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Background. Pharmacies are popular first points of contact for mild infections in the community. Pharmacy services in many 
countries have expanded to include vaccines and point-of-care tests. In low- and middle-income countries such as Vietnam, poor 
enforcement of regulations results in substantial volumes of over-the-counter antibiotic sales. Point-of-care tests could provide an 
economically viable way to reduce antibiotic sales, while still satisfying customer demand for convenient healthcare. C-reactive 
protein point-of-care testing (CRP-POCT) can reduce antibiotic prescribing for respiratory illness in primary care. Here, we 
explore the acceptability and feasibility of implementing CRP-POCT in pharmacies in Vietnam.

Methods. We conducted a mixed-methods study between April and June 2021. A customer exit survey with 520 participants 
seeking acute respiratory infection treatment at 25 pharmacies evaluated acceptability and willingness-to-pay (WTP) for CRP- 
POCT and post-service satisfaction. Factors driving customers” acceptance and WTP were explored through mixed-effects 
multivariable regression. Three focus group discussions with customers (20 participants) and 12 in-depth interviews with 
pharmacists and other stakeholders were conducted and analyzed thematically.

Results. Antibiotics were sold to 81.4% of patients with CRP levels <10 mg/L (antibiotics not recommended). A total of 96.5% 
of customers who experienced CRP-POCT supported its future introduction at pharmacies. Patients with antibiotic transactions 
(adjusted odds ratio [aOR], 2.25; 95% confidence interval [CI], 1.13–4.48) and those suffering acute respiratory infection 
symptoms for more than 3 days (aOR, 2.10; 95% CI, 1.08–4.08) were more likely to accept CRP-POCT, whereas customers 
visiting for children (aOR, 0.20; 95% CI, .10–.54) and those with preference for antibiotic treatment (aOR, 0.45; 95% CI, 0.23– 
0.89) were less likely to accept CRP-POCT. A total of 78.3% (95% CI, 74.8–81.7) of customers were willing to pay for CRP- 
POCT, with a mean cost of US$2.4 (±1.1). Customer’s income and cost of total drug treatment were associated with increased 
WTP. Enablers for implementing CRP-POCT included customers’ and pharmacists’ perceived benefits of CRP-POCT, and the 
impact of COVID-19 on perceptions of POCT. Perceived challenges for implementation included the additional burden of 
service provision, lack of an enabling policy environment, and potential risks for customers.

Conclusions. Implementing CRP-POCT at pharmacies is a feasible and well-accepted strategy to tackle the overuse of 
antibiotics in the community, with appeal for both supply and demand sides. Creating an enabling policy environment for its 
implementation, and transparent discussion of values and risks would be key for its successful implementation.
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Vietnam has amongst the highest levels of antibiotic use and an
tibiotic resistance in Asia [1, 2]. Economic reforms during the 
1980s and 1990s transformed Vietnam from a low-income to a 
lower to middle-income country (LMIC) by 2013. These reforms 
also facilitated an increase in the number of private drug retailers 
[1]. The drug retail system includes more than 60 000 pharmacies 
and is Vietnam’s most popular first point of contact for primary 
care. A national survey on pharmacy sales of antibiotics in 2016 
showed that nearly 30% of drug sale transactions at pharmacies in
cluded purchasing antibiotics [3]. Although Vietnamese regulations 
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require that antibiotics be sold only with a prescription, regula
tions are not enforced, and approximately 90% of pharmacy an
tibiotic transactions are made without a prescription [4].

Minimizing inappropriate sales of antibiotics at pharmacies 
is vital for preventing and controlling the spread of antimicro
bial resistance (AMR), but pharmacy interventions tackling 
this issue in LMICs are limited [5]. Most interventions focus 
on education and enforcement of regulatory barriers [6, 7]. 
However, economic drivers and widespread misconceptions 
about the role of antibiotics also need to be addressed. 
Point-of-care testing (POCT) services to guide antibiotic 
treatment are promising because they can compensate for 
lost profits from not selling antibiotics while still satisfying pa
tients’ demands for convenient healthcare and providing visu
al evidence to improve understanding of when antibiotics are 
unnecessary [8].

C-reactive protein (CRP), an acute marker of inflammation, 
is a biomarker that can be used to guide antibiotic treatment in 
patients with acute respiratory infections (ARI), the most com
mon reason for antibiotic supply in the community [9, 10]. 
Levels of CRP increase in response to inflammation, infection, 
or injury and are generally raised in bacterial infections, but not 
in viral infections. CRP point-of-care testing (CRP-POCT) to 
guide antibiotic use in primary care has been widely studied 
in high-income countries and found to reduce inappropriate 
prescribing of antibiotics [11, 12]. In Vietnam, 2 randomized 
controlled trials showed that the use of CRP-POCT in primary 
care settings significantly reduced antibiotic prescribing in pa
tients with nonsevere ARIs without compromising their recov
ery or inducing serious adverse events [13, 14]. There is also 
evidence that CRP testing may be useful in low-resource set
tings to improve rational antibiotic use for other conditions, 
such as acute febrile illness, but the positive predictive value 
might not be sufficient to allow it to be used alone as a single 
tool for these conditions [15].

The potential benefits of implementing CRP-POCT at phar
macies have been studied in several countries. A pilot study in a 
rural pharmacy in North Staffordshire, UK, evaluated the po
tential use of CRP-POCT to reduce demand for general practi
tioner services for respiratory tract infections. Of patients who 
received CRP-POCT at pharmacies, 95% reported that if the 
service had not been conducted, they would have otherwise vis
ited the general practitioner and expected to be prescribed an
tibiotics [16]. A study in Western Australia showed that 50.9% 
of pharmacy customers with ARI changed their perceptions 
regarding their need for antibiotics after receiving CRP test 
results [17]. A parallel cluster randomized controlled trial in 
Nigeria showed that using CRP-POCT in pharmacies reduced 
antibiotic dispensing for ARIs by 15.7% [18].

