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ABSTRACT
Introduction  C-reactive protein (CRP), a biomarker of 
infection, has been used widely in high-income settings 
to guide antibiotic treatment in patients presenting with 
respiratory illnesses in primary care. Recent trials in 
low- and middle-income countries showed that CRP 
testing could safely reduce antibiotic use in patients with 
non-severe acute respiratory infections (ARIs) and fever 
in primary care. The studies, however, were conducted 
in a research-oriented context, with research staff 
closely monitoring healthcare behaviour thus potentially 
influencing healthcare workers’ prescribing practices. For 
policy-makers to consider wide-scale roll-out, a pragmatic 
implementation study of the impact of CRP point of care 
(POC) testing in routine care is needed.
Methods and analysis  A pragmatic, cluster-randomised 
controlled trial, with two study arms, consisting of 24 
commune health centres (CHC) in the intervention arm 
(provision of CRP tests with additional healthcare worker 
guidance) and 24 facilities acting as controls (routine 
care). Comparison between the treatment arms will be 
through logistic regression, with the treatment assignment 
as a fixed effect, and the CHC as a random effect. With 
48 clusters, an average of 10 consultations per facility 
per week will result in approximately 520 over 1 year, and 
24 960 in total (12 480 per arm). We will be able to detect 
a reduction of 12% to 23% or more in immediate antibiotic 
prescription as a result of the CRP POC intervention. The 
primary endpoint is the proportion of patient consultations 
for ARI resulting in immediate antibiotic prescription. 
Secondary endpoints include the proportion of all patients 
receiving an antibiotic prescription regardless of ARI 
diagnosis, frequency of re-consultation, subsequent 
antibiotic use when antibiotics are not prescribed, referral 
and hospitalisation.
Ethics and dissemination  The study protocol was 
approved by the Oxford University Tropical Research Ethics 
Committee (OxTREC, Reference: 53–18), and the ethical 

committee of the National Hospital for Tropical Diseases 
in Vietnam (Reference:07/HDDD-NDTW/2019). Results 
from this study will be disseminated via meetings with 

Strengths and limitations of this study

►► This study will be conducted as a pragmatic imple-
mentation study of the impact of C-reactive protein 
(CRP) testing outside of the research context, to 
minimise disruption and alteration of routine care, 
and better inform wide-scale implementation of CRP 
testing in management of patients with acute respi-
ratory infections in primary healthcare.

►► A cluster randomised controlled trial design will 
prevent the contamination effect that might occur in 
an individual randomised controlled trial, where the 
same prescribers see patients in both intervention 
and control groups, and might also reduce antibiotic 
prescriptions for patients in the control group.

►► A subsample of patients will be followed up over 
the phone and all patients’ medical records will be 
reviewed to assess levels of re-consultations and 
admissions to hospital, providing important informa-
tion regarding the safety and effectiveness of CRP 
testing in the real-life context of routine primary care 
in a resource constrained setting.

►► In a setting like Vietnam, where antibiotics are 
commonly accessed without prescription outside 
the formal healthcare setting, to achieve maximal 
impact of CRP testing interventions on antibiotic 
consumption at community level, further work in-
vestigating the potential for point-of-care CRP test-
ing in pharmacies and drug stores will be needed.

►► Factors other than the study interventions may in-
fluence records of antibiotic prescribing, including 
other programmes in the area, reporting bias and 
the effects of the COVID-19 pandemic.
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stakeholders, conferences and publications in peer-reviewed journals. 
Authorship and reporting of this work will follow international guidelines.
Trial registration details  NCT03855215; Pre-results.

INTRODUCTION
Antimicrobial resistance (AMR) is globally recognised as 
an important and growing problem in clinical settings, and 
Vietnam has AMR levels that are among the highest in the 
world.1 Reducing the inappropriate use of antibiotics has 
been shown to reduce the prevalence of antibiotic-resistant 
bacteria at the population-level in high-income countries,2 
but few rigorously evaluated, population-level interventions 
aiming to tackle AMR by reducing unnecessary prescribing 
have been implemented and tested in low- and middle-
income countries (LMICs). With 80% to 90% of human 
antibiotic consumption occurring in the community and 
the majority of these for patients with acute respiratory 
infections (ARIs),2–4 targeting interventions that can safely 
reduce antibiotic use in these cases could have a large 
impact on reducing overall antibiotic consumption.

