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Background. Increasing trends of antimicrobial resistance are observed around the world, driven in part by excessive use of 
antimicrobials. Limited access to diagnostics, particularly in low- and middle-income countries, contributes to diagnostic 
uncertainty, which may promote unnecessary antibiotic use. We investigated whether introducing a package of diagnostic tools, 
clinical algorithm, and training-and-communication messages could safely reduce antibiotic prescribing compared with current 
standard-of-care for febrile patients presenting to outpatient clinics in Uganda.

Methods. This was an open-label, multicenter, 2-arm randomized controlled trial conducted at 3 public health facilities 
(Aduku, Nagongera, and Kihihi health center IVs) comparing the proportions of antibiotic prescriptions and clinical outcomes 
for febrile outpatients aged ≥1 year. The intervention arm included a package of point-of-care tests, a diagnostic and treatment 
algorithm, and training-and-communication messages. Standard-of-care was provided to patients in the control arm.

Results. A total of 2400 patients were enrolled, with 49.5% in the intervention arm. Overall, there was no significant difference 
in antibiotic prescriptions between the study arms (relative risk [RR]: 1.03; 95% CI: .96–1.11). In the intervention arm, patients with 
positive malaria test results (313/500 [62.6%] vs 170/473 [35.9%]) had a higher RR of being prescribed antibiotics (1.74; 1.52–2.00), 
while those with negative malaria results (348/688 [50.6%] vs 376/508 [74.0%]) had a lower RR (.68; .63–.75). There was no 
significant difference in clinical outcomes.

Conclusions. This study found that a diagnostic intervention for management of febrile outpatients did not achieve the desired 
impact on antibiotic prescribing at 3 diverse and representative health facility sites in Uganda.
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The global burden of antimicrobial resistance (AMR) continues to 
increase with a growing global population and greater use of and 
reliance on antimicrobials [1, 2]. A recent report from the Global 
Research on Antimicrobial Resistance Project estimated that up 

to 4.95 million deaths globally in 2019 were associated with bacte-
rial AMR. Of these, 1.27 million deaths, more than human immu-
nodeficiency virus (HIV)/AIDS and malaria combined, were 
directly attributable to resistance using modeled estimates [3]. 
Increasing trends of AMR are reported in Uganda in the 2015 
situation analysis by the Uganda Academy of Science. A follow-on 
2019–2020 analysis by the Antimicrobial Resistance National 
Coordination Center also found high proportions of Escherichia 
coli and Staphylococcus aureus clinical isolates resistant to com-
monly used antibiotics [4, 5].

In sentinel surveillance at clinical sites in Uganda, the use of 
antimicrobials is driven by availability, access, and affordabili-
ty, and not necessarily by efficacy and suitability [5]. 
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Furthermore, a retrospective cross-sectional study from lower- 
level health centers in Mbarara district showed 75% unneces-
sary prescriptions for treating upper respiratory tract infections 
in children aged under 5 years in ambulatory care [6]. Both re-
ports acknowledge the limited public and health worker aware-
ness of excessive antimicrobial use as a major contributor to 
AMR and indicate that a better understanding is needed of 
how confounding factors, like limited diagnostics, contribute. 
Antimicrobial stewardship practices can reduce the develop-
ment and spread of AMR [2, 7].

However, stewardship is complicated by the fact that most an-
tibiotic use is empiric, without confirmation of whether or not a 
febrile illness is caused by bacterial infection, which leads to the 
prescription of “just-in-case” antibiotics [7]. Such scenarios are 
common in health facilities in low- and middle-income countries 
(LMICs) like Uganda, especially in outpatient settings, where 
diagnostics to identify common causes of febrile illnesses other 
than malaria are lacking. This dilemma could be improved by 
the use of rapid point-of-care tests (POCTs) to help distinguish 
bacterial infections from other causes and to guide antibiotic 
use [7]. In HIV/AIDS and malaria, 2 pandemics that have ravaged 
LMICs, the use of POCTs facilitates testing for millions of people 
due to low cost and universal accessibility, and allows targeted 
antimicrobial treatment [8, 9].

We investigated whether adopting a panel of commercially 
available POCTs intended to help clinicians distinguish be-
tween bacterial and other infectious causes of acute febrile ill-
ness, combined with clinical diagnostic algorithms and 
behavior change activities, could safely reduce antibiotic pre-
scribing compared with current standard-of-care for febrile pa-
tients presenting to outpatient clinics in Uganda.

METHODS

Objectives, Endpoints, and Assessments

The study goal was to assess the impact of the intervention 
compared with standard-of-care practices on antibiotic 
prescribing and clinical outcomes for outpatients presenting 
with nonsevere acute febrile illness. Primary endpoints were 
the proportion of patients who received an antibiotic prescrip-
tion and the proportion who had a favorable clinical outcome 
(defined at day 7 as having a normal body temperature and re-
porting that day 0 symptoms had improved or resolved). 
Prespecified subgroup analyses of the primary endpoints 
were conducted for age, gender, and enrollment period. 
Other subgroup analyses such as malaria rapid diagnostic test 
(mRDT) result and respiratory syndromes were exploratory.

Study Design

This study was part of a multicountry project with harmonized 
research protocols. In Uganda, we conducted an open-label, 
2-arm, multicenter, randomized controlled trial. Study 

participants were randomized to either an intervention or control 
group using a 1:1 scheme using varying block sizes of 64, 96, or 
128 in random order. Randomization lists for each health 
facility, which included consecutive identification numbers