These findings suggest that the implementation of 
CRP-POCT at pharmacies has the potential as an intervention 
to reduce community antibiotic use. However, the lack of 

POCT services currently available at pharmacies in Vietnam 
means that evidence on acceptability and willingness-to-pay 
(WTP) for such a service is required to guide policymakers, 
alongside information about potential enablers and challenges.

This study investigates the acceptability and feasibility of in
troducing CRP-POCT to guide referral for antibiotic treatment 
for ARIs at pharmacies in northern Vietnam.

METHODS

Study Design and Settings

We conducted a mixed-methods study using an explanatory se
quential design. A customer exit survey was conducted to esti
mate acceptance and WTP for CRP-POCT and the factors 
driving their decisions. We collected qualitative data through 
focus group discussions (FGD) and in-depth interviews (IDI) 
to gain further insight into these factors and other aspects 
not captured in the quantitative component. (Supplementary 
Document 1 provides a diagram explaining our study design.) 
Quantitative data and most qualitative data (all FGDs and 9 of 
12 IDIs) were collected in Nam Dinh City, an urban area locat
ed 90 km southeast of Hanoi, where neither malaria nor dengue 
are endemic. We also conducted 3 IDIs in Hanoi to provide 
perspectives from a larger urban setting.

Sampling and Participant Recruitment

We used a multistage sampling procedure to select pharma
cies and participants for the exit survey. We obtained a list 
of the pharmacies registered with the local health authority, 
contacted pharmacy owners via phone, and randomly selected 
25 pharmacies from those willing to participate. A sample size 
of 520 customer exit interviews would be needed to estimate 
both the proportion accepting CRP-POCT and the mean 
WTP. We estimated that half of them (n = 260) would be will
ing to pay for CRP-POCT and would be offered the test. The 
sample size of 260 was also sufficient to estimate the propor
tion of unnecessary antibiotic transactions (Supplementary 
Document 2). To reach the required sample sizes, interviewers 
approached customers after completing a medication transac
tion and screened against the eligibility criteria to recruit 20 to 
21 individuals at each pharmacy. They included customers 
aged 18 years and older seeking treatment for mild ARI for 
themselves or relatives (Supplementary Document 3 provides 
details of eligibility criteria). Limiting the number of custom
ers recruited in each pharmacy to around 20 also allowed our 
study team to control for the risk of accidentally approaching 
the same patient more than once, which could lead to mea
surement errors.

In the qualitative component, we used purposive sampling to 
select respondents representing stakeholders who could pro
vide rich insights to inform potential CRP-POCT implementa
tion in the future [19]. We recruited 20 customers into FGDs 
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and 6 pharmacists into IDIs from those who participated in the 
exit survey. IDIs, with other participants in Nam Dinh City, 
were selected by local study staff to provide relevant insights 
to inform potential implementation of CRP-POCT services in 
the future. They included 1 general practitioner, 1 pediatrician, 
and 1 local health authority official. For perspectives from a 
larger urban area, we also selected 2 pharmacists and 1 medical 
device wholesaler for IDIs in Hanoi.

Data Collection Procedures

We collected data between April and June 2021. There were lo
calized COVID-19 outbreaks during this period, but no com
munity transmission in the study area.

Quantitative data were collected through face-to-face exit 
interviews using a structured questionnaire (Supplementary 
dDocument 4). The interviewers were local preventive medi
cine physicians and nurses, trained over 3 days in interviewing 
skills, performing CRP-POCT, and Good Clinical Practice. For 
each customer, an interviewer first screened against eligibility 
criteria and interviewed eligible, consenting participants about 
demographic information, reasons for their visit to the phar
macy, and treatment transactions. Then, they described 
CRP-POCT and asked if the participant accepted it as an 
out-of-pocket service to improve antibiotic targeting. The par
ticipants who accepted were invited to a bidding game to elicit 
their WTP and randomly allocated to 1 of 4 different starting 
prices (Supplementary Document 5 describes how a bidding 
game was implemented). CRP-POCT was offered to the first 
10 to 11 participants among those accepting the CRP-POCT 
at each pharmacy. We reported CRP test results to customers, 
asked about their satisfaction with the service, and how the re
sults would influence the use of any antibiotics they had already 
bought. Each customer, whether they were willing to use 
the CRP-POCT or agreed to be tested or not, was paid 
VND100,000 (∼US$4) as compensation for their time (approx
imately 45 minutes). We treated different groups of partici
pants equally to avoid interview bias.

We conducted the data collection in 3 different rounds: 5 
pharmacies in the first round, 10 pharmacies in the second 
round, and 10 pharmacies in the final round. Completed data 
collection forms were regularly sent to a study coordinator 
(B. B. P.) to check for completeness and other errors and re
ported to a study investigator (N. V. N.). The quality of the 
data collection was checked by 2 coordinators (V. T. K. and 
B. B. P.) and 1 investigator (N. V. N.). Regular meetings be
tween data collectors, study coordinators, and study investiga
tors were arranged during data collection to discuss issues that 
occurred and how to address them.

We used the Actim CRP Rapid Test from Medix Biochemica 
(Espoo, Finland), costing 2.5€ ($USD2.7) per test [20]. The test 
is a simple lateral flow device with minimal training require
ments that uses capillary blood obtained through a finger/ 

heel puncture. The test provides a semiquantitative indication 
in under 5 minutes of whether CRP concentrations are 
<10 mg/L, between 10 and 40 mg/L, between 40 and 80 mg/L, 
or >80 mg/L. We did not use the CRP test results to guide 
treatment because they were conducted after customers had 
already transacted with the pharmacist, but we determined 
the appropriateness of any antibiotic treatment given. In the 
absence of danger signs of severity, guidance CRP levels 
were: below 10 mg/L = no antibiotics recommended; between 
10-40 mg/L = antibiotics unlikely to be needed but patients 
would be advised to seek further medical guidance and antibi
otics could be considered in cases of high clinical concern (in
cluding those who were systemically very unwell, those with a 
preexisting comorbidity, those currently using oral corticoste
roids or those with a history of congestive heart failure); above 
40 mg/L = antibiotics recommended and patients advised to 
seek further medical guidance [20]. The test was used for re
search use only, and all test procedures were conducted and 
interpreted by medical professionals for the specific purposes 
of our study.

