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a b s t r a c t 

Objectives: This study aimed to analyse the current state of antimicrobial stewardship (AMS) in hospi- 

tals in Viet Nam, a lower-middle income country (LMIC), to identify factors determining success in AMS 

implementation and associated challenges to inform planning and design of future programmes. 

Methods: We conducted a mixed-methods study in seven acute-care hospitals in the antimicrobial re- 

sistance (AMR) surveillance network in Viet Nam. Data collection included 7 focus group discussions, 40 

in-depth interviews and a self-administered quantitative survey of staff on AMR and AMS programmes. 

We summarised qualitative data by reporting the most common themes according to the core AMS ele- 

ments, and analysed quantitative data using proportions and a linear mixed-effects model. 

Results: The findings reveal a complex picture of factors and actors involved in AMS implementation from 

the national level to the departmental and individual level within each hospital. The level of implementa- 

tion varied, starting from the formation of an AMS committee, with or without active delivery of specific 

interventions. Development of treatment guidelines, pre-authorisation of antimicrobial drug classes, and 

post-prescription audit and feedback to doctors in selected clinical departments were the main interven- 

tions reported. A higher level of leadership support and commitment to AMS led to a higher level of 

engagement with AMS activities from the AMS team and effective collaboration between departments 

involved. 

Conclusion: Establishing country-specific guidelines on AMS staffing and adapting standards for AMS ed- 

ucation and training from international resources are needed to support capacity building to implement 

AMS programmes effectively in LMICs such as Viet Nam. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Antimicrobial stewardship (AMS) is an important approach 

o improving antimicrobial use and controlling antimicrobial 

esistance (AMR) in clinical settings. Several guidelines and rec- 

mmendations on AMS implementation in hospitals are available 

1–5] and a number of reviews have demonstrated the effec- 
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iveness and potential economic impact of these programmes 

orldwide [6–10] and in Asia [ 11 , 12 ]. Notable differences exist 

etween and among Asian and other high-income and low- and 

iddle-income countries (LMICs) that can mediate how AMS 

rogrammes are implemented in the Asian context, including 

ealthcare system and insurance, doctor–patient communication, 

erceptions about antibiotics, and hygiene practices [ 11 , 13 ]. 

Improving antimicrobial use through AMS is among the prior- 

ty strategies of the AMR National Action Plan 2013 in Viet Nam, 

nd this was first introduced to a network of 16 hospitals within 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC BY 
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he Viet Nam Resistance Project (VINARES) in the same year [14] . A 

ational AMS guideline was issued in 2016 [15] and was updated 

n 2020 [16] to provide a framework for hospitals to implement 

MS activities. The guideline recommends each hospital to estab- 

ish a multidisciplinary AMS committee led by the hospital director 

oard with members from relevant departments including plan- 

ing/administrative, clinical (e.g. internal medicine, surgery, criti- 

al care, infectious diseases), pharmacy, microbiology, quality as- 

urance and control, infection prevention and control (IPC), and in- 

ormation technology. 

A recent review by the Ministry of Health (MoH) Viet Nam in 

018 showed that 334 (51%) of 655 hospitals had established an 

MS team consisting of a pharmacist (90%), staff of the planning 

epartment (79%), internal medicine doctor (76%), nurse (67%), 

urgical doctor (65%), IPC staff (64%) and microbiologist (39%) 

17] . Microbiology was available in 332/655 (51%) hospitals, 47% 

f which performed antimicrobial susceptibility testing and 33% 

f which had hospital-wide antibiograms. Specific interventions 

mong the 655 hospitals included facility-specific treatment guide- 

ines (22%), pre-authorisation policy (41%), clinical microbiology 

uidelines (29%) and basic infection control policy (70%). Most hos- 

itals had not developed assessment criteria for AMS indicators 

n antibiotic use (58%), hospital-acquired infections (6%), guideline 

ompliance (67%) and AMR levels (83%). 

AMS implementation requires cultural and behavioural changes 

nd is complex [18–20] . Studies have identified factors facilitating 

r hindering implementation, but limited information is available 

rom LMIC settings. A review summarising the key challenges in- 

luded lack of access to diagnostics, quality drugs and support- 

ng infrastructures as well as limited knowledge of healthcare staff

21] . The World Health Organization (WHO) developed a toolkit for 

MS programmes in LMICs that can be used to guide implementa- 

ion depending on the resources available [5] . Nevertheless, under- 

tanding the determinants of success or failure is crucial for further 

teps to improve the uptake and continuation of AMS programmes 

cross hospitals in a LMIC such as Viet Nam. This study analysed 

actors determining success in AMS implementation as well as any 

ssociated challenges based on a mixed-methods approach at hos- 

itals within the VINARES network. 