Better targeting of antibiotics needs to start with simple 
tools to identify those patients presenting in the commu-
nity who will not benefit from antibiotic treatment. C-re-
active protein (CRP), a biomarker of inflammation, has 
been used for decades in high-income settings to guide 
this decision.5–8 A 2014 Cochrane review concluded that 
CRP was the best available biomarker to guide the use of 
antibiotics in ARIs.9 More recently a Vietnamese clinical 
trial showed that CRP testing could safely reduce anti-
biotic use in patients with mild ARIs in primary care in 
a LMIC. In this study, 2037 patients aged 1 to 65 years 
old were randomised to CRP point of care (POC) testing 
or routine care. Antibiotic prescription at first consulta-
tion in the CRP group was 43% compared with 63% in 
the routine care group (OR 0·31, 95% CI 0·34 to 0·49; 
p<0·0001). The duration of symptoms between the 
groups did not vary and few hospital admissions occurred 
(6/901 in the CRP group and 8/874 in the control 
group).10 A recent clinical trial in Thailand and Myanmar 
of 2410 febrile adults and children in whom the majority 
presented with respiratory symptoms, similarly found that 
CRP testing reduced antibiotic prescribing in primary 
care settings without affecting clinical outcomes (39% in 
control group compared with 36% in CRP group A, which 
used a threshold of 20 mg/L (adjusted OR (aOR) of 0.86, 
95% CI 0.70 to 1.06, p=0.17), and 34% in CRP group B 
which used a threshold of 40 mg/L to guide antibiotic 
prescription (aOR of 0.80, 95% CI 0.65 to 0.98, p=0.03).11

With extensive patient follow-up and in the presence of 
experienced research staff, these clinical trials provided 
important information regarding the safety and effectiveness 
of CRP testing in the context of primary care in Southeast Asia. 
The studies, however, were conducted in a research-oriented 
context, with research staff closely monitoring healthcare 
behaviour and thus potentially influencing healthcare 
workers’ prescribing practices (Hawthorne effect).12 Further-
more, the CRP tests used in these studies required desktop 

hardware for analysis, affecting affordability and scalability 
in primary care in many LMIC settings. For policy-makers 
to consider wide-scale implementation of CRP testing, what 
is most needed is a pragmatic implementation study of the 
impact of CRP testing in routine care, with no research staff 
on site, using well-validated and commercially available lateral 
flow tests suitable for use in low-level facilities by less skilled 
personnel. Administering and interpreting such tests, which 
are similar to malaria rapid diagnostic tests that transformed 
the community management of malaria, is simple and safe 
using capillary blood obtained from a finger-prick.

Rationale
In line with Vietnamese Ministry of Health (MoH) 
improvement programmes in enhancing capacity of 
grassroots level, the proposed study will be monitored 
and evaluated as a quality improvement project—the 
introduction of commercially available lateral flow CRP 
tests with international regulatory approval, as a routine 
care service to improve the management of patients with 
ARI and reduce unnecessary antibiotic prescribing. The 
study aims to address the research question, namely can 
POC CRP tests introduced in routine primary healthcare 
reduce prescription of antibiotics for patients with ARIs, 
outside of the research context. Recent MoH guidelines 
for healthcare services in primary care will be integrated 
into training materials for local healthcare workers before 
implementation.13 No research staff will be present, 
and to minimise disruption and alteration of routine 
care, a waiver of written patient informed consent has 
been obtained from the relevant ethical review boards, 
in accordance with the 2016 WHO/CIOMS Interna-
tional Guidance for Health-related Research Involving 
Humans.14 Instead, patients in intervention clusters will 
be provided with information concerning how the test 
can assist healthcare workers in identifying when antibi-
otics are required, after which they will be free to refuse 
its use. Patients who verbally agree to use the CRP test will 
be asked to sign in a logbook at study sites.