Qualitative data were collected through face-to-face, audio- 
recorded interviews using interview guides (Supplementary 
Document 6). Participants of FGDs were grouped into 3 groups 
according to their acceptance of the CRP-POCT service: those 
who accepted the service (10 participants), those who refused 
the service (4 participants), and 1 mixed group (6 participants). 
The homogenous groupings enabled respondents to share their 
opinions comfortably, whereas the mixed group allowed re
spondents to argue against opposing opinions.

Data Analysis

The quantitative analysis used descriptive statistics to investi
gate the feasibility of implementing CRP-POCT to support 
ARI management at community pharmacies. Primary out
comes included the proportion of customers accepting 
CRP-POCT and mean WTP. Reasons for refusing the service 
were also reported and ranked by the frequency of answers.

Mean WTP was estimated only among respondents who 
were willing to pay for the service. WTP and other monetary 
data were collected in Vietnamese Dong and converted to US 
dollars using the 2021 World Bank exchange rate: USD$1 =  
VND23,159.78 (https://data.worldbank.org/indicator/PA.NUS. 
FCRF). We reported WTP corresponding to different initial bid
ding prices to see the impact of starting point bias.

Determinants of accepting CRP-POCT were explored 
through mixed-effects logistic regression. Determinants of 
WTP for CRP-POCT were explored through mixed-effects lin
ear regression. Variables included in the models were identified 
through a literature review of previously published studies [21, 
22]. In both models, pharmacy ID was included as a random 
effect to consider clustering effects by pharmacy. Fixed effects 
included age, sex, educational class, income group, customer’s 
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perception of antibiotic role, antibiotic transaction, child pa
tient, prior visit to doctor, duration of illness, type of pharmacy, 
cost of treatments, and degree of satisfaction with pharmacy 
service. The initial bid price was also included in the model 
as a fixed effect to investigate the impact of starting point 
bias on WTP.

To investigate the appropriateness of antibiotic use, we cal
culated the proportion of patients with antibiotic transactions 
for each CRP level, among the 260 tested participants. Those 
with CRP <40 mg/L were considered inappropriate—antibiotic 
treatment would not have been recommended or was unlikely 
to be needed. We also reported the proportions of customers 
supporting the introduction of CRP-POCT at pharmacies, 
trusting in pharmacists’ capacity to undertake the test, and con
firming they would change their behavior toward antibiotic use 
following the test results.

In the qualitative analysis, we performed a thematic analysis 
using inductive coding [23]. The analysis consisted of 5 steps: 
(1) familiarizing with data, (2) generating initial codes from 
an inductive and data-driven process, (3) searching for themes 
and subthemes and extracting data related to them, (4) review
ing themes at the level of the coded data extracts and at the level 
of the entire dataset, and (5) defining themes and creating a the
matic map illustrating the relationships between sub-themes 
and themes. One person (N. V. N.) performed the data analysis, 
and the thematic map with corresponding quotations was pre
sented internally among the coauthors and externally with 2 
health service researchers to gain additional perspectives.

R version 3.3.3 was used for the quantitative statistical anal
ysis, and QSR International’s NVivo 11 Software was used for 
the qualitative statistical analysis.

Ethical Considerations

The study was reviewed and approved by the National Institute 
of Hygiene and Epidemiology Institutional Review Board in 
Biomedical Research (IRB-VN01057) and Oxford Tropical 
Research Ethics Committee, University of Oxford (Reference 
529-19). All patients/participants provided their written in
formed consent to participate in this study.

RESULTS

Characteristics of Participants in Exit Surveys

Of 55 pharmacies that responded to our invitation to join the 
study, 42 (76.4%) accepted it. Among 13 pharmacy owners 
who refused to join our study, 8 were afraid of the risks of 
COVID-19 transmission because of long interactions between 
interviewers and customers, and 5 did not give a reason. 
Twenty-five pharmacies were randomly selected from these 42 
pharmacies, where we approached a total of 577 customers seek
ing treatment for ARIs and invited them to join the study. A total 
of 528 (91.5%) accepted. The main reason for refusing was lack 

of time (87.8%). The study interviewers screened these 528 pa
tients against the eligibility criteria. Eight were not eligible and 
520 were recruited to the study (Supplementary Document 7).

Of 520 surveys, 40.6% (211/520) were conducted at privately 
owned pharmacies, 34.8% (181/520) at chain pharmacies, and 
24.6% (128/520) at retail pharmacies in hospitals/clinics. The 
median age of participants was 41.5 years (interquartile range, 
31–58 years); 71.7% were female, and nearly half had a univer
sity/college or higher (49.5%) degree. Participant’s average 
monthly household per capita income was USD$264.4 (± 
129.1). A total of 78.3% believed that antibiotic treatment was 
necessary in their situation and 79.4% bought antibiotics. 
Only 8.3% saw a doctor before their pharmacy visit. The major
ity of customers visited the pharmacy to seek treatment for 
adult patients (90.8%) and for an illness lasting equal to or 
less than 3 days (74.6%). The mean cost of total drug treatment 
was USD$3.6 (± 4.0). Almost all customers were either very sat
isfied (81.8%) or satisfied (18.1%) with pharmacy services in the 
region (Table 1).