. Methods and materials 

.1. Study setting 

This mixed-methods study was conducted in 2018 at seven hos- 

itals in the VINARES network. The VINARES network originally 

onsisted of 16 hospitals equipped with microbiology laboratories, 

ncluding 4 national, 7 provincial and 5 specialised hospitals (in- 

ectious diseases, surgical, paediatric). The network was set up in 

012 to conduct surveillance of antibiotic use and resistance and 

o provide impetus and tools for developing AMS programmes in 

ospitals in response to the situation analysis on antibiotic use and 

esistance in Viet Nam [14] . 

.2. Study design and data collection 

This study involved multiple data collection methods, includ- 

ng in-depth interviews (IDIs), focus group discussions (FGDs) and 

 quantitative survey to assess participants’ experience with AMS 

mplementation and prescribing practices. We preselected ten hos- 

itals within the VINARES network (three national, four specialised 

nd three provincial hospitals) and geographical regions (five in 

he north, two in the centre and three in the south of the coun- 

ry). 

Data collection was piloted at one hospital (two IDIs, one FGD 

nd survey form). Main data collection was conducted at two hos- 
213 
ital groups: Group 1 with five hospitals (one national, two spe- 

ialised and two provincial) where no specific AMS actions had 

een identified; and Group 2 with four hospitals (two national, 

ne specialised and one provincial) where an AMS programme had 

een initiated. Group classifications were based on the information 

athered from our previous experience and communication with 

he local hospitals and partners. 

In each hospital of Group 1, we conducted two FGDs (one with 

enior and one with junior doctors); FGD was chosen to provide a 

roup setting to stimulate discussion among staff and to generate 

ore information as each individual staff might have limited ex- 

erience about AMS implementation. In each hospital in Group 2, 

e planned to conduct 12 IDIs with hospital staff involved in AMS 

mplementation in relevant departments to collect more in-depth 

ndividual experience in a non-threatening environment. 

We developed semi-structured IDI and FGD question guides 

ased on the key components described in the national AMS 

uidelines, which were also in accordance with the US Centers for 

isease Control and Prevention (CDC) checklist [22] and the global 

ore elements [23] . After piloting, only minor revisions were made 

o the original question guides (Supplementary methods). The IDIs 

nd FGDs focused on: antimicrobial prescribing practices; involve- 

ent and collaboration between clinical wards, microbiology and 

harmacy department in antimicrobial treatment and AMS pro- 

ramme implementation; and factors influencing AMS implemen- 

ation. Participants of IDIs and FGDs were also asked to complete a 

uantitative survey about their perceptions and attitudes towards 

MR, antimicrobial prescribing practices and the implementation 

f AMS activities at the hospital (see Supplementary methods). 

.3. Data analysis 

Audio recordings of IDIs and FGDs were transcribed and up- 

oaded to NVivo v.12 [24] for data management and analysis. Data 

ere analysed through systematic coding and indexing and themes 

ere identified for data interpretation. We identified common 

hemes discussed throughout the IDIs and FGDs and analysed the 

ualitative data by hospital groups ( Table 1 ). We summarised data 

y reporting the themes that were most frequently mentioned by 

he participants, and describing the implementation status accord- 

ng to the core AMS elements: leadership; accountability and re- 

ponsibilities; expertise on infection management; education and 

raining; other specific actions aimed at responsible antimicrobial 

se; monitoring and surveillance; and reporting and feedback [23] . 

e identified the actors influencing doctors’ prescribing practices 

nd implementation of AMS programmes in the study hospitals 

ased on the framework reported in a review on AMS strategy by 

yar et al. [25] . Data from the quantitative survey on perceptions 

nd attitudes were summarised and visualised using a Likert scale 

26] for each survey statement by each hospital group to describe 

imilarities and differences between the groups. 

To assess the level of awareness of healthcare staff about AMR 

n the local settings, they were asked to evaluate the propor- 

ion of resistant organisms for nine ‘bug–drug’ combinations. We 

hen compared these proportions with those reported in the AMR 

urveillance system of each hospital and computed, for each partic- 

pant and bug–drug combination, the difference between perceived 

nd measured proportions, as expressed in percentage points. We 

sed a linear mixed-effects model (with lmer function in lmerTest 

ackage in R program v.4.0.0) to examine the factors associated 

ith this difference, with individual participants and hospitals in- 

luded as a random effect. 
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Table 1 

Summary of hospitals and qualitative data collection methods participating in the study 

