township model used 
nurses for follow-up care delivered ac-
cording to standardized protocols.29 The 
national ART programme in Uganda has 
acknowledged that, in the long term, 
tasks customarily performed by physi-
cians will have to be shared and involve 
other health-care providers such as clini-
cal officers and nurses, of whom there 
are greater numbers. Physicians will play 
the lead role in assessing people living 
with HIV/AIDS, initiating or switching 
therapy, managing serious conditions 
and supervising staff. Clinical officers, 
nurses and counsellors will routinely fol-

low up ART, providing counselling and 
initially diagnosing and treating com-
mon opportunistic infections.30 Nigeria, 
with an estimated 1 million people with 
HIV/AIDS who will require ART by 
2009, has developed a dynamic plan 
for scale up that involves training non-
medical personnel to deliver therapy 
(P Mpele et al., unpublished data, 2005). 
Malawi, which has a plan to decentralize 
care in rural districts, has trained medical 
assistants and nurses to follow-up pa-
tients stabilized on ART (R Nalikungwi 
et al., unpublished data, 2005).

Botswana’s ART programme
According to estimates from 2004, 
about 17.1% of Botswana’s 1.7 million  
people are HIV-positive, with an HIV 
prevalence in women attending antena-
tal care remaining above 30%.31 In 2000, 
the Government of Botswana declared 
a state of emergency and initiated the 
first state-funded ART programme 
in Africa as part of its response to the 
epidemic. Launched in 2002, the pro-
gramme aims to deliver care with a high 
level of clinical monitoring and a low 
tolerance of adverse events, as is the 
norm in high-resource settings. Robust 
public–private partnerships providing 
drugs, laboratory services, help with 
guideline development and training as 
well as the establishment of a strong 
centralized support infrastructure have 
been central to the programme’s success. 
Useful lessons have been learned in terms 
of providing designated services, staffing 
and training.32

To support phased roll-out across 
the country, the public–private African 
Comprehensive HIV/AIDS Partnerships 
– has facilitated a clinical preceptor-
ship programme that places senior HIV 
clinicians from leading international 
institutions in Botswana’s urban and 
rural hospitals and clinics for an average 
of 3–6 months. The programme builds 
skills and confidence in dealing with 
a range of situations through practical 
training and mentoring. At the end of 
2004, the preceptorship programme 
had reached 151 medical doctors, 1701 
nurses and counsellors, 27 pharmacists 
and 59 pharmacy technicians. Since the 
programme began, 22 preceptors have 
been involved.33

In September 2006, 74 000 people 
in the country were on ART. The overall 
goal of the ART programme is to increase 
treatment services to reach a target of 

80% of eligible HIV-infected citizens by 
2009.34 Several capacity challenges must 
be overcome to achieve this goal. At pres-
ent, ART delivery is limited to urban areas 
and large villages, leaving many patients 
to travel long distances to seek treatment. 
In regions where ART programmes have 
been launched, waiting lists to start 
therapy sometimes exceed 3 months, 
primarily because of the shortage of doc-
tors. Once people start therapy, they again 
have to endure long travelling distances 
for follow-up visits and medication refills, 
which may have serious implications for 
adherence to treatment. It thus seems 
unrealistic to assess all patients eligible 
for ART in a timely manner and manage 
long-term follow-up for the large num-
ber of people requiring therapy, without 
encouraging the wider engagement of 
local nursing personnel in initiating ART 
and providing follow-up care for selected 
groups of patients.

Botswana’s economy is regarded as 
one of the strongest and best-managed in 
the developing world, with a per-capita 
gross domestic product of US$ 9945.35 
It has a highly developed health-care sys-
tem that is free at the point of delivery. 
Care is provided through an extensive 
system of “mobile stops”, health posts, 
clinics, primary hospitals, and district 
and referral hospitals. As a result of a 
shortage of doctors (40 per 100 000 
people), the majority of rural clinics 
and health posts are staffed by trained 
nurses and family welfare educators. 
Nurses are the largest professional group 
of care providers in Botswana (235 per 
100 000 people); they are, therefore, 
ideally placed to start patients on ART 
and monitor them.