Acceptability and Willingness-to-pay

A total of 407 of 520 participants (78.3%; 95% confidence interval 
[CI], 74.5–81.7]) would be willing to pay for CRP-POCT at a 
pharmacy. For the 113 people who refused the service, the 
most common reason was the time constraint (40.8%), followed 
by fear of needles, pain, and bleeding (23.9%) (Figure 1A). Of 
those who were willing to pay, 260 were offered an actual 
CRP-POCT and 147 were provided with a descriptive scenario. 
Mean WTP among the customers accepting CRP-POCT as an 
out-of-pocket service was $USD2.4 (± 1.1), of whom 36.5% 
were willing to pay the price higher than $USD2.2 (VN 50 000), 
and 5.4% were willing to pay at a price higher than $USD5.4 
(VND 150 000). The mean WTP of low initial bidding prices 
was lower than that of high initial bidding prices, showing a po
tential impact of starting point bias (Figure 1B).

Determinants of Acceptability and Willingness-to-pay

Our results showed that visits with antibiotic transactions (ad
justed odds ratio [aOR], 2.25; 95% CI, 1.13–4.48; P = .020) and 
patients suffering ARI symptoms for more than 3 days (aOR, 
2.10; 95% CI, 1.08–4.08; P = .027) were associated with higher 
acceptance of CRP-POCT. Meanwhile, visits for children (aOR, 
0.20; 95% CI, .10–.54; P < .001) and customers with a prefer
ence for antibiotic treatment (aOR, 0.45; 95%, CI, 0.23–0.89; 
P = .022) were associated with lower acceptance (Table 2).

We also found that customers’ income and the cost of the to
tal drug treatment were associated with increased customers’ 
WTP for CRP-POCT (Table 3). Varied initial bidding prices 
were associated with varied WTP, showing the impact of start
ing point bias. We examined the robustness of the main model 
by comparing results with another model that used the original 
values of WTP instead of transforming them into log values 
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(Supplementary Document 8). Similar results between the 2 
models show robustness of the findings.

Unnecessary Antibiotic Transactions and Post-test Perceptions

Unnecessary sales/treatment with antibiotics was very com
mon. Among the 213 CRP-tested patients with antibiotic trans
actions, 94.4% had CRP levels below 10 mg/L (antibiotic 

treatment should not have been provided), and 5.6% had 
CRP levels between 10 and 40 mg/L (antibiotic treatment was 
unlikely to be needed) (Table 3). No patient had CRP levels 
above 40 mg/L (antibiotic treatment was necessary). Of the 
260 customers receiving CRP-POCT, 96.5% agreed that the ser
vice should be offered at pharmacies in the future, 97.7% main
tained their pretesting WTP, and 81.2% trusted in pharmacists’ 
capacity to undertake the testing procedure. However, only 
27.7% of the CRP-tested patients with antibiotic transactions 
said they would change their decision on antibiotic use follow
ing the test result (Table 4).

Enablers and Challenges for the Implementation of CRP-POCT at 
Pharmacies

Figure 2 shows the main themes and sub-themes that emerged 
from our qualitative data analysis, representing enablers and 
challenges for CRP-POCT implementation. Verbatim quotes 
from the panel to illustrate the themes and sub-themes on en
ablers and challenges for CRP-POCT implementation in phar
macies are presented in Box 1.

Enablers included customers’ and suppliers’ perceptions of the 
benefits of the CRP-POCT service. Respondents noted that im
plementing CRP-POCT at pharmacies would improve antibiotic 
targeting and welcomed convenient access to a diagnostic testing 
service usually provided only at hospitals. They also thought it 
would help prevent the adverse outcomes of unnecessary antibi
otic treatment. The CRP-POCT procedure was considered easy 
to undertake and compatible with the current pharmacy infra
structure. It could help strengthen the professional image of 
the pharmacy and compensate for lost revenue from not selling 
antibiotics. The COVID-19 pandemic also acted as an enabler 
through changes in healthcare-seeking patterns. Experiences of 
using COVID-19 rapid test kits during the COVID-19 pandemic 
increased people’s trust in pharmacy POCT services.

Challenges included perceptions about the feasibility of de
livering CRP-POCT within current pharmacy transactions. 
Concerns were raised about time constraints and the risk of in
fection from finger-prick tests in pharmacies. There were also 
concerns about the lack of an enabling environment for suc
cessful implementation, including the persistent habit of over
using antibiotics in the community, the lack of a legal 
framework to regulate pharmacy POCT services, and the per
ceived limitations in pharmacist skills to correctly interpret 
the test. Finally, there were concerns about risks to the integrity 
of healthcare, such as the potential for misdiagnosis with 
CRP-POCT, increased inter-professional conflicts, and the 
promotion of inappropriate self-medication practices.

DISCUSSION

We found that CRP-POCT to improve antibiotic targeting 
was well accepted by pharmacy customers, and the WTP 
threshold was realistic. Nearly 80% of pharmacy customers 

Table 1. Baseline Characteristics of Participants

Number Of 
Customers  
(n = 520)

Customer’s age, median [1st, 3rd quartiles] (y) 41.5 (31–58)

Female sex (n [%]) 373 (71.7)

Highest education (n [%])

Preliminary school 143 (27.5)

High school 108 (20.8)

University/college and higher degree 261 (50.2)

Unclassified (prefer not to say) 8 (1.5)

Mean (± SD) household monthly income per persona 

(2021 $USD)
260.5 (± 127.6)

Income group classified by average household monthly income per person  
(n [%])

< VND 3 000 000 (< $USD129.5) 82 (15.8)

VND 3 000 000–5 000 000 ($USD129.5–215.9) 205 (39.4)

> VND 5 000 000 (>$USD215.9) 229 (44.0)

Unclassified (prefer not to say) 4 (0.8)

Customer’s perception on the role of antibiotics to the patient’s condition

Antibiotic treatment is needed 407 (78.3)

Antibiotic treatment is not needed 113 (21.7)

Antibiotic transaction

Yes 413 (79.4)

No 107 (19.6)

Visiting pharmacy to seek treatments for (n [%])

Adults 472 (90.8)

Childs 48 (9.2)

Seeing a doctor prior pharmacy visit (n [%])

Yes 43 (8.3)

No 477 (91.7)

Duration of illness (n [%])

±3 d 388 (74.6)

>3 d 132 (25.4)