Hospital 

type 

Bed 

capacity Group Method 

Participating departments 

ED ICD ICU IDD IMD MIL OPD PHD PED SUD 

National, specialised < 1000 2 2 IDIs, 1 FGD x x x x x x 

Provincial, specialised < 1000 2 13 IDIs x x x x x x x 

National, general > 2000 2 13 IDIs x x x x x x 

Provincial, general 2000 1 12 IDIs x x x x x x 

National, general 1000 1 2 FGDs x x x x x x 

Provincial, general > 2000 1 2 FGDs x x x x x 

Provincial, general 1000 1 2 FGDs x x x x x x x 

ED, emergency department; FGD, focus group discussion; ICD, infection control department; ICU, intensive care unit; IDD, infectious 

diseases department; IDI, in-depth interview; IMD, internal medicine department; MIL, microbiology laboratory; OPD, outpatient depart- 

ment; PED, paediatric department; PHD, pharmacy department; SUD, surgical department. 
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. Results 

We contacted and invited ten hospitals, of which seven agreed 

o participate in this study. These included two national (Hue Cen- 

ral General Hospital, Hue; Can Tho Central General Hospital, Can 

ho), three provincial (Uong Bi Viet Nam-Sweden Hospital, Quang 

inh; Viet Tiep Hospital, Hai Phong; Da Nang Hospital, Da Nang) 

nd two specialised (National Hospital for Tropical Diseases, Ha 

oi; Hospital for Tropical Diseases, Ho Chi Minh). The three hos- 

itals that did not participate included one national hospital that 

reviously reported to have an active AMS programme and two 

pecialised hospitals (surgical and paediatric) with no information 

n AMS implementation at their institution. As these were national 

ospitals with unique characteristics, we could not find any other 

ospitals in the network for replacement. 

The process of conducting IDIs and FGDs followed the same 

tudy procedures in the pilot phase as the main data collection 

hase and since there was no major revision to the pilot IDI and 

GD question guide and format, data collected during this pilot 

hase was also included in the data analysis. Based on the data 

ollected from IDIs and FGDs, we verified the accuracy of the clas- 

ification of the hospitals into two groups: Group 1 consisting of 

our hospitals without an active AMS programme; and Group 2 

onsisting of three hospitals with an active AMS programme im- 

lemented by the time of data collection. One provincial hospital 

as considered to have an active AMS programme based on our 

rior information, however data from the IDIs showed a lack of 

ctive implementation and therefore was grouped to Group 1 in 

he analysis ( Table 1 ). 

.1. Factors and actors involved in hospital antimicrobial stewardship 

mplementation 

A hospital AMS programme involves a number of actors and 

rocesses that can influence doctors’ practices of prescribing an- 

imicrobial drugs ( Fig. 1 ). These included actors from the national 

evel (MoH, health insurance), hospital level (governing units, de- 

artments), as well as external stakeholders (pharmaceutical com- 

anies) and individuals (doctors, nurses, patients). Fig. 2 describes 

he factors associated with prescribing practices and AMS; similar 

hemes were found between Groups 1 and 2. Common aspects dis- 

ussed were microbiology service-related factors (low utilisation, 

uboptimal quality of results and long turnaround time), role of 

octors (clinical experience, seniority and position) and drug sup- 

ly and choices (sources) for participants in Group 1, and consulta- 

ions (with clinical specialty, microbiology and pharmacy) and AMS 

nterventions (restriction policy and review of prescriptions) in 

roup 2. In both groups, lack of confidence in and long turnaround 

ime for microbiology results as well as drug quality were thought 

o reduce doctors’ confidence in de-escalating antibiotic treatment. 

he overall attitude was not to de-escalate if a patient still re- 
214 
ponded to the current treatment or until they were transferred 

o another department (see representative quotes in Table 2 and 

dditional quotes in Supplementary Table S1): 

“Due to high risk of hospital acquired infections and cross- 

infection, we are hesitant to de-escalate… Most drugs are generic, 

we do not feel sure about the drug quality so not confident to de- 

escalate.” (FGD, junior staff) 

Group 1 more frequently discussed issues related to AMS imple- 

entation, including the need for human resources, strong lead- 

rship support, and clear definitions of responsibilities for AMS 

taff. Group 2 more frequently discussed guidelines and pharmacy- 

elated aspects because there were more activities in guideline de- 

elopment and use and pharmacy involvement in AMS in these 

ospitals. Pharmacists in Group 2 implemented reviews of antimi- 

robial prescriptions retrospectively or prospectively (frequency 

aried from weekly to once every few months), while in Group 1 

harmacists only joined clinical consultations on request from doc- 

ors and were more involved in drug procurement procedures than 

atient care. 