A systematic review based on studies from hospital 
settings suggested that CRP levels < 20 mg/L provided 
the best rule-out value for serious infections in febrile 
children.15 Previous trials evaluating use of POC tests 
for patients with ARIs in high-income countries used an 
algorithm with a CRP cut-off of <10 mg/L16 or <20 mg/L 
to encourage prescribers to withhold antibiotic prescrip-
tion.5 8 17 18 A clinical trial in Vietnam with patients 
with ARI used a threshold of 10 mg/L in children and 
20 mg/L in adults to delay antibiotic prescription.10 
These trials use quantitative readers which are unlikely 
to be affordable in resource constrained settings. In this 
study, we use the semi-quantitative test with three thresh-
olds of 10 mg/L, 40 mg/L and 80 mg/L. An algorithm 
with a CRP cut-off of <10 mg/L will be used to recom-
mend prescribers to wait and see (no antibiotics are 
recommended) for patients with ARI. The test selected 
for use in the study is the Actim CRP test from Medix 
Biochemica (Finland; ISO certification ISO13485:2016). 
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The test is a simple lateral flow device that uses capil-
lary blood, obtained through a finger/heel puncture. 
The test provides a semi-quantitative indication of 
whether CRP concentrations are <10 mg/L, between 10 
to 40 mg/L, between 40 to 80 mg/L or above 80 mg/L, 
in under 5 min with minimal training requirements. 
The test has been approved by the European regulatory 
body (CE (Cetification Europe)-marking) as well as in 
13 other countries around the world (including Swit-
zerland, Norway, Iceland, Israel and Thailand) and has 
been validated for accuracy in previous publications.19 20 
Our own research group has also confirmed the tests’ 
accuracy in both laboratory and field environments, 
including their thermostability at room temperature in a 
tropical climate.21 Considering five lateral flow CRP tests 
which are either CE or FDA (Food and Drug Adminis-
tration) marked and quote received, three tests (1.7US$, 
1.7US$ and 7US$ per test, respectively) providing low 
thresholds of 1, 3 and 10 mg/L; 5 and 10 mg/L; 3 and 
10 mg/L, respectively, which are not eligible for our cut-
off criteria. The other two are CE marked including CRP 
Rapid Test Cassette, Screen Italia, costs 0.9€ per test 
with threshold of 10 and 60 mg/L and Actim CRP Rapid 
Test (Medix Biochemia) with price of 2.5€ per test and 
thresholds of 10, 40 and 80 mg/L. Finally, we chose Actim 
CRP test from Medix Biochemica with higher price but 
preferable cut-offs.

Objectives
Primary objective
The primary objective of this study is to assess the impact 
of CRP POC testing on the proportion of patients aged 
1 to 65 years with ARI prescribed an initial antibiotic in 
routine primary healthcare.

Secondary objectives
The secondary objectives are to assess the consultation 
and prescription rates for patients with ARI aged 1 to 65 
years in the preceding year, overall antibiotic prescrip-
tion in all patients with ARI and those attending for 
non-routine visits in both study arms during the 1-year 
intervention, health workers’ adherence to guidelines 
regarding indications for using the CRP test and CRP test 
results to guide antibiotic prescription, referral rates in 
ARI patients aged 1 to 65 years, subsequent antibiotic use 
within 2 weeks of follow-up, duration of symptoms, re-con-
sultation rate within 30 days of attendance, hospitalisation 
within 2 weeks of attendance, the acceptability of CRP 
testing among healthcare workers and cost-effectiveness 
of the intervention compared with routine care.

METHODS AND ANALYSIS
We used the SPIRIT (Standard Protocol Items: Recom-
mendations for Interventional Trials) reporting guide-
lines for clinical trials.22

Study design
The study will be conducted for 1 year (from June 2020 
to May 2021) to allow for seasonal variations in ARI and 
prescribing. The intervention will be evaluated through 
a pragmatic, cluster-randomised controlled trial, with 
two study arms, consisting of 24 commune health centres 
(CHCs) in the intervention arm (provision of CRP tests 
with additional healthcare worker (HCW) guidance 
(initial training and desk reminder on the value of the 
test in guiding antibiotic prescription), and posters about 
test for both HCW and patients) and 24 CHCs acting as 
controls (routine care) (figure 1). Commune is a third-
level administrative subdivision of Vietnam. Communes 
have a lower status than provincial cities, towns or 
districts.23

Study setting
In the Vietnamese healthcare system, CHCs deliver 
most primary care services and national targeted health 
programmes to the population, especially in rural and 
mountainous areas, including hygiene, vaccinations, ante-
natal care, safe delivery and health education. Screening, 
examination, treatment and referrals for patients are 
also provided. In terms of coverage in Vietnam, 99% of 
communes have a CHC, 70% of these have a doctor; others 
have an assistant doctor who is a licensed presriber.24

The study will be conducted in 48 CHCs in three rural 
districts (Truc Ninh, Nam Truc and Y Yen) in Nam Dinh, 
a northern province of Vietnam (figure 2). This province 
is approximately 90 km from Hanoi, the capital city.