Mean (± SD) cost of total drug treatment ($USD) 3.6 (4.0)

Type of pharmacy visited

Privately owned (neighborhood) pharmacy 211 (40.6)

Retailed pharmacy chain 181 (34.8)

In-hospital/in-clinic retailed pharmacy 128 (24.6)

Degree of satisfaction to pharmacy service in the regionb, (n [%])

Very satisfied 422 (81.8)

Satisfied 94 (18.1)

Neutral 4 (0.8)

Dissatisfied 0 (0)

Very dissatisfied 0 (0)
aHousehold monthly income per person was calculated by dividing their household’s total 
income from by the number of individuals who belong to her or his household.  
bDegree of satisfaction with pharmacy services of a consumer was extrapolated from their 
answer to a question using 10-point Likert scale as following: very satisfied (9–10 points), 
satisfied (7–8 points), neutral (5–6 points), dissatisfied (3–4 points), and dissatisfied (1–2 
points).
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seeking treatments for ARIs were willing to pay for 
CRP-POCT with a mean WTP of USD$2.40. This is just un
der the cost of the Actim test we used (USD$2.70) but falls 
within the cost range of different CRP-POCT products 

approved in Europe and the United States (USD$1–7) [20]. 
Antibiotics were sold to more than 80% of patients with 
CRP levels below 10 mg/L, for whom they were unlikely to 
have been needed. More than 95% of customers who 

Figure 1. (A) Acceptability of CRP POCT service for patients with ARIs at pharmacies and the reasons leading to rejection (our interviewers asked the participants rejecting 
the service by an open-ended question. The answers were subsequently labeled and categorized in the themes shown). (B) Willingness-to-pay for CRP-POCT service and the 
relationship between price (x axis) and the proportion of customers willing to pay at least the presented price (y axis) in VND currency.
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experienced CRP-POCT confirmed that it should be offered 
at community pharmacies.

Our qualitative findings confirmed the high acceptability 
of CRP-POCT. Customers perceived CRP-POCT as a visual 
and reliable tool to improve antibiotic targeting and minimize 
adverse outcomes of unnecessary antibiotic treatment. The 
COVID-19 pandemic likely facilitated the acceptability of 
POCT services at community pharmacies through the role 
of pharmacies in supplying and performing COVID-19 
POCTs. Globally, management of the COVID-19 pandemic 

demonstrated the benefits of rapid tests to a wide spectrum 
of customers and other stakeholders and increased demand 
for other POCT services in pharmacies [24].

Although 96.5% of customers who experienced CRP-POCT 
supported its future introduction in pharmacies, only 27.7% 
stated that they would change their decision about antibiotic 
use according to the CRP result and 69.0% were unsure about 
how the test result would influence their decision. This was 
much lower than what was found in Western Australia, where 
50.9% of customers changed their perception of their need for 

Table 2. Factors Driving the Acceptability and the Willingness-to-pay for the CRP-POCT Service at Community Pharmacies

Variables

Acceptabilitya Willingness-to-payb

Acceptance rate (%, n/N) Adjusted odd ratio (95%CI) P-value β (SE) P-value

Age - 0.99 (.97–1.00) .169 −0.004 (0.002) .075†

Sex

Male 83.0 (122/147) (ref) (ref) .504

Female 76.4 (285/373) .65 (.37–1.15) .140 −0.025 (0.058)

Education class

Preliminary school 78.3 (112/143) (ref) (ref) …

High school 81.5 (88/108) 1.03 (.49–2.18) .942 .060 (.081) .537

University/college or higher degree 79.3 (207/261) 1.37 (.67–2.83) .384 .044 (.082) .471

Income groups

< VND 3 000 000 (< $USD129.5) 74.3 (61/82) (ref) (ref)

VND 3 000 000–5 000 000 ($USD129.5–259.1) 87.8 (180/205) 1.02 (.48–2.14) .968 0.266 (0.081) .001**

> VND 5 000 000 (> $USD259.1) 79.3 (182/229) 1.15 (.55–2.40) .704 0.232 (0.079) .004**

Customer’s perception on the necessity of antibiotic treatment

Antibiotic treatment is not needed 82.0 (118/144) (ref) (ref)

Antibiotic treatment is needed 76.2 (289/376) .45 (.23–.89) .022* 0.004 (0.067) .950

Antibiotic transaction

Yes 80.4 (332/413) 2.25 (1.13–4.48) .020* 0.124 (0.075) .100

No 70.1 (75/107) (ref) (ref)

Visiting pharmacy to seek treatments for

Child 54.5 (22/44) .23 (.10–.54) <.001*** 0.109 (0.118) .353

Adult 80.5 (383/476) (ref) (ref)

Seeing a doctor prior pharmacy visit

Yes 79.0 (34/43) 1.19 (.36–3.91) .781 −0.064 (0.144) .657

No 83.2 (397/477) (ref) (ref)

Duration of illness

≤ 3 d 73.7 (286/388) (ref) (ref)

>3 d 84.1 (111/132) 2.10 (1.08–4.08) .029* 0.029 (0.070) .667

Cost of total drug treatment - 1.00 (.95–1.07) .816 0.134 (0.061) .027*

Type of pharmacy visited

Privately owned pharmacy 75.2 (159/211) (ref) (ref) …

Retailed pharmacy chain 81.2 (147/181) .51 (.15–1.78) .292 0.156 (0.127) .230

In-hospital/in-clinic pharmacy 83.6 (107/128) .40 (.11–1.43) .155 −0.116 (0.136) .400

Degree of satisfaction to pharmacy service - .77 (.37–1.61) .507 0.002 (0.042) .954

Initial bidding price - - - 0.059 (0.120) <.001***

β, beta-coefficients; SE, standard error.  
aA mixed effects logistic regression model with odd ratios (ORs). Fixed effects included age, sex, education class, income groups, customer’s perception on the role of antibiotic treatment, 
status of purchasing antibiotics, child patients, status of seeing doctor at a prior pharmacy visit, duration of illness, type of pharmacy, cost of total drug treatment. and degree of satisfaction to 
pharmacy service. Random effect included pharmacy ID.  
bA mixed effects linear regression model with participants’ WTP transformed into log values. The log transformation was made because the distributions of WTP values were right skewed 
while the distributions of their log transformed values were more normalized. Fixed effects included age, sex, education class, income groups, customer’s perception on the role of antibiotic 
treatment, status of purchasing antibiotics, child patients, status of seeing doctor prior pharmacy visit, duration of illness, type of pharmacy, cost of total drug treatment, degree of satisfaction 
to pharmacy service, and initial bidding price (to consider starting point bias). Random effect included pharmacy ID.  