Nurses have acted as the first contact 
with the health-care system at primary care 
facilities since the mid-1960s.36 During 
undergraduate training in nursing they 
learn consultation skills, including how to 
assess patients, make a diagnosis and pre-
scribe medication. In addition to general 
nursing training, Botswana has established 
postgraduate education centres to develop 
family nurse practitioners. The role of 
family nurse practitioners was established 
in the 1980s in response to a perceived 
shortage of primary care medical practitio-
ners and an increased demand for services. 
As of 2007, more than 250 family nurse 
practitioners have been trained. They are 
equipped with advanced skills in the areas 
of assessing and managing patients with 
various health-care problems, including 
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HIV/AIDS. They are able to order and 
interpret diagnostic tests, establish medi-
cal and nursing diagnoses and institute 
treatment with prescribing authority for 
a broad range of medications and hospital 
admission privileges. In remote rural set-
tings, they are trained to practice both 
independently of, and collaboratively 
with, district medical officers.

ART management by nurses
The idea of nurses in Botswana taking on 
an expanded role in managing patients 
requiring ART arose when it became 
clear that the predicted long-term de-
mand for ART services at rural primary 
hospitals was clearly going to exceed the 
availability of medical personnel. After 
the medico–legal aspect was considered 
and local stakeholders were consulted, 
pilot work began in two centres in 2004. 
Nurses were trained to manage clinically 
stable patients who were being seen for 
follow-up. Criteria for these patients to 
be managed by a trained ART nurse, as 
opposed to a doctor, were agreed upon 
locally with medical and nursing direc-
tors. Clinical mentorship by ART pre-
ceptors ensured that national standards 
were met, that the nurses were clear 
about the limitations of their practice 
and that they knew when and how to 
refer patients to a doctor. This model 
worked well and was communicated to 
interested stakeholders.

It was soon realized that an ex-
panded utilization of nursing skills could 
substantially contribute to reducing 
waiting lists for ART across the country 
and sustain the lifetime of monitoring 
and follow-up care that is required for 
those on therapy. With the need for 
nurses to take on a broader role in ART 
management recognized, several remain-
ing issues are receiving needed attention 
in Botswana. These issues have relevance 
for other countries considering models 
of nurse-led care. As in Botswana, they 
should be addressed in partnership with 
any national nurses’ association and re-
lated nursing education institutions to 
develop a sense of involvement and own-
ership among nurses and to overcome 
any potential opposition from them.

Overcoming political and 
professional barriers
Potential threats or concerns – at the 
political, professional and public levels 
– need to be addressed and overcome. 
Doctors and pharmacists may object 

to nurses managing ART since physi-
cians have traditionally managed the 
care of patients with HIV. Policy-makers 
and the public may perceive that HIV 
care delivered by nurses is second-rate. 
Nurses may feel threatened and feel they 
are taking on doctors’ roles on nurses’ 
wages. But where resources are lim-
ited in high-prevalence countries like  
Botswana, HIV can no longer be treated 
as a speciality: it must be considered a 
long-term condition and be managed 
as such. In securing political support 
and persuading professional leaders and 
the public that this is a way forward, 
comparisons can be made with the suc-
cess of other HIV programmes, such 
as those aimed at preventing mother-
to-child transmission. In this context, 
for example, nurses and midwives have 
already proved themselves by delivering 
zidovudine and nevirapine regimens.

Clarifying the medico–legal 
position
Ideally, the medico–legal position of 
nurses who assume this enhanced role, 
and in particular nurses prescribing 
ART, should be formally recognized and 
clarified at the national level.

“Nurse prescribing” is a term that 
has been used to describe more than 
one type of practice in different coun-
tries.37 Nurse prescribing may involve a 
limited range or broad range of drugs; 
several drugs are available for nurses 
to prescribe in some countries but not 
in others. Certain countries may allow 
nurses to prescribe medicines from 
specific drug classes, classifications or 
schedules, whereas others allow nurses 
only to prescribe for specific conditions. 
Some countries allow nurses to prescribe 
according to the level of practice at 
which they are employed or according 
to their speciality or place of work. As a 
result of the various approaches applied 
to the term nurse prescribing, the Inter-
national Council of Nurses has defined 
four models describing how nurses may 
be involved in prescribing.37 The dif-
ferent types of nurse prescribing seen 
across the globe are likely to have arisen 
from the differing needs of health-care 
services, which vary greatly between 
countries and are largely dependent on 
the disease burden, income status and 
governing infrastructure of individual 
countries. Practice will also differ within 
a country, between urban and rural set-
tings, and between private and public 
health-service delivery.25