Eligibility criteria
For CHCs
CHCs that (1) serve a commune population larger than 
3000 individuals; (2) have an average caseload of between 
10 to 40 consultations per facility per week for ARI verified 
by checking the database system for the preceding year; 
(3) have a licensed prescriber; and (4) have an electronic 
database for reporting patient level data, are considered 
eligible for being selected to conduct the intervention. 
CHCs that have an antibiotic prescription rate for ARI of 
below 40% are considered as outliers and not typical of 
routine care.10

Figure 1  Study design - a cluster randomised control 
trial. ARI, acute respiratoryinfection; CHCs, commune 
healthcentres; CRP, C-reactive protein.
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For patients
Healthcare workers will be advised that use of the test 
should be restricted to patients within a recommended 
target population. The target population includes patients 
aged ≥1 and<65 years old;25 26 having a health insurance 
(HI) number to enable data linkage with district hospi-
tal’s database; visiting the CHC for a first consultation 
within 30 days with an ARI (as diagnosed by the health-
care worker); with at least one focal sign or symptom; 
and symptoms lasting less than 7 days. Focal signs and 
symptoms include (1) cough, (2) rhinitis (sneezing, nasal 
congestion or runny nose), (3) pharyngitis (sore throat), 
(4) shortness of breath, (5) wheezing, (6) chest pain 
or (7) auscultation abnormalities. The test will not be 
recommended in patients having a non-respiratory tract 
illness or patient with clinical signs of severity requiring 
referral to a higher-level facility based on the healthcare 
worker’s clinical assessment.13 27 Data for patients with a 
HI number is routinely recorded and reported. We will 
use this data to assess trial outcomes including hospitalisa-
tions, thus only patients with health insurance numbers 
will be included in analyses (although HCWs in the inter-
vention arm will be free to use the tests in patients without 
a HI number). Approximately 80% of patients at CHCs 
have HI.28

Intervention
CRP test
The Actim CRP Rapid Test (Medix Biochemica) will be 
made available to the HCWs at the intervention CHCs 
for use in patients in the target population. Printed guid-
ance will be issued for the performance and interpreta-
tion of the CRP test results in terms of antibiotic-guided 
treatment. The treating HCW will decide, based on their 
clinical evaluation, whether or not to comply with this 
guideline. This guidance will also be discussed during the 
training sessions.

As the purpose of the study is to establish whether anti-
biotic prescription rates can be reduced by using CRP 
POC test results, we recommend that the HCWs use 
the CRP tests in all patients in the recommended target 
population. In the absence of danger signs of severity, if 
the CRP test result is below the 10 mg/L cut-off, no anti-
biotics are recommended (wait and see). If the CRP test 
result falls between 10 mg/L and 40 mg/L, antibiotics are 
unlikely to be needed but should be considered in cases 
of high clinical concern (patients that are considered to 
be at higher risk of complications include patients who 
are systemically very unwell, patients with a pre-existing 
comorbidity, those currently using oral corticosteroids or 
those with a history of congestive heart failure).29 Antibi-
otics according to local guidelines are recommended if 
the CRP level is above 40 mg/L.

Based on the previous clinical trial of CRP testing in 
ARI in primary healthcare facilities in Vietnam, we antic-
ipate approximately 75% of patients to have CRP levels 
below 10 mg/L, 20% between 10 to 40 mg/L and 5% 
above 40 mg/L.10

Healthcare worker training
Before the CHCs are randomised, we will present an over-
view of the study to all local HCWs and provide education 
about the role of antibiotics, antimicrobial resistance, 
clinical assessment and management of ARIs and identi-
fication of clinical signs of severity as well as good clinical 
practice for research.

Additional training will be provided to HCWs in the 
intervention arm. Findings from previous CRP studies 
have been used to inform the training and guidance for 
HCWs. Face-to-face training will be provided on how the 
test could be used to inform their prescribing behaviour, 
and a practical session on CRP testing. Content will 
include: which patients should be offered CRP tests; CRP 
cut-off values; safety nets and caution in result interpreta-
tion (including danger signs as described in Intergrated 
Management of Childhood Illness (IMCI)30 31 and Inter-
grated Management of Adolescent and Adult Illness 
(IMAI)32 guidelines and for patients with comorbidities). 
HCWs will be advised that the CRP cut-offs are guide-
lines and that antibiotics can be prescribed or withheld 
according to their clinical judgement. If the HCW feels 
the patient requires referral to a higher-level facility this 
should be done without delay, and the CRP tests should 
not be used in these cases. The training will be provided 
by the study team in the local language. The CHCs and 
HCWs will be given a telephone number to contact should 
any queries arise during the study. Laminated posters and 
desk reminders with the CRP cut-off values will be given 
to the intervention sites.

Patient education
Patients with ARIs in all CHCs will be provided with an 
information leaflet regarding rational use of antibiotics 
in ARI, and the implications of overuse of antibiotics for 
the development of AMR. An additional section for the 

Figure 2  Map of Nam Dinh province where the intervention 
is being conducted. Loc, location.
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intervention sites will explain the role of CRP testing to 
guide antibiotic prescriptions. Based on the given infor-
mation, patients (or legally authorised representatives) in 
the intervention arm will freely decide whether they agree 
to do CRP test. Patients will be asked for verbal consent 
and to sign the CHC’s logbook.