***P < .001, **P < .01, *P < .05, †P < .10.
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antibiotics [17]. From our qualitative findings, we believe that 
the community’s long-standing desire for antibiotics, concerns 
about accuracy and the potential for misdiagnosis, and public 
confidence in pharmacists’ competence may contribute to cus
tomers’ reluctance to change their behavior. Although the first 
factors may take time to address, increasing public confidence 
in pharmacists’ competence should be addressed in a timely 
and appropriate manner for such innovative pharmacy-based 
interventions to be introduced to the public. In Australia, pub
lic trust in pharmacists’ competency was found to be an en
abler, whereas in our study, some raised this concern. Our 
qualitative findings echoed other studies, with respondents 
raising concerns about pharmacies staffed by sellers with little 
or no formal pharmacy training. Introducing CRP-POCT first 
at large pharmacies staffed with degree-qualified pharmacists 
trained in the responsible use of antibiotics could help.

Customers’ belief in the role of antibiotics decreased custom
ers’ acceptance of CRP-POCT in the quantitative component 
and was mentioned as a challenge for implementation in the 
qualitative component. This has also been observed in previous 
studies, in which the social belief in the ubiquitous role of anti
biotics is among the major drivers of antibiotic overuse [25, 26]. 
This suggests that CRP-POCT introduction must be harmonized 
with interventions aiming to improve community awareness. 

The lower acceptance among customers seeking treatments for 
children, also confirmed by qualitative findings, demonstrates 
that CRP-POCT is not a one-size-fits-all approach and may 
need to be tailored for particular population groups.

Our analysis highlighted the importance of gaining insight 
into the introduction of the CRP-POCT intervention from a 
market access perspective, in terms of both researching cus
tomer behavior and pricing CRP-POCT. First, we found that 
customers who had ARI symptoms for more than 3 days 
were more likely to accept the service. This means that custom
ers were only willing to pay out of pocket to understand the 
cause of a suspected illness if they had been bothered by the 
symptoms for a certain time. Second, we found that customers’ 
income was associated with higher WTP. This suggests that the 
socioeconomic context needs to be considered for correct pric
ing and sustainable implementation of CRP-POCT [27]. 
Although pharmacy owners in wealthy regions, with customers 
willing to pay higher prices for CRP-POCT, might find it 
straightforward to price the service, those in low-income re
gions might struggle to find a suitable price to balance custom
ers’ WTP and profitability.

Inter-professional conflicts of interest between pharmacists 
and primary care doctors and the lack of a legal framework 
and treatment guidelines for implementing CRP-POCT at com
munity pharmacies were raised as potential barriers to imple
mentation. Implementation of CRP-POCT would need to be 
considered within the context of the local healthcare system. 
Recent efforts by the Vietnamese Ministry of Health to decen
tralize the healthcare system, decrease the burden on services 
at higher level facilities, and enhance the capacity of primary 
care settings might be an enabler to the introduction of 
CRP-POCT at pharmacies. Similar efforts to improve access to 
primary care services through pharmacies are already being 
rolled out in other countries, such as the Pharmacy First initia
tive in the United Kingdom [28]. This service will allow pharma
cists to supply medicines for 7 common health conditions, 
including earache, sore throat, and urinary tract infections. 
However, concerns have been raised that this could have serious 
consequences for antibiotic overuse and AMR unless POCT is 
also used [29]. The perspectives of Vietnamese policymakers 
on how CRP-POCT services at pharmacies could align with de
centralization efforts would be valuable, alongside insights into 
integrating CRP-POCT into the health system and establishing 
a legal framework for implementation. This study contributes 

Table 4. Customer’s Perceptions After Experiencing the CRP-POCT 
Service

Total Patients Offered CRP-POCT (N = 260)

Do you think that this CRP-POCT service should be offered at community 
pharmacies?

Yes 96.5 (351/260)

No 3.5 (9/260)

Would you like to change your previous decision on WTP after experiencing 
CRP-POCT?

Yes—increased WTP 0 (0/260)

Yes—decreased WTP 2.3 (6/260)

No—remained WTP 97.7 (254/260)

Do you think pharmacists can undertake the test?

Yes 81.2 (211/260)

No 18.8 (49/260)

Would you change your decision on antibiotic purchase following the 
recommendation of the testing result?

Yes 27.7 (59/213)

No 3.3 (7/213)

Unsure 69.0 (147/213)

Table 3. C-reative Protein Test Results of the Total Patients With Acute Respiratory Infection Symptoms who Were Offered CRP

Total Patients Undertook CRP  
POCT (N = 260)

Patients With Antibiotic  
Transactions (N = 213)

Patients Without Antibiotic  
Transactions (N = 47)

CRP < 10 mg/L, % (n/N) 95.0 (247/260) 94.4 (201/213) 97.9 (46/47)

10 mg/L ≤ CRP < 40 mg/L, % (n/N) 5.0 (13/260) 5.6 (12/213) 2.1 (1/47)

CRP ≤ 40 mg/L, % (n/N) 0 (0/260) 0 (0/213) 0 (0/47)
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important evidence on the acceptability, efficacy, and potential 
risks of CRP-POCT that can be taken to further discussions 
with policymakers in Vietnam. Evaluating the efficacy of 
CRP-POCT testing in pharmacies on reducing antibiotic supply 
without affecting patient’s health outcomes would be the next 
step towards generating evidence required for policymakers.

