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Antimicrobial Resistance in
Emerging Economies: An
Urgency to Intervene

Antimicrobial resistance is a major
global health threat. In the European
Union an estimated 25,000 deaths occur
annually secondary to multi-drug-resistant
infections [1]. No reliable estimates for
developing countries exist, but figures are
likely to be higher. Strategies to contain
antimicrobial resistance were comprehen-
sively set forth by the World Health
Organization (WHO) in 2001 [2]. How-
ever, implementation in low- and middle-
income countries, where the need for
effective antimicrobials is greatest, has
thus far proved problematic [3,4].

In Viet Nam, where resistance rates are
among the highest in Asia [5], the
challenge is urgent and great [6]. A large
population, high infectious disease burden,
and unrestricted access to antimicrobials
make Viet Nam a hotspot for the emer-
gence of drug resistance [7]. Adequate
legislation to tackle antimicrobial resis-
tance in Viet Nam already exists [7-9],
but a lack of resources prevents effective
policy enforcement [7].

Growing global consensus that antimi-
crobial resistance must be tackled provides
opportunity to intervene. Interventions
must account for limited resources avail-
able in many regions with the highest
resistance burdens. In response to this we
launched the Viet Nam Resistance (VI-
NARES) project, a capacity-building ini-
tiative designed to strengthen antimicrobi-
al stewardship in Viet Nam. The
framework of VINARES may be transfer-
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able to other settings, and emerging
economies in particular.

Conception of VINARES

In 2010 a situation analysis of antibiotic
use and resistance in Viet Nam identified
sub-optimal infection control, inadequate
laboratory diagnostic capacity, and inap-
propriate antibiotic therapy as important
drivers of bacterial resistance [7]. Parallels
exist with the priorities in the WHO
antimicrobial resistance policy package
issued on World Health Day, 2011 [10].
However, a dysfunctional health system
prevents translation of this research into
action [4,7].

VINARES aims to provide impetus and
tools to support development of an
effective antimicrobial stewardship pro-
gramme for Viet Nam and thus bridge
the “know-do” gap that often plagues
implementation of health initiatives in
emerging economies [11]. It is a partner-
driven collaboration, conceived by Viet-
namese healthcare professionals, the Ox-
ford University Clinical Research Unit

and Wellcome Trust Major Overseas
Programme in Viet Nam, and Linkoping
University, Sweden. Together we invited
16 hospitals to participate (Figure 1).
Practising Vietnamese healthcare profes-
sionals coordinate each arm of the project,
which address the following areas: (1)
infection control and healthcare-associated
infections (HAI), (2) antibiotic consump-
tion, and (3) microbiological analysis and
reporting capacity.

Infection Control and Healthcare-

Associated Infections

With the new antibiotic development
pipeline running dry, infection prevention is
increasingly important [12]. Infection
control is particularly problematic in
Vietnamese intensive care units (ICUs)
[6]. As measures of HAI control are a
good surrogate for overall infection control
[13], assessing the HAI burden in ICUs is
an ecffective way to identify areas for
improvement.

HAIs are assessed by monthly point
prevalence surveys (PPSs) in the ICUs of
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Summary Points

e Antimicrobial stewardship has been difficult to implement globally, and in

emerging economies it is usually absent or inadequate.

® Implementation of antibiotic stewardship programmes need not wait for
“perfect local data” or funding. There is often sufficient local expertise to start a
programme in the absence of additional resources. No immediate impact on

resistance levels should be expected.

e Antibiotic resistance is partly the result of a dysfunctional health system. Long-term
commitment is necessary to improve healthcare infrastructure in order to establish

a successful antibiotic stewardship programme and reduce resistance rates.

e Healthcare professionals, preferably “respected” figures, should coordinate
stewardship programmes. The programmes should be contextualised and
compatible with local practices to encourage engagement and compliance of

all healthcare workers.