Allocation and blinding
The 48 CHCs will be randomly allocated to one of the two 
arms, stratified by district, and by baseline prescription 
level. Stratified random allocation will be done in Stata 
14, using the randtreat command, with leftover CHCs 
(misfits) being allocated to maintain balance between 
strata. Due to the nature of the intervention, blinding 
of health-workers and patients to their allocation is 
not possible, though analysts and trial monitors will be 
blinded to the study allocation until the definitive analysis 
is performed.

Outcomes
The primary and secondary outcome measures for this 
study are shown in box 1.

Sample size
We will use data on prescription rates for the preceding 
year from the CHC electronic system to assess variability 
between clusters, and randomly allocate CHCs to either 
the intervention or routine care arm. If there are substan-
tial differences between clusters, we will consider stratifi-
cation, or excluding clusters with extreme values (beyond 
the exclusion criterion for CHCs of antibiotic prescrip-
tion rates below 40%). Sample size calculations are based 
on probabilities of 0.05 and 0.2 for Type I and Type II 
errors, respectively (ie, 80% power), and inter-cluster 
coefficients of variation (k) between 0.15 and 0.3. The 
intracluster correlation coefficient (ICC) of 0.11 found in 
the previous trial in Vietnam,10 is equivalent to k=0.25). 
The immediate antibiotic prescription rate in the control 
arm of the previous individually-randomised CRP trial in 
Vietnam was 64%, with a reduction to 44% in the inter-
vention arm (a 30% relative reduction).10

At each CHC, patients presenting with an ARI will be 
documented as normal in facility logbooks. For the anal-
ysis we will include data for patients with HI to enable 
data linkage with district hospital’s database for checking 
subsequent hospitalisation; these represent more than 
80% of the CHC attendees.28 With 24 clusters per arm (48 
in total), an average of 10 consultations of patients with 
HI per facility per week will result in approximately 520 
over 1 year, and 12 480 per arm (24 960 in total). We will 
be able to detect a reduction of 12% to 23% or more in 
immediate antibiotic prescription as a result of the CRP 
POC intervention (the range is dependent on the ICC—
the degree of variability between clusters).

For each CHC, 15 patients consulting during a specified 
period will be interviewed via phone call by CHC nurses at 
four time points spread over a 1-year period, synchronised 
across all CHCs. With 1440 2-week exit interviews per 

arm (2880 in total) we will also be able to detect a reduc-
tion of 15% to 24% or more in overall antibiotic use as 
a result of the CRP POC intervention. To estimate the 
proportion with subsequent antibiotic use and test the 

Box 1  Primary and secondary outcome measures

Primary outcomes
Proportion of patients aged 1 to 65 years, consulting for acute respiratory 
infection (ARI), who are prescribed initial antibiotics in the two study arms.

Secondary outcomes
a.	 The proportion of patients aged 1 to 65 years that consulted for ARI 

in the year preceding the study.
b.	 Proportion of patients aged 1 to 65 years, consulting for ARI, who 

were prescribed an antibiotic at the initial consultation in the year 
preceding the study.

c.	 Indications for C-reactive protein (CRP) test use including diagnosis, 
age, gender and the proportion of patients in whom use of the test 
was recommended that received the test.

d.	 Proportion of patients prescribed an immediate antibiotic in the in-
tervention arm with:
a.	 CRP <10 mg/L.
b.	 10 mg/L ≤ CRP ≤ 40 mg/L.
c.	 CRP >40 mg/L.

e.	 Proportion of patients receiving an immediate antibiotic with the 
denominator being:
a.	 All attendances.
b.	 All non-routine attendances.

f.	 Proportion of patients receiving an immediate antibiotic prescription 
by diagnosis, age, season, recorded fever and sex.

g.	 The proportion of patients with ARI aged 1 to 65 years referred to 
a higher level facility at the initial consultation by checking the e-
database of health insurance (HI) reimbursement or logbook at com-
mune health centre (CHC).

h.	 The proportion of patients with ARI aged 1 to 65 years who received 
subsequent antibiotics for any reason within 2 weeks of follow-up, 
verified by random subgroup patient exit interview via phone call 
follow-up after 14 days by CHC staff using follow-up questionnaire 
(online supplemental file 1). Subsequent antibiotics are defined as 
any antibiotic use within 2 weeks of follow-up excluding initial anti-
biotic prescriptions at CHC.