Previous studies have shown that CRP is not a gold standard 
biomarker for the diagnosis of bacterial infections, and there is 
a risk of misdiagnosis when making decisions based on CRP 
levels alone. The development of diagnostic algorithms accord
ing to different CRP cutoffs needs to be included in future re
search. In addition, the use of semiquantitative CRP tests is 
simple and very convenient in pharmacies, but their cutoffs 
for decision making may not be ideal or in line with the current 
standard of care. In our study, 12 of 213 patients (5.6%) tested 
had CRP levels between 10 and 40 mg/L, which would have re
quired further clinical judgment to determine the appropriate
ness of antibiotic treatment. Current standards often use the 
20–30 mg/L cutoff as a lower limit for not prescribing antibiot
ics [30]. However, because our test kit did not have this cutoff, 
patients with CRP levels between 10 and 40 mg/L were still clas
sified as unlikely to require antibiotic treatment. This may lead 
to misclassification. Furthermore, host-directed testing is not 
the only approach for POCT to guide antibiotic treatment. 
Pathogen-directed testing for bacterial ARI infections is not 
available in primary care settings in Vietnam, but future studies 
could consider this. However, few pathogen-directed tests are 
sufficiently accurate for use at point-of-care, and utility would 

vary widely depending on local etiologies [31, 32]. Single tests 
of host inflammation, such as CRP, are likely to be more cost- 
effective and thus more attractive to pharmacy customers who 
are paying out of pocket, than pathogen-directed testing where 
multiple tests may be required [33].

This is the first study investigating the acceptability and 
WTP for CRP-POCT in support of managing ARIs at commu
nity pharmacies in an LMIC setting. Compared with 2 studies 
in high-income countries, our study had a larger sample size 
and used a more standardized method to value customers’ 
WTP (iterative bidding game vs a single multiple-choice ques
tion to elicit WTP). It is also the first study on this topic con
ducted after the start of the COVID-19 pandemic, enabling 
this study to consider the impact of the pandemic on the ac
ceptability of POCT services in pharmacies. A parallel cluster 
randomized controlled trial in Nigeria showed that the use of 
CRP-POCT reduced antibiotic dispensing for ARIs by 15.7% 
at private pharmacies. However, this study did not explore is
sues related to uptake or feasibility and was conducted in phar
macies where rapid diagnostic tests for malaria were also 
provided so that customers were already familiar with POCT 
services requiring finger-prick tests. Our qualitative research 
was more comprehensive than previous studies because we col
lected responses from diverse stakeholders representing those 
who might be involved in future service introduction rather 
than focusing on only 2 stakeholder (pharmacists [34]).

This study has several limitations. First, there are several fac
tors that may affect the representativeness of our findings. The 

Figure 2. Themes and subthemes represented as enablers and challenges for implementation of CRP-POCT at community pharmacies in support of appropriate.
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Box 1. Verbatim Quotes from the Panel to Illustrate the Themes and Sub-themes on Enablers and Challenges for CRP-POCT Implementation in 
Pharmacies

Customer perceived benefits Feasibility of delivering CRP-POCT within current pharmacy   

Providing reliable, visual evidence confirming whether antibiotics are 
needed 

“I know that using unnecessary antibiotics is not good, but we need 
evidence to rely on…So, if the test result confirms that I don't need 
antibiotics, I will follow it.” – Customer accepting CRP-POCT 

 
Preventing adverse outcomes of unnecessary antibiotic treatment 

“If such a service is available, it will be very useful and convenient… 
Taking unnecessary antibiotics is not good. It is like a double-edged 
sword. If we have no problem, taking unnecessary antibiotics just 
harms our liver and kidney and brings no benefit.” – Customer 
accepting CRP-POCT 
 
“Antibiotic resistance has been mentioned very often on public media 
and internet, help people know that using antibiotics for long will result 
in antibiotic resistance and difficulties to treat. So, if this test is 
available at pharmacies, I will be willing to pay for it.” Customer 
accepting CRP-POCT 

 
Reduced burden of accessing high-level healthcare services 

“I want this service to be available at community pharmacies because I 
don't want to go to hospitals if there is an alternative. It really costs 
time. It is busy there and always gives me a "heavy" feeling.” 

Time constraint 
“You can see how busy our pharmacy is. It is usually like this during 
the day...Our customers choose us because they expect pharmacy 
services to be quickly delivered. The test can be good, but I don't 
think it is suitable with the pharmacies which are often busy.” - 
Pharmacist – Chain pharmacy 
 
“It is a generally good service, but I will not buy it when I am busy. If 
I am free, I am fine with spend 5 to 10 minutes at the pharmacy. But if 
I am busy, I just want everything to deliver quickly so that I can go to 
work.” 
Customer refusing CRP-POCT 

 
Perceived risk of sample collection procedure 

“This test might not be for everyone. The young children aged 2- or 3-
years-old often panic when their fingers are pricked” - Customer 
refusing CRP-POCT 
 
“For this test or every procedure that can cause injury or bleeding, I 
only believe in hospitals. Hygiene conditions at home or other places 
such as pharmacies aren't good enough.” - Customer refusing CRP-
POCT 

Supplier perceived benefits Inadequate enabling environment for implementation success 

Improved professional image 
“I don't think it (CRP-POCT) will bring me much profit in terms of 
business, but it’s good to promote our pharmacy image. More customers 
will come if they know I put the benefits of customers first and can 
supply advanced services as in hospitals.” Chief pharmacist – Chain 
pharmacy 
 
Perceived feasibility and compatibility with pharmacy’s available 
infrastructure 

Long-standing desirability and misuse of antibiotics  
“It's going to be difficult. In Vietnam, people come to pharmacies 
because it is quick…Some people even don't know or care whether the 
pharmacist sells antibiotics. So, if this service is introduced, people can 
find it different from what they normally do. They will think that it is too 
complicated and eventually refuse.” - Provincial medical health officer 
 