participating hospitals. The surveillance
design is similar to methodologies imple-
mented by the European Centre for
Disease Prevention and Control [14],
contextualised to the Vietnamese setting.
Data are entered into European Centre
for Disease Prevention and Control soft-
ware (HELICSwin), which has been
translated into Vietnamese. Traditional
HAI risks are recorded, as well as those
specific to the Vietnamese healthcare
system, for example, the hands-on involve-
ment of family in patient care, the large
numbers of staff and students accessing the
ICU, and the high prevalence of tetanus
patients requiring extended periods of
invasive mechanical ventilation. Prelimi-
nary data show that 75% of ICU patients
have family involved in caretaking. The
aim is to emphasise the importance of
surveillance, identify common problems in
ICUs, and establish priorities accordingly.
To date, data on over 1,300 patients in
Vietnamese ICUs have been collected.

Antibiotic Consumption

Antibiotic use—appropriate and inap-
propriate—drives resistance [15]. We have
designed a simple database to help phar-
macists calculate monthly antibiotic con-
sumption in defined daily dosages. In
addition to reducing the number of pre-
scriptions, improving prescribing rationale
is essential [10]. For each patient receiving
antimicrobials at the time of the PPS we
collect information on route of adminis-
tration, dose, and prescription indication.
Inappropriate antimicrobial use, particu-
larly for medical and surgical prophylaxis,
1s common in Viet Nam [16].

Microbiological Analysis and
Reporting Capacity

Appropriate antibiotic use requires a
hospital’s healthcare professionals to act in
unison. It cannot be achieved if physicians
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prescribe idiosyncratically. Standard treat-
ment guidelines (STGs) are essential to
coordinate prescribing, but their formula-
tion requires reliable data on causative
organisms and antibiotic susceptibility. To
deliver this, enhancing laboratory capacity
is crucial [17].

We have provided each laboratory with
a computer, surveillance database software
(WHONET), current antibiotic susceptibil-
ity testing guidelines from the Clinical and
Laboratory Standards Institute translated
into Vietnamese, and American Type
Culture Collection reference strains for
internal quality control. Many Vietnamese

1. National Hospital for Tropical Diseases
2. National Hospital for Paediatrics
3. Bach Mai Hospital

4. Viet Duc Hospital

5. Saint Paul Hospital

6. Vietnam-Sweden Uong Bi Hospital
7. Viet Tiep Hospital

8. Hue Central General Hospital

9. Da Nang General Hospital

10. Binh Dinh General Hospital

11. Khanh Hoa Provincial Hospital
12. Dac Lac Provincial Hospital

13. Cho Ray Hospital

14, Children’s Hospital Number 1

15. Hospital for Tropical Diseases
16. Can Tho Central Hospital
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Figure 1. Location, speciality, and type of the 16 participating hospitals in the

VINARES project.
doi:10.1371/journal.pmed.1001429.g001
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laboratories perform susceptibility testing
to drugs that is not indicated, often
giving discrepant, erroneous results and
wasting resources [18]. The training and
materials provided by VINARES aim to
remedy this.

We have applied for all laboratories to
participate in an external quality assur-
ance programme (United Kingdom Na-
tional External Quality Assessment Ser-
vice). Laboratories can send important
resistant ~ strains  (vancomycin-resistant
Staphylococecus aureus, vancomycin-resistant
enterococcl, and carbapenem-resistant en-
terobacteria) to a reference laboratory for
confirmation testing. If verified, dissemi-
nation of important information to the
Vietnamese and international scientific
community is possible. Furthermore, feed-
back and training are given if the resis-
tance phenotype is not confirmed. In
several laboratories we observed an im-
probably high rate of vancomycin-resistant
S. aureus. We found this high rate to be due
to erroneous testing methodology and
gave recommendations to correct this.

Implementation of VINARES

In September 2012, 110 delegates from
participating hospitals and the Viet Nam
Ministry of Health attended inaugural

workshops. Delegates included hospital
directors, clinicians, infection control doc-
tors, microbiologists, and pharmacists.
Day one of the workshop provided a
forum for each hospital to present impor-
tant aspects of infection control, HAISs,
antibiotic consumption, and antimicrobial
stewardship at their respective hospitals. A
key objective of VINARES is to motivate
change by sharing information and learn-
ing from each other. The workshops were
the first stage in this process.