.2. Assessment based on core elements 

.2.1. Leadership 

The national AMS guideline was considered important guid- 

nce for implementing AMS in hospitals. Leadership commitment 

nd support was an essential condition for an effective AMS pro- 

ramme: 

“Lack of resources is not unique to any hospital. It is more im- 

portant that there is leadership consensus and support and united 

commitment of the staff for the stewardship programme… We 

have enough guidance from the MoH, and we can learn from the 

models from other hospitals.” (IDI, microbiology, female, 36 years 

old) 

.2.2. Accountability and responsibility 

Five hospitals established a separate AMS committee, one 

ormed an AMS subcommittee under the existing Drug and Treat- 

ent Committee, and one did not establish an AMS committee in 

heir hospital. Participants in the hospital without an AMS commit- 

ee expressed the need for establishing this to help improve their 

ntimicrobial prescribing practices. The composition of AMS com- 

ittees/subcommittees followed national guidelines, which were 

ed by a representative of the hospital director board and included 

embers from all relevant departments. One common concern 

aised in the hospitals with an AMS committee/subcommittee was 

hat no full-time staff was responsible for AMS, even for the core 

taff co-ordinating the programme: 

“Our core AMS team includes ten staff with multiple responsibili- 

ties including their core job responsibilities. Most of these are part 
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Table 2 

Summary of implementation status and representative quotes about key activities as part of the antimicrobial stewardship (AMS) programme in the studied hospitals 

Activity Summary Representative quotes 

Guidelines Two specialised hospitals (Group 2) developed and 

regularly updated antimicrobial treatment guidelines 

based on local microbiological evidence and integrating 

risk stratifications for infection with multidrug-resistant 

organisms and hospital-acquired infections. These 

guidelines were available also in a mobile app and 

handbook, and in one hospital integrated into the 

hospital information system. In other hospitals, doctors 

used the national guideline and guidelines from 

nationally recognised hospitals. The national guideline 

was criticised for a lack of details for specific clinical 

conditions 

“The guideline by the Ministry of Health and our actual clinical practices 

are too different, I have to say frankly. It is now more for insurance 

purposes and needs to be more practical. ” (FGD, senior staff) 

Education activity At one hospital with active implementation, at the 

beginning of the programme, some key AMS staff were 

sent for international training on stewardship in Taiwan. 

At this hospital, training on hospital-specific 

antimicrobial treatment guidelines was provided to staff

regularly to increase awareness and compliance. For other 

hospitals, staff only attended ad hoc workshops and 

training on related topics organised by external partners 

including pharmaceutical companies 

“Training on antimicrobial drugs and AMR should be more regular for us to 

update our knowledge. I remember I had some training two or three years 

ago, so not so often. ” (IDI, respiratory internist, female, 33 years old) 

Building IT and 

data capacity for 

AMS activities 

There was a lack of IT capacity to support AMS activities 

in all hospitals, except for the hospital with the most 

active programme. 

Routine data were not summarised to provide regular 

feedback to doctors on AMR and antibiotic use. AMR data 

summary was reported to the hospital level on a 

semi-annual or annual basis. Hospitals also submitted 

annual reports on antimicrobial consumption and 

antimicrobial susceptibility to the MoH 

“I think the use of electronic medical records should be implemented 

because patient stratification prior to treatment is very important. Secondly, 

it would make things easier for us as pharmacists in controlling or 

approving drugs for patients because it would contain more information. 

Now we are still using paper medical records, we can’t visit each 

department to approve drugs for patients, so it is very difficult .” (FGD, 

junior staff at a 1000-bed general hospital with four clinical pharmacists) 

Pre-authorisation This process was accomplished by the treating doctor 

calling for a higher-level consultation (department level 

or hospital level) and seeking approval prior to use for 

treatment with restricted antibiotics by head of the 

clinical department, clinical pharmacist (if available), 

head of pharmacy and director board representative. 

However, there were shortcuts in the procedure and 

restricted drugs were still used before consultations and 

approval 

“Yes, we have tried to follow the procedure, and we reminded doctors 

frequently. However, sometimes this was done only to meet the 

requirements, the treating doctor checked with the chief doctor during the 

night shift to have the approval later. In principle, we need to have 

consultations before approval and use but in reality this could not be done 

all the times, so they prescribed and left the form blank for signature later. ”

(IDI, quality control/emergency doctor, male, 35 years old) 

Audit and feedback Review of antimicrobial prescriptions was done 

prospectively or retrospectively at three hospitals. Review 

results were summarised in reports and communicated 

back to head of reviewed departments in hospital-wide 

or departmental meetings. Prospective review was 

conducted most rigorously at an infectious diseases 

hospital, and at this hospital advice from the AMS team 

for the prescribers was easily accessible to the 

prescribing doctors. Prospective review was also partially 

adopted at one national general hospital at a few clinical 

wards but was limited due to lack of staff capacity 

“Currently we have six clinical pharmacists ( > 2000-bed hospital), but there 

is too much work including drug procurement and authorisation, so we have 

not got much time for clinical visits. We only focus on some wards with 

high antimicrobial use including ICU… This is done on a weekly basis, 

mainly to check if drugs have been approved before use and if they were 

used appropriately. ” (IDI, clinical pharmacist, female, 54 years old) 