Lack of regulatory framework 

“From what I saw, the testing procedure is simple. Undertaking point-of-
care testing is not a problem. We have a comfortable area to provide this 
service.” Pharmacy staff – Chain pharmacy 

Compensating revenue lost from not selling antibiotics 
“Selling antibiotics is not as profitable as people think. We buy a blister 
of cefalexin at VND 8,500 and sell it at VND 9,000. Competition 
between pharmacies is really tough. Providing this test is profitable and it 
can compensate sales lost from not selling antibiotics.” - Pharmacy staff – 
In-clinic pharmacy 

“As I know, we [Vietnam] don’t have any law regulating conduct of 

pharmacies have been allowed to sell the Covid diagnostic test. But I am 
not sure it will be similar for this test” - Device supplier 

Limited and uneven pharmacist competency and skills 
“At the moment, the majority of pharmacy staff at community 
pharmacies do not have college degrees. It is not easy to have a 
pharmacist who is qualified to undertake CRP testing and interpret the 
CRP result to the patient.” - Paediatrician 

Impact of the COVID-19 pandemic Concerns about risks

Increased use and credibility of pharmacy services 
“Although the COVID-19 pandemic has been quite well controlled here 
(Nam Dinh province), the volume of patients visiting provincial and 
district hospitals has reduced by between 25 and 50% since it began. It 
also happened to private clinics. Except for unavoidable situations, 
[patients] often choose pharmacies instead... Different from the previous 
habit that going to pharmacies just to buy medications, people need to 
buy other things like masks, hand wash gel and Covid-19 test kits. They 
place more trust in pharmacies, which might be convenient for 
introducing this service (CRP-POCT).”- Provincial medical health officer 

Increased demands for POCT services 
“The pandemic has made people know more about POCT and its benefit.  
They use it to know if they have COVID, for themselves and relatives. It 
was also confirmed as effective and reliable by regulators… They might 
have the same trust and be curious with a similar service. So, if your 
service is introduced now or soon, the pandemic can have some effect 
and make people accept it easier.”- Medical supplier 

Accuracy of CRP POCT and the potential of misdiagnosis  
“The main problem is accuracy. I don’t know if such a semi-quantitative 
test is reliable. Even clinical chemistry analysers at hospitals, which get 
sufficient internal and external quality assessment yearly, could still have 
errors. If the test kit does not provide accurate results, it will lead to 
inaccurate diagnosis.” - Device supplier 

Inter-professional conflicts of interest 
“The scariest situation is when people completely believe in this test and 
choose to visit a pharmacy instead of a doctor. Imagine if it is advertised 
at a pharmacy that ‘whenever you have cough, visit our pharmacy and we 
will let you know if you need antibiotics or not’, who will visit a medical 
doctor then?” - Primary care doctor 

Increased inappropriate self-medication practice 
“If this test is applied, I am afraid that people in community can overuse it. 
For example, if they trust in the test so much then they just conduct the test 
at home and decide the treatments for themselves, and don’t visit either 
doctor or pharmacy. So, pharmacist's consultancy will play an important 
role to prevent overuse [of the test].” - Pharmacist – Independent pharmacy 

diagnostic tests at private pharmacies. Since the Covid-19 pandemic, 
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study collected data mainly from 1 region (Nam Dinh city), 
which limits the representativeness of our findings for other 
settings (rural or other regions of Vietnam). Although the pro
portion of pharmacies that refused to participate in our study 
was low (<25%), and the majority justified their refusal on 
the grounds of avoiding the risk of COVID-19 infection for 
pharmacy customers, we could not eliminate the possibility 
of participation bias. Conducting our studies only in registered 
pharmacies also limits the extrapolation of results to unregis
tered pharmacies, which make up an important proportion of 
all pharmacies in LMICs like Vietnam. We targeted registered 
pharmacies because they were more accessible and more suit
able for the initial introduction of such an innovative interven
tion. As there is no published evidence on the demographic 
characteristics of pharmacy customers in Vietnam, we had no 
prior reference to check whether our study sample was repre
sentative. However, because the acceptance rate was >90%, 
the risk of participation bias was low and our participants 
may be representative of pharmacy customers in the relevant 
population. Second, collecting data during the COVID-19 pan
demic is both a strength and a limitation. The COVID-19 pan
demic might have influenced respondents’ perceptions about 
POCTs in pharmacies, but we do not know whether this influ
ence will be sustained in the long term. Pharmacy customers 
(both in terms of patterns and behaviors) during a pandemic 
could be also distinctive. Third, the testing procedure was con
ducted by study doctors and nurses instead of pharmacists after 
a pharmacy transaction had already occurred, and this might 
not be reflective of the scenario where CRP-POCTs are done 
by pharmacists before a transaction and might have affected 
both acceptability and WTP for CRP-POCT. Further research 
is needed to evaluate CRP-POCT in routine pharmacy practice, 
where test procedures are not standardized and performed by 
qualified health professionals. Fourth, similar to other WTP 
studies using an iterative bidding game to elicit WTP, we could 
not eliminate the influence of starting point bias. Although we 
applied best practices to reduce the potential for bias by using 
different initial bidding points, with the range obtained from a 
literature review, its impact was still confirmed in our regres
sion analysis. Finally, qualitative data analysis was conducted 
by 1 person (N. V. N.) with previous knowledge and experienc
es in pharmacy practice and health systems in Vietnam and 
could have been influenced by subjective opinions.

In conclusion, CRP-POCT services at community pharma
cies are a feasible and well-accepted strategy to tackle the over
use of antibiotics in the community. Widespread use of POCT 
during the COVID-19 pandemic is likely to have bolstered 
support for CRP-POCT. Potential challenges that need to 
be addressed to successfully implement CRP-POCT include 
creating an enabling environment for implementation and rais
ing awareness of benefits and risks among customers and 
stakeholders.
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