i.	 Duration of ARI symptoms (verified by random patient exit interview 
via phone call follow-up after 2 weeks by CHC staff).

j.	 Proportion of patients with ARI aged 1 to 65 years who re-attend the 
health facility within a 30-day period, and whether antibiotics were 
prescribed comparing intervention CHCs and controls.

k.	 Proportion of eligible patients with ARI aged 1 to 65 years who are 
hospitalised within a 2-week period (verified by accessing provincial 
and district hospitals’ database and random patient exit interview 
via phone call follow-up after 2 weeks by CHC staff) excluding pa-
tients referred at initial consultation.

l.	 Measure of usability and acceptability: pre-intervention and post-
intervention knowledge-attitude-practice (KAP) surveys will be 
conducted with all healthcare workers in both the intervention and 
control arms for their KAP on antibiotic use and antimicrobialresis-
tance (AMR). Healthcare workers in the intervention arm will also 
be asked whether the test was usable and useful and whether they 
support their continued use by semi-structured interview guides.

m.	 Measure of cost-effectiveness: A cost analysis will be carried out to as-
sess the budget implications for introducing the tests, accounting for the 
cost of treatments and referrals, and a cost-benefit analysis will compare 
any incremental costs with the modelled costs of AMR averted.

https://dx.doi.org/10.1136/bmjopen-2020-040977
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follow-up procedure, 360 patients per arm (720 in total) 
will be interviewed in the lead-in period (1 month before 
the intervention). The previous CRP trial conducted in 
Vietnam did not find differences in prescribing for chil-
dren and adults,6 but we will have sufficient power to 
detect substantial differences between subgroups if they 
exist. We would be able to detect a reduction in antibi-
otic use in subgroups of between 7 (1% of study popu-
lation) and 90 (17% of study population) patients per 
cluster—that is, the best-case scenario is a 30% reduction 
in antibiotic prescriptions and k=0.25 (ICC=0.11) (as in 
the previous CRP study), the worst-case scenario is a 23% 
reduction and k=0.3 (ICC=0.16). We would have less than 
80% power to detect a reduction smaller than 23% in 
a subgroup if the intercluster coefficient of variation is 
as high as or higher than 0.3. We considered including 
co-primary objectives as safety endpoints, but based on 
the previous CRP study in Vietnam,6 we believe that the 
absolute risk of an adverse outcome (ARI re-attendance, 
hospitalisation or death) for patients consulting for mild 
ARI is minimal. In our previous study in Vietnam there 
was a 1% hospitalisation rate, and a 0.3% to 0.5% re-at-
tendance rate. Based on these figures, we estimate that 
we will be able to detect an absolute difference in adverse 
outcomes (hospitalisation or re-attendance) of 0.7% 
(from 1.5% to 2.2%), with between 80% and 95% power. 
We anticipate a possible increase in immediate hospital 
referrals in patients with high CRP values.

Data management
Data collection
Quantitative data will be collected from all patients 
with HI attending the selected CHCs for a period of 
1 year through routine CHC logbooks. Each patient will 
be assigned a unique study number which will be used 
in data entry and the database in order to protect the 
patient’s identity. The study number will be made up 
of a CHC code (1 to 48 relating to the different CHCs), 
month (1 to 12) and sequential number in the CHC 
logbook (relating to the order of patient examination at 
each CHC). Electronic records containing data from the 
logbooks will be collected periodically throughout the 
study period, and used to create an electronic study data-
base (REDCap). Patients’ names and full addresses will 
not be included. All collected information will be anony-
mised and encrypted and data will be stored on secure 
computers only accessed by study investigators and data 
managers. Routine logbook data from all CHCs for the 
year preceding the study will be captured in order to 
identify any baseline variability in prescription rates for 
ARI patients, and to determine the number of patients 
meeting the target population for CRP testing.

The number of ARI consultations without CRP test 
results will also be collected from the patient screening 
logbook to evaluate the proportion of eligible population 
that do not receive CRP tests and associated reasons. As 
a safety endpoint, we will capture hospitalisation rates. 
We will collect admission data from the e-databases for 

HI reimbursement of the three district hospitals, for 
any patients who attended study CHCs in the previous 
month. Data will be linked using patients’ HI numbers. 
Data requested will include the dates of admissions and 
diagnoses within 30 days of visiting the CHC. In addi-
tion, for each CHC, 15 patients consulting during a spec-
ified period will be interviewed via phone call by CHC 
nurses at four time points spread over a 1-year period, 
synchronised across all CHCs, excluding once in lead-in 
period (total 2880 patients) (figure 3). This supplemen-
tary data is to test if there is any inconsistency in safety 
endpoints compared with data from provincial and 
district hospital’s database, as well as to collect data on 
subsequent antibiotic use. After data linkage, HI numbers 
will be dropped to protect patient anonymity.