Documentation of 

treatment 

All treatment plans including antibiotic treatment for 

each patient were to be specified on a daily basis 

following the MoH documentation format. Doctors 

usually document the drugs and reasons for using the 

selected treatment, but not the planned date for review 

or stop. The frequency of reviewing treatment plans by 

doctors depended on clinical severity: around 24 h for 

severe patients and 2–3 days for non-severe patients 

“We usually write in the medical records that culture results were returned 

with the AST results and that we adjusted antibiotics based on the AST 

results… We treat with the duration based on what we learned, we don’t 

write the anticipated stop date. ”(IDI, ICU doctor, male, 32 years old) 

Monitoring and 

reporting 

Microbiology and pharmacy department made summary 

reports annually or every 6 months to the management 

board and for the MoH. These were usually fed-back to 

heads of departments through emails but not directly to 

individual prescribers. Appropriateness of prescriptions 

was not monitored regularly in five hospitals. 

One significant difficulty was a lack of IT capacity to 

support AMS activities, and pharmacy staff have been 

struggling with monitoring patient antimicrobial 

prescriptions with the current paper-based system 

“In this AMS program, the responsibilities of clinical pharmacists are very 

high. When reading the guideline, I felt very tired, surveys, evaluations, 

guidelines and other things… with only the pharmacy in charge. The 

pharmacy department does not have many staff. The clinical pharmacists 

now just focus on the bidding process, and rarely visit the wards for clinical 

work. ” (FGD, senior staff) 

“No evaluation here because doctors are hesitant about appropriateness of 

prescriptions being monitored and there are insufficient clinical pharmacists 

available to monitor .” (FGD, senior staff) 

(Both quotes from the same FDG at > 2000-bed hospital with six clinical 

pharmacists) 

AMR, antimicrobial resistance; AST, antimicrobial susceptibility testing; FGD, focus group discussion; ICU, intensive care unit; IDI, in-depth interview; IT, information tech- 

nology; MoH, Ministry of Health Viet Nam. 

215 



V.T.L. Huong, T.T.D. Ngan, H.P. Thao et al. Journal of Global Antimicrobial Resistance 27 (2021) 212–221 

Fig. 1. Summary of main actors influencing doctors’ prescribing practices for antimicrobial drugs and implementation of antimicrobial stewardship (AMS) programmes in 

the study hospitals. Solid arrows indicate direct influence, and dotted arrows indicate participating in the AMS team. 
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of the hospital director board. How can they have time to check 

medical records? So we need to have treating doctors to help re- 

view medical records.” (IDI, AMS co-ordinator/pharmacy, female, 

34 years old) 

.2.3. Expertise on infection management 

Each hospital not specialised in infectious diseases had a de- 

artment of infectious diseases/tropical medicine. These doctors 

re often called in when there are complicated cases with signs 

f infection. There was good collaboration between clinical depart- 

ents, and all participants commented positively on the access to 

nfectious diseases consultations. 

Quality-controlled microbiology services are available at all 

tudy hospitals with support from several international organisa- 

ions including Oxford University Clinical Research Unit (OUCRU) 

nd the CDC. However, the level of use and quality of services 

aries greatly, with higher data use and engagement in AMS at two 

pecialised hospitals for infectious diseases. At one of these two 

ospitals, the chief clinical microbiologist was actively involved in 

roviding consultations for patient antimicrobial treatment (usu- 

lly through daily phone calls). Among other hospitals, lack of trust 

n sample collection (which is usually performed by nurses at the 

ard) and therefore culture results as well as lack of communica- 

ion between microbiology and clinical doctors contributed to the 

ow use of microbiology services: 
216 
“Interaction between microbiology and clinical doctors is currently 

very weak. In many cases, microbiology results do not correspond 

to the clinical symptoms of patients, possibly due to contamination 

in specimen collection.” (IDI, quality control/emergency, male, 35 

years old) 

“We can tailor our treatment based on susceptibility results, how- 

ever, we need to consider the fact that not all specimens are taken 

correctly and therefore ask whether we can trust the results of sus- 

ceptibility testing.” (FGD, junior staff) 

Interactions between pharmacists and clinical doctors occurred 

ostly as consultations for clinical cases that required clinical 

harmacy input (reported in five hospitals). Following the national 

MS guidelines, clinical pharmacists were required to develop spe- 

ific antibiotic use guidelines and training and to monitor antibi- 

tic use and compliance. These roles and responsibilities were con- 

idered challenging by the participating pharmacists: 

“Clinical pharmacy recently received more support and made more 

contacts with doctors … although it differs per clinical pharma- 

cist. To reach the expected level for clinical pharmacists we need 

to increase their capacity because most of them are young with 

limited experience in order for them to communicate with our ID 

doctors who have years of clinical experience.” (IDI, quality con- 

trol/emergency doctor, male, 35 years old) 