Enhanced roles for nurses may 
therefore require that legislation, policy 
or guidance, or all three, are reviewed 
and modified. When these changes 
occur, nurses will be able to practice 
knowing that their professional identity 
is protected. In Botswana, the Drug 
and Related Substances Regulations of 
1993 state that nurses may be granted 
the power to prescribe only those drugs 
specific to their speciality or training 
and, where applicable, those which are 
specified in Botswana’s national drug 
formulary.38 Given that the last national 
drug formulary was written in 1992 and 
the majority of antiretroviral medica-
tions were not in existence then, it seems 
reasonable that the formulary should 
be updated to reflect the current use of 
antiretrovirals. However, the principle of 
addressing the medico–legal issues at na-
tional level may not always be feasible or 
achievable, particularly in settings where 
there is a distinct lack of clear structures 
for governance. Timescales for address-
ing such issues may also present a barrier, 
particularly with the urgency of scaling 
up ART, so other solutions may need to 
be developed.

Educational requirements
There is a need to define which nurses 
could take on extended roles in deliver-
ing ART as well as clear criteria as to 
what the minimum educational and 
experiential prerequisites should be. For 
example, prescribers could be registered 
nurses with accredited ART training 
who receive clinical mentorship from 
an experienced HIV practitioner until 
they are deemed competent. Clinical 
supervision could be instituted to ensure 
that ongoing practice meets care and 
prescribing standards. Botswana is in 
a fortunate position in terms of its na-
tional preceptor programme. To further 
develop the role of nurses in ART, expe-
rienced preceptors may provide direct 
training for those nurses suitable for 
taking on more advanced levels of ART 
care. As the ART programme matures, a 
core of experienced practitioners will be 
able to become active trainers, reducing 
the country’s dependence on preceptors 
over time.

Addressing the scope of nursing 
practice
In terms of practical application, inte-
grated care pathways need to be devel-
oped that clearly state which patients  
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Résumé

Lancement d’un traitement antirétroviral dans un pays à ressources limitées : comment tirer le meilleur 
parti des ressources en personnel infirmier du Botswana
Problématique Avec la mise en œuvre dans des pays à 
ressources limitées de programmes de délivrance de traitements 
antirétroviraux (ART), le problème n’est plus de savoir comment ces 
programmes seront financés, mais de déterminer qui se chargera de 
leur mise en œuvre et de leur maintien. 
Démarche Les systèmes de délivrance du traitement et de 
prestation des soins liés au VIH/sida gérés par des médecins qui 
ont été mis en place dans les pays industrialisés ne peuvent être 
reproduits dans les pays où le VIH/sida est fortement prévalent 
et l’accès au personnel médical très restreint. Il faut donc que 
les systèmes de soins exploitent mieux les ressources humaines 
disponibles. 

Contexte local A partir de l’exemple du Botswana, nous 
étudions la sous-utilisation du personnel infirmier dans la prise 
en charge à long terme des patients ayant besoin d’un traitement 
antirétroviral. 
Modifications pertinentes Pour que les programmes de 
délivrance de traitements ART soient durables, il faut, à notre avis, 
que le personnel infirmier assure des soins cliniques d’un certain 
niveau auprès des patients recevant ce type de traitement, et 
notamment la prescription des ART et la prise en charge des effets 
indésirables courants. 
Enseignements tirés Parmi les considérations pratiques 
intervenant dans l’extension des systèmes de délivrance des 

may be managed by nurses and which 
should be seen by a doctor. The limi-
tations of nursing practice should be 
clearly defined and referral pathways be-
tween nursing and medical practitioners 
streamlined. For example, nurses could 
see asymptomatic patients, and doctors 
see those with AIDS-defining illnesses. 
Patients with stable or increasing CD4 
counts and suppressed viral load could 
continue to be followed up by nurses, 
and those presenting with adverse ef-
fects or treatment failure by doctors. 
These elements could be determined 
nationally or regionally, according to 
local staffing capacity, capability and 
infrastructure.