In addition to data collection to assess the intervention’s 
impact on the primary outcomes, we will conduct pre-
intervention and post-intervention knowledge-attitude-
practice (KAP) surveys with all HCWs in both arms to 
compare their KAP on antibiotic use and AMR before 
and after intervention. HCWs in the intervention arm 
will be interviewed by semi-structured interview guides to 
assess usability and acceptability of CRP POC testing and, 
and a cost analysis to measure the cost-effectiveness of the 
intervention will also be performed.

Data coding
A list of diagnoses or descriptions of ARIs will be compiled 
using the retrospective data from the year preceding the 
start of the study; this will be done prior to the analysis of 
the primary outcome. Where possible diagnoses will be 
grouped into conditions such as acute tonsillitis or acute 
sinusitis. ARIs will also be grouped into upper and lower 
respiratory tract infections. ICD-10 (InternationalClassi-
fication of Diseases, 10th Revision) codes reported in the 
HI database will also be used to define ARI consultations.

Figure 3  Trial flow diagram. ARI, acute respiratoryinfection; 
CHCs, commune healthcentres; CRP, C-reactive protein.
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Any patient who re-attends the same CHC within 30 
days of their initial visit will be classed as a repeat atten-
dance, regardless of the secondary diagnosis. This means 
that we will be able to see the frequency of re-attendances 
and whether this is affected by use of the CRP test. It will 
also allow us to see whether antibiotics are initially with-
held and then given at a subsequent visit (acknowledging 
the limitation that we may class some patients as re-at-
tenders when their subsequent visit is actually for a new 
problem or illness).

Data analysis plan
Data will be analysed by intention-to-treat, such that all 
patients aged 1 to 65, consulting for ARI, will be included 
in the analysis. The primary endpoint of this trial is the 
proportion of patient consultations for ARI resulting in 
immediate antibiotic prescription. The primary compar-
ison between the treatment arms will be a logistic regres-
sion with the treatment assignment as a fixed effect, and 
the CHC as a random effect. A two-sided 95% CI for the 
OR of receiving antibiotic prescription rate (primary 
endpoint) will be calculated. Measures of baseline 
prescribing will be included in the model in order to 
adjust for any imbalances in randomisation at the outset.

The primary endpoint (proportion of patients with ARI 
with immediate antibiotic prescription) will also be inves-
tigated in subgroups to assess whether the reduction in 
antibiotic prescribing is homogeneous across subgroups. 
Specifically, intervention effects and appropriate inter-
action tests for heterogeneity will be calculated in the 
following predefined subgroups: age (adults vs children 
defined as <16 years-old according to age cut-off used in 
Vietnam), sex, proportion of patients in whom the test 
was recommended that received the test, CHC, febrile 
versus non-febrile patients with ARI, CRP level, diagnosis, 
prescriber and seasonality.

The proportion of all patients receiving an antibiotic 
prescription (regardless of ARI diagnosis), frequency of 
re-consultation, duration of symptoms, subsequent anti-
biotic use within 2 weeks, referral at initial consultation 
and hospitalisation within 2 weeks of follow-up (verified 
by accessing provincial and district hospitals’ database 
and patient exit interview via phone call follow-up after 
2 weeks by CHC staff) will be compared between the two 
arms in the same way as the primary endpoint. In the 
subset of patients for whom a follow-up phone call will be 
conducted, time to resolution of symptoms will be visu-
alised using Kaplan-Meier curves, and formal compari-
sons between the two treatment groups will be based on 
the Cox proportional hazards model with the treatment 
assignment and the age stratum as fixed effects and the 
CHC as a Gaussian random effect.

We will also conduct per-protocol analyses, including only 
patients with ARI in intervention CHCs who were given a CRP 
test. Data collected during the 12 months prior to interven-
tion onset means that we will be able to look at overall changes 
in outcome indicators over time. Factors other than the study 
interventions may influence records of antibiotic prescribing, 

including other programmes in the area, reporting bias and 
the effects of the COVID-19 pandemic. Interim analysis while 
the study is ongoing will not be done as our trial poses no 
more than minimal risks to participants. We do not foresee 
any adverse effects of the intervention, which has previously 
been shown to be safe, so we do not intend to apply stopping 
rules.10 33

Access to data
After entry into the electronic data environment, data will 
be uploaded to a central database. Access to data will be 
password protected, and only accessible to study investi-
gators and sponsors for remote monitoring. Source data 
will be kept for 10 years according to local authority’s 
requirement.