V.T.L. Huong, T.T.D. Ngan, H.P. Thao et al. Journal of Global Antimicrobial Resistance 27 (2021) 212–221 

Fig. 2. Frequency of the main themes regarding antibiotic prescribing and antimicrobial stewardship (AMS) implementation discussed by the participants in two hospital 

groups. Bars represent the number of times each theme emerged in the transcripts, with each scale interval corresponding to a frequency of 50. AMR, antimicrobial resistance; 

PAF, prospective audit and feedback to prescribers. 
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Overall, there is a gap in clinical interactions between micro- 

iology, pharmacy and clinical departments in all study hospitals 

ith the exception of the hospital with the most active AMS pro- 

ramme: 

“We need to improve the collaboration between microbiology, 

pharmacy and clinical departments for more effective antimicro- 

bial management. Currently, the difficulties are more from micro- 

biology, they lack resources to participate in specialised issues, lack 

of connection with doctors and clinical pharmacists, so this area is 

still left behind.” (FGD, senior staff) 

.2.4. Education and training 

There is no formal training for AMS either at undergraduate 

r postgraduate level for medical professionals and pharmacists in 
217 
iet Nam. The participants expressed the need for training on clin- 

cal pharmacy (for pharmacists), updates on new drugs and new 

athogens, local AMR patterns, research evidence on the quality 

f generic drugs, clinical microbiology (for microbiologists), infec- 

ion diagnosis, antimicrobial drug interactions and incompatibil- 

ty/effective combination therapies for doctors, and infection con- 

rol. 

.2.5. Other specific actions aiming at responsible antimicrobial use 

Two of the seven hospitals developed hospital-specific antibi- 

tic treatment guidelines based on local evidence. At one hospi- 

al with successful implementation of treatment guidelines, strong 

eadership commitment and support for the AMS team was con- 

idered to be the driving factor. 
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Fig. 3. Staff perceptions about antimicrobial resistance (AMR), antimicrobial prescribing and antimicrobial stewardship (AMS) at their hospital. MDRO, multidrug-resistant 

organisms. 
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Despite the fact that not all hospitals established their own 

MS teams, all study hospitals applied the guidance on antibi- 

tic pre-authorisation policy as recommended in the national AMS 

uideline, partly also for insurance reimbursement requirements. 

rospective audit and feedback to prescribers were performed in 

wo hospitals in Group 2, and retrospective review of antimicro- 

ial prescriptions was done on an ad hoc basis in all hospitals. 

.2.6. Monitoring and surveillance/reporting and feedback 

In all hospitals, the pharmacy department only monitored data 

n the amount of antibiotics supplied to clinical wards, not the 

ctual antibiotic administration. Appropriateness of antibiotic use 

as monitored through retrospective review of medical charts on 

n ad hoc basis in all hospitals and through prospective audit 

nd feedback activity in two hospitals in Group 2; results were 

eported to hospital leaders and heads of clinical wards and oc- 

asionally shared at national/regional meetings. Common issues 

iscussed by the participants in monitoring antimicrobial use in- 

luded lack of staff to review medical charts and no software to 

upport this activity. 

.3. Survey on perceptions and attitudes among staff

The survey results overall showed similarity among staff per- 

eptions regarding AMR, prescribing practices and AMS pro- 

rammes between hospitals and between groups 1 and 2 ( Fig. 3 ). 

n both groups, staff largely agreed that AMR was an important 

roblem at their institution, that adherence to IPC procedures was 
218 
xcellent, that AMS was positive for patient care and controlling 

MR, and that they adhered to the intravenous–oral switch. 

Although both groups stated that they considered local suscep- 

ibility patterns when empirically prescribing antimicrobials (44/57 

s. 23/33; P = 0.59), more participants in Group 1 agreed that 

heir hospitals did not do enough to control AMR through surveil- 

ance (35/57 vs. 7/33; P = 0.0 0 053). Similarly, Group 1 participants 

ere more likely to agree that their hospital did not provide ad- 

quate staff education and training on multidrug-resistant organ- 

sms, but this difference was not statistically significant (16/57 vs. 

/33; P = 0.063). Participants in Group 1 were more likely to con- 

ider that restrictions on antimicrobials impaired their ability to 

rovide good patient care (21/57 vs. 4/33; P = 0.023). More par- 

icipants in Group 1 also disagreed with the statement that their 

ospital had an effective AMS programme, although this difference 

id not reach statistical significance (11/57 vs. 1/33; P = 0.0062). 