Monitoring and evaluation
Finally, the development of expanded 
clinical roles for nurses crosses tradi-
tional boundaries of routine ART care. 
Therefore, mechanisms for monitoring 
nursing care should be in place. At this 
embryonic stage of the development of 
new roles, consideration should be given 
to implementing operational research to 
determine the safety, cost-effectiveness, 
acceptability and sustainability of such 
programmes. In England, for example, 
legal standards require that a nurse who 
takes on a role or task previously per-
formed by a doctor should be able to per-
form that role or task to the same stan-
dard as a doctor.39 In the ideal research 
situation, trials to assess the equivalence 
or quality of care could verify whether 
outcomes of patients managed by nurses 
are no worse than those managed by doc-
tors. Outcomes assessed could include 

the correct initiation of ART according 
to national standards, the correct and 
timely management of side effects, bio-
logical outcomes (CD4 count, viral load) 
and mortality. Evaluating the process of 
care using qualitative approaches such 
as non-participant observation, process 
modelling and stakeholder interviews 
alongside economic evaluations should 
be central to any research studies.

Conclusion
WHO’s initiative to scale up the deliv-
ery of ART offers pragmatic approaches 
to address difficult questions about 
the wider roll-out of HIV therapy in 
resource-limited settings. These ap-
proaches include advocating for strate-
gies that do not rely on highly trained 
physicians. Although some progress 
has been made in widening the tasks 
performed by nurses,40 models of ART 
delivery that fully capitalize on nursing 
resources remain relatively limited and 
none has been rigorously evaluated.

This concept paper draws on ex-
periences from the Botswana ART pro-
gramme. This programme has shown 
that better utilization of nurses has the 
potential to increase access to ART, 
reduce congestion at centralized ART 
centres, reduce unnecessary travel by pa-
tients and allow for localized provision 
of support for adherence and education. 
This paper’s limitations include a lack 
of operational outcomes demonstrat-
ing that in this context nurses could 
perform as safe, accountable and accept-
able practitioners. Nurses in Botswana 
are well-educated, have good access to 

ongoing continual professional develop-
ment, work within a strong framework 
of clinical governance and remain the 
country’s largest group of health-care 
providers. This is not the case for many 
other low-resource settings, where it may 
be unrealistic to expect a similar pro-
gramme to proceed. Therefore, before 
being scaled up, each ART programme 
warrants a thorough situational analysis 
and adaptation of the programme.

While there will always be wide 
variance across ART programmes in 
different parts of the world, lessons 
from the Botswana programme may 
help shape strategic directions in other 
settings. To increase nursing capacity, 
the development of nursing capabil-
ity needs to be considered in terms of 
legislation and policy, the limitations 
of nursing practice, initial and ongo-
ing training, the development of clear 
referral pathways between medical and 
nursing personnel, and mechanisms 
for monitoring and supervision. It is 
necessary to explore the feasibility of 
nurse-led strategies through forma-
tive research; controlled trials are 
needed to provide empirical data on 
the benefits and risks of this strategy 
compared with traditional models of 
ART delivery. Planning and investing 
for the better use of human resources 
is not optional: ART scale-up initia-
tives can succeed only with the full and  
extensive involvement of nurses and 
other non-medical personnel.  O
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Problema A medida que se aplican los programas destinados 
a suministrar tratamiento antirretroviral (TAR) en entornos con 
recursos limitados, el problema no es tanto encontrar la manera de 
financiar esos programas como determinar quién se responsabilizará 
de su implementación y mantenimiento. 
Métodos Los modelos de tratamiento y atención de la infección 
por VIH dirigidos por el médico que han surgido en los países 
industrializados no son reproducibles en los entornos con alta 
prevalencia de esa infección y acceso limitado a personal médico.  
Es preciso, por tanto, que los modelos de atención aprovechen 
mejor los recursos humanos disponibles. 
Contexto local Tomando Botswana como ejemplo, analizamos la 
infrautilización que se hace del personal de enfermería en el manejo 
clínico a largo plazo de los pacientes que requieren TAR. 