Day two was primarily for training.
Participants attended focus groups: use of
antibiotic consumption software (pharma-
cists), resistance surveillance and training
in microbiological techniques (microbiolo-
gists), and introduction to the PPS and
HELICSwin (infection control and ICU
doctors). Discussions stimulated modifica-
tions to the protocol. For example, a more
detailed assessment of family involvement
in patient care was included, and discrep-
ancies between European brand names
and the Vietnamese formulary were ad-
dressed. These modifications highlight the
importance of consulting with local stake-
holders when implementing an initiative
such as VINARES.

After the workshops, implementation
teams visited each hospital to deliver two
computers containing databases and

protocols, assist with the first PPS, and
configure a functioning WHONET data-
base for each laboratory. A dedicated help
desk was established, which hospitals could
contact by E-mail. Figure 2 provides a
framework for designing and implement-
ing a stewardship programme in a re-
source-limited country.

Challenges along the Way
Data Quality

Effective stewardship requires reliable
data. However, in resource-limited settings
poor data are initially acceptable as they
identify where to improve. Emphasis is on
encouraging stewardship and building
capacity.

Modification of the PPS following
suggestions from participants and on-site
training in surveillance methodologies
has reduced ambiguity and encouraged
uniform cross-site data collection. Site
visits have ensured a minimum operating
standard of laboratories. VINARES co-
ordinators perform monthly data quality
checks.

Permissions

This project required permission from
the Viet Nam Ministry of Health and
approval from the Institutional Review

DESIGN

v

9 Consult with local stakeholders and modify programme to

improve applicability

Do research to identify areas for improvement

* Healthcare system — where should stewardship be targeted
*  Drug regulation — prescription amount and rationale

* Laboratory capacity — resources, analysis and reporting

*  Surveillance structures — what is already available

*  Governance/national bodies — what is already established

¥

Design a programme which addresses each area

*  Use existing resources and expertise where possible
*  Apply for funds for small start-up costs

* Local coordination of each area is key

v

Identify participating hospitals

* Include leading figures and institutions

*  Ensure geographical distribution

*  Represent both secondary and tertiary hospitals

*  Programme areas must be represented at each hospital
»  Start permissions process early

v

IMPLEMENTATION

Training

* National — bring people together for sharing data and ideas
*  On-site — identify logistical issues

v

Ensure regular contact with participants

*  Establish a help desk

*  Encourage frequent data submission

*  Give regular feedback

* Develop a newsletter to create a sense of community

¥

Establish a national stewardship committee to facilitate
transition from a research-driven initiative to a local

healthcare-driven initiative

Figure 2. Bridging the “know-do” gap: design and implementation of an antimicrobial stewardship programme in an emerging

economy.
doi:10.1371/journal.pmed.1001429.g002
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Situation analysis of antibiotic use and resistance in
2010 Vietnam published by GARP in conjunction with OUCRU.
Stop Resistance project conducted by LiU.
< Design of the VINARES project and application for funding
2011-12 . . .
by Vietnamese healthcare professionals, OUCRU and LiU.

: Sept 2012 Inaugural workshops held in Hanoi and Ho Chi Minh City,

attended by 110 delegates

: October 2012 - 3 : oo

November 2012 Implementation site visits and laboratory assessments
Monthly data submitted to VINARES: point prevalence
November 2012 - N . ot
October 2013 surveys on ICUs, antibiotic consumption and susceptibility
< of bacterial pathogens
January 2013 Workshop on STGs and resistance testing protocols
< April 2013 - Microbiology laboratories participate in external quality
April 2014 assurance scheme (UK NEQAS)

: May 2013 Meeting to finalize STGs and microbiology protocol
< June 2013 Expected launch of national stewardship website
< October 2013 - Final analysis and report to all collaborators and Ministry of

December 2013 Health with recommendations

Figure 3. A timeline to illustrate the conception and implementation of the VINARES project. GARP, Global Antibiotic Resistance
Partnership; LiU, Linkdping University; OUCRU, Oxford University Clinical Research Unit; UK NEQAS, United Kingdom National External Quality
Assessment Service.

doi:10.1371/journal.pmed.1001429.g003
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project [10].