When asked about the perceived levels of resistance in their 

nstitution for common bacterial pathogens, the responses varied 

idely among the surveyed staff in all study hospitals (Supple- 

entary Fig. S1). Among the nine bug–drug combinations, the 

ean amount of divergence in the perceived levels in compari- 

on with the measured proportions from surveillance was high- 

st for Acinetobacter baumannii–carbapenem [31.39%, 95% confi- 

ence interval (CI) 25.08–37.71%], followed by Escherichia coli–

hird-generation cephalosporin (29.77%, 95% CI 24.80–34.74%) and 

ethicillin-resistant Staphylococcus aureus (29.26%, 95% CI 24.43–

4.08%) and lowest for vancomycin-resistant enterococci (17.03%, 

5% CI 11.94–22.12%) ( Table 3 ). Results from the multivariable 

ixed-effects model showed that staff working in surgery were 
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Table 3 

Factors associated with the amount of divergence in staff’s perceived proportion of resistance in comparison with reported proportion 

of resistance from the surveillance data; results from a multivariable mixed-effects model for perceived resistant proportions of all 

bacteria–antibiotic combinations 

Factor Mean (95% CI) group value (%) a Model coefficient b P- value 

Study group 

Group 1 26.21 (24.22–28.20) Ref. 

Group 2 22.60 (19.79–25.41) –1.41 0.88 

Age of participants – –0.18 c 0.72 

Bacteria–antibiotic combination 

Escherichia coli–third-generation cephalosporin 29.77 (24.80–34.74) Ref. 

Klebsiella pneumoniae –carbapenem 17.24 (13.72–20.75) –13.17 0.00052 

Klebsiella pneumoniae –third-generation cephalosporin 23.01 (19.13–26.89) –6.91 0.070 

Pseudomonas aeruginosa–carbapenem 26.91 (22.67–31.16) –3.91 0.30 

Pseudomonas aeruginosa–ceftazidime 22.40 (17.18–27.62) –6.77 0.080 

Pseudomonas aeruginosa–ciprofloxacin 26.63 (22.32–30.94) –1.22 0.75 

Acinetobacter baumannii–carbapenem 31.39 (25.08–37.71) 4.81 0.20 

Methicillin-resistant Staphylococcus aureus 29.26 (24.43–34.08) 0.79 0.84 

Vancomycin-resistant enterococci 17.03 (11.94–22.12) –16.46 < 0.0001 

Years of work at the hospital 

> 20 years 19.05 (14.54–23.56) Ref. 

16–20 years 27.23 (23.43–31.03) 8.62 0.37 

11–15 years 25.52 (21.61–29.43) 14.95 0.19 

6–10 years 24.54 (21.84–27.24) 10.01 0.36 

1–5 years 22.39 (18.71–26.06) 8.52 0.54 

< 1 year 35.78 (25.77–45.79) 18.06 0.26 

Department 

ICU 24.85 (21.91–27.79) Ref. 

Internal medicine 27.94 (24.94–30.94) 5.20 0.21 

Surgery 36.38 (29.53–43.23) 17.88 0.09 

Microbiology 17.87 (14.34–21.40) –6.55 0.23 

Pharmacy 18.51 (13.63–23.39) –9.54 0.21 

Others 22.59 (18.11–27.07) 0.06 0.99 

CI, confidence interval; ICU, intensive care unit. 

NOTE: Linear mixed model was fit using the lmer function in lmerTest package in R program v.4.0.0. 
a Mean group value represents the amount of divergence in staff’s perceived proportion of resistance in comparison with the 

reported proportion of resistance from the surveillance data. 
b Model coefficient represents the difference in the amount of divergence between the group of interest in comparison with the 

reference group under each factor. 
c For every year increase in age. 
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ore likely to give an incorrect proportion of resistance (compared 

ith the measured proportion from surveillance) with the high- 

st amount of divergence (36.38% 95% CI 29.53–43.23%) among the 

epartments. Working in a hospital with an established AMS pro- 

ramme (Group 2) did not significantly influence the amount of 

ivergence in the perceived compared with the measured propor- 

ions of resistant organisms. 

. Discussion 

Here we describe the factors associated with implementation 

f AMS programmes in 7 of 16 hospitals in the VINARES network 

n Viet Nam [14] . Our findings show a complex matrix of factors 

nd actors that can influence AMS activities and ultimately doc- 

ors’ prescribing practices, from the national to the local level. Our 

urvey also shows that AMS programmes were perceived positively 

y hospital staff in providing an impact on patient care and con- 

rolling AMR. The uptake and impact of AMS programmes varied 

reatly among the hospitals in this study, as was also reported 

n a national quantitative survey [17] . This reflects the fact that 

mplementation was highly contextual and reliant on local lead- 

rship commitment, local resources and capacity, and the profes- 

ional characteristics and interactions in each institution. In addi- 

ion, our study confirms that the composition of the AMS team and 

ollaboration between different departments determine the suc- 

ess of AMS programme activities [25] . 