Resumen

Aplicación del tratamiento antirretroviral en un entorno con recursos limitados: aprovechar el personal 
de enfermería en Botswana

Cambios destacables Argumentamos que, para que los 
programas de TAR sean sostenibles, las enfermeras tendrán que 
asumir parte de la atención clínica de los pacientes que reciban 
esa terapia, incluidos la prescripción de TAR y el manejo de 
efectos adversos comunes. 
Enseñanzas extraidas Entre los aspectos prácticos que plantea 
la expansión de los modelos de suministro de TAR dirigidos por 
personal de enfermería cabe citar la necesidad de superar barreras 
políticas y profesionales, la identificación de las necesidades 
educacionales, el establecimiento de vías de derivación claras 
entre los médicos y el personal de enfermería, y la formulación de 
mecanismos de vigilancia y supervisión de las prácticas. Es necesario 
emprender investigaciones operacionales para comprobar si esos 
modelos son seguros, eficaces y sostenibles.
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ملخص
تعميم المعالجة بمضادات الفيروسات القهقرية في موقع محدود الموارد: الاستفادة من الموارد التمريضية في بتسوانا

المشكلة: بعد بدء تنفيذ برامج إيتاء المعالجة بمضادات الفيروسات القهقرية 
في المواقع المحدودة الموارد، لم تَعُدْ المشكلة تتمثل في كيفية تمويل هذه البرامج 

وإنما في من سيضطلع بمسؤولية تقديم هذه البرامج وضمان استمرارها.
بفيروس  المصابين  ورعاية  لمعالجة  الأطباء  يقودها  التي  الأسلوب: فالنماذج 
الإيدز، والتي نشأت في البلدان الصناعية، لا يمكن تطبيقها في الأماكن التي 
تعاني من ارتفاع معدل انتشار العدوى بالفيروس ومن صعوبة الوصول إلى 
من  استفادتها  ن  تحسِّ أن  الرعاية  لنماذج  ينبغي  لذلك  الطبيِّـين.  العاملين 

الموارد البشرية المتاحة.
الموقع المحلي: وبأخذ بتسوانا كمثال، فإننا نناقش في هذه الدراسة مظاهر 
نقص الاستفادة من الممرضات في المعالجة السريرية الطويلة الأجل للمرضى 

المحتاجين إلى مضادات الفيروسات القهقرية.

ينبغي  الرعاية،  هذه  إيتاء  برامج  استمرار  لضمان  أنه  ونرى  المحلي:  الموقع 
الذين  للمرضى  السريرية  الرعاية  من  معيناً  مستوى  يقدمن  أن  للممرضات 
القهقرية  للفيروسات  المضادة  الأدوية  وصف  يشمل  العلاج،  هذا  يتلقون 

ومواجهة التأثيرات الضائرة الشائعة.
الدروس المستفادة: وتشمل عوامل النهوض بالنماذج التي تقودها الممرضات 
العوائق  على  التغلُّب  القهقرية،  الفيروسات  بمضادات  المعالجة  إيتاء  في 
قصور  أوجه  وتحديد  التعليمية،  المتطلبات  وتحديد  والمهنية،  السياسية 
الطبيِّـين  العاملين  بين  للإحالة  واضحة  قنوات  وإنشاء  التمريضية،  الممارسة 
ويستلزم  عليها.  والإشراف  الممارسة  لرصد  آليات  ووضع  والتمريضيِّـين، 
الة ومضمونة  الأمر إجراء بحوث عملية لبيان أن هذه النماذج مأمونة وفعَّ

الاستمرار.

traitements ART gérés par du personnel infirmier, figurent 
l’élimination des barrières politiques et professionnelles, 
l’identification des besoins en matière de formation, la concertation 
sur les limites à fixer aux pratiques infirmières, l’élaboration de 
procédures claires pour l’orientation vers du personnel médical 

ou infirmier et la mise au point de mécanismes pour surveiller 
et superviser ces pratiques. Des études relevant de la recherche 
opérationnelle sont nécessaires pour démontrer la sécurité, 
l’efficacité et la durabilité de tels systèmes.
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