Table 1. Drivers of antibiotic resistance, hospital-related WHO policy package priorities, and how these are met by the VINARES

Resistance Driver

WHO Priority

VINARES Project

Fragmented, non-comprehensive action

Paucity of data

Lack of STGs

Weak infection prevention and control

Inadequate laboratory capacity

Comprehensive, financed, concerted national action

Strengthen surveillance

Promote rational use of medicines

Enhance infection prevention and control

Strengthen laboratory capacity

Doctors, microbiologists, and pharmacists brought
together; data from 16 hospitals collated and fed back to
hospitals for concerted action

Surveillance tools installed, and data submitted to
central database each month

Create a committee to use primary data and existing
literature to formulate the first evidence-based STGs for
Viet Nam

PPSs to identify problematic areas in infection control
and HAls, and establish priorities accordingly

Each laboratory provided with computer, translated
current susceptibility testing guidelines, external quality
assurance, and surveillance database software

doi:10.1371/journal.pmed.1001429.t001

Board of the National Hospital for Trop-
ical Diseases. This process required close
monitoring to ensure it progressed. Good
relationships and patience were key.
Another challenge was acquiring import
permits for external quality assurance
panels containing live bacteria. The
government requested that we reveal
the identity of the bacteria; however,
the nature of proficiency panels is that
their identity should remain unknown.
This required further meetings to explain
the purpose of external quality assur-
ance.

Ownership of Data

Ownership of data is contentious, par-
ticularly for sensitive issues such as HAIs
and infection control. Building trust is
essential to achieve sharing of data, upon
which interventions can be developed.

VINARES aims to encourage sharing of

data between institutions, but this is
understandably approached with caution.
However, most hospitals have been willing
to share data.

Standard Treatment Guidelines

Early in 2013 local stakeholders from
participating hospitals met to draft STGs
for important ICU infections, including
pneumonia (community- and hospital-
acquired) and meningitis. Data submitted
from VINARES were reviewed and used
to begin formulation of the first evidence-
based STGs for Viet Nam. Using national
surveillance data as a primary source will
permit current and contextualised STGs,

PLOS Medicine | www.plosmedicine.org

which we aim to make readily available
throughout Viet Nam with the expected
launch of the national stewardship website
in June 2013.

After VINARES

VINARES is a capacity-building initia-
tive designed to equip hospitals with the
tools to perform self-sufficient antimicro-
bial stewardship for the long term. Hospi-
tals submit monthly data on antibiotic
consumption, infection control surveil-
lance, and susceptibility of bacterial path-
ogens. We provide hospitals with regular
reports, comparing their results to the
average performance of all hospitals. We
hope personalised feedback, including
newsletters, will motivate appropriately
targeted service change. Figure 3 illus-
trates a timeline for the VINARES
project.

Hospitals will receive a full year of
support to establish antimicrobial steward-
ship programmes. If local leaders and
physicians are convinced that patient care
has improved, they will be motivated to
maintain the surveillance structures estab-
lished during that year.

VINARES addresses almost all hospi-
tal-related priorities in the WHO policy
package on antimicrobial resistance
(Table 1) [10]. Its purpose is to bridge
the gap between policy and action that has
hampered antimicrobial stewardship in
low- and middle-income countries [11].
Through VINARES, 16 hospitals have
committed to improving antimicrobial
stewardship in Viet Nam for the next 12

months. In “training the trainers”, we
hope that other hospitals, in Viet Nam or
abroad, will follow, with support from one
of these 16 hospitals.
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