Although variations exist, in many AMS programmes the inte- 

ral roles of clinical microbiologists and clinical pharmacists are 

mphasised [27] . However, communication on antimicrobial pre- 

cribing still remains mostly between clinical doctors in our study, 
219 
hile interactions with microbiology or pharmacy are limited to 

raditionally defined roles (providing information on test results 

nd drugs). Both clinical microbiologists and pharmacists lack clin- 

cal training, experience and self-confidence to debate with clini- 

al doctors about antimicrobial prescribing. This is a common chal- 

enge for AMS implementation in LMIC hospital settings [28] . There 

as also a lack of understanding by doctors on what clinical mi- 

robiology can provide to support them in antimicrobial treatment. 

mportantly, doctors need to have more understanding of local cu- 

ulative susceptibility data and be able to use this evidence to 

uide empirical treatment. 

The role of clinical pharmacists has received more policy atten- 

ion in recent years as evidenced by the 2016 Vietnamese Phar- 

acy Law. This law requires clinical pharmacists to review pre- 

criptions for medications in their hospital, examine the patient 

edical records, and report to the director board [29] . The core 

MS team recommended in the MoH updated guideline includes 

nly two roles: clinical doctors and clinical pharmacist [16] . Fulfill- 

ng the AMS responsibilities with the current capacity of clinical 

harmacists is a challenge for the hospitals in this study. Future 

olicy directions should clearly aim to improve the staffing capac- 

ty for AMS in hospital, from providing training options in the for- 

al education programmes to establishing sufficient staffing stan- 

ards for hospitals in the country. 

The AMS staffing recommendation in high-income countries is 

round two to six full-time equivalents per 10 0 0 acute-care beds 

30] . The regional consensus statement on AMS in Asia [31] rec- 

mmends having an infectious diseases specialist leading the pro- 

ramme with day-to-day support from clinical pharmacists in a 

ultidisciplinary team, which also includes a clinical microbiolo- 
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ist, clinicians with expertise in IPC and epidemiology, and infor- 

ation technology experts. The amount of reported hours dedi- 

ated to AMS programmes per week in a recent international sur- 

ey was on average 13, 8 and 6 h for pharmacist, infectious dis- 

ases doctor and clinical microbiologist, respectively, for hospitals 

n Asia ( n = 25) compared with 32, 15 and 5 h in North America

 n = 49) and 18, 8 and 11 h in Europe ( n = 190) [18] . The recently

ssued recommendation in Viet Nam for the core AMS team is to 

ave at least three staff in large hospitals and one staff in small 

ospitals (clinical doctors and/or clinical pharmacists) (not speci- 

ying whether or not these staff should be full-time) [16] . More 

pecific policy mechanisms are still required to enable hospitals in 

ollowing such recommendations to effectively implement AMS ac- 

ivities. 

The main strength of this mixed-methods study is that we in- 

luded a wide range of hospital staff from different clinical and 

on-clinical departments and included hospitals with active and 

ess-active AMS programmes to participate in the study to ob- 

ain a comprehensive picture of AMS implementation in Viet Nam. 

e also included multiple data collection methods and recruited 

oth experienced and junior staff to ensure the richness and cross- 

alidation of data. Nonetheless, there are several limitations that 

eed to be discussed. First, we included hospitals based on their 

illingness to participate in this study, therefore the participat- 

ng hospitals were likely to have higher levels of interest in AMS 

mplementation than those refusing participation. In addition, we 

nly contacted hospitals in the VINARES network, which consists 

f national and provincial level hospitals involved in AMR surveil- 

ance that receive support from government and international fun- 

ers and organisations [ 14 , 32 , 33 ]. Therefore, the findings may not

e representative of all provincial and national level hospitals. 

urthermore, our sample did not include district level hospitals 

684/1150 public hospitals in Viet Nam [34] ). Further research will 

lso be required to quantitatively evaluate the impact and cost ef- 

ectiveness of AMS programmes in order to provide more concrete 

vidence to support AMS planning and implementation for hospi- 

als in Viet Nam and other LMICs. 

. Conclusions 

AMS programmes have been implemented at the studied hos- 

itals in response to MoH guidelines, although at varying levels of 

eadership commitment and staff engagement. A higher level of 

eadership support and commitment to AMS has led to a higher 

evel of engagement in AMS activities from the AMS teams and 

ffective collaboration between departments involved. There is a 

ood opportunity for hospitals in implementing AMS programmes 

s the impact of such AMS programmes on patient care and AMR 

re perceived positively by staff. Building AMS staffing capacity 

ailored to local conditions, creating recommendations on how 

MS staff can be effectively funded, and developing standards for 

MS education and training are urgently needed to help improve 

rogramme implementation in hospitals in Viet Nam and similar 

MICs. 
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