Data handling and record keeping
Quantitative data will be captured electronically from 
patient record databases routinely maintained with data 
from health station logbooks. Identifiers such as patients’ 
names and full address will not be included. Patients will 
be assigned a unique composite ID number for the study, 
and HI numbers will be used to link patients making 
multiple visits. The name and any other address detail 
below the commune level will not be included in any 
study data electronic files. HI numbers will be dropped 
after linkage with hospital databases. Data will be stored 
electronically on a central server at OUCRU (Oxford 
UniversityClinical Research Unit).

Monitoring
As the research poses no more than minimal risks to partici-
pants, a data and safety monitory board will not be required. 
Based on previous studies we anticipate no serious adverse 
events associated with the CRP tests and patients will not be 
followed up, except for a subsample of patients who will be 
followed up by phone by CHC staff, 2 weeks after the initial 
consultation. We will retrospectively request data on hospital 
admissions for patients with ARI in both arms. This will be 
done at the end of the study. Other than the finger prick 
sample for the CRP test no samples will be taken or stored. 
CRP test kits and other consumables will be re-stocked on a 
monthly basis and checked to confirm they are properly used 
for study purposes only. Healthcare workers in both interven-
tion and routine care arms will receive monthly supervision 
visits to improve and monitor the quality of record keeping.

ETHICS AND DISSEMINATION
The protocol (V.1.5, 04 November 2019) has been 
approved by the Oxford University Tropical Research 
Ethics Committee (OxTREC, Reference number: 53–18), 
and the ethical committee of the National Hospital for 
Tropical Diseases in Vietnam (Reference:07/HDDD-
NDTW/2019). Permission to carry out this study was 
obtained from local authorities.

A waiver of written informed consent from patients (or 
that of a legally authorised representative) to participate 
in the study was obtained from the relevant ethical review 
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boards, to ensure as little disruption to routine practice 
as possible. This is in accordance with the 2016 CIOMS 
Guideline 1014 which states that in the following circum-
stances a waiver of informed consent could be applied: (1) 
if the research would not be feasible or practicable to carry 
out without the waiver or modification; (2) if the research 
has important social value; and (3) if the research poses 
no more than minimal risks to participants. The proposed 
study and intervention meet all these criteria. The 
research question relates to the impact of CRP testing in a 
routine care environment, therefore extensive informed 
consent procedures by research staff or the local HCWs 
on site could alter prescribing behaviour. This would 
directly affect the primary outcome and make us unable 
to answer our research question because we would no 
longer be operating in a routine care environment. Sim 
and Dawson argue that waiving informed consent is justi-
fiable when the methodological integrity of the study is 
brought into question.34 Taking written informed consent 
would also disrupt patient care. In order for healthcare 
systems to be responsive and improve patient care imple-
mentation, studies are required to generate evidence 
for policy change and to ensure that the benefits seen 
in research settings are translated into routine care. The 
research question is of high importance and social value, 
with ARIs and febrile illness being the leading causes of 
often unnecessary antibiotic prescribing in the commu-
nity, a key driver of AMR. The use of CRP testing may 
also help to identify those patients who need antibiotics 
but may be missed by routine clinical assessment. Lastly, 
CRP testing in these patients is of minimal risk, already 
widely used for these purposes in other settings and with 
large clinical trials with extensive patient follow-up previ-
ously conducted in Southeast Asian primary care settings, 
including in Vietnam. The drawing of finger prick blood 
is also of minimal risk, and the blood taken is only being 
used for direct patient care. Other than the finger prick 
sample for the CRP test no samples will be taken or stored.

Instead, patients in intervention clusters will be 
provided with information concerning how the test can 
assist HCWs in identifying when antibiotics are required. 
Patients who verbally agree to use the CRP test will be 
asked to sign a logbook at the study sites (online supple-
mental file 2). Similar to other tests that may be indicated, 
patients or their legal guardians will be able to refuse the 
CRP test, without any other impact on their care. If they 
wish to decline the test, their autonomy will be respected.

If there are any ineligible patients enrolled, the study 
investigator will report a protocol violation to the local 
Institutional Review Board.

Written consent for HCW interviews will be obtained, 
after explaining the purpose of the interview, risks, bene-
fits and other details.

Results will be used to inform the design of implementa-
tion strategies as well as policy-making decisions. Results will 
be written up for publication in peer-reviewed journals and 
communicated as part of scientific meetings, as appropriate 
and as agreed by all members of the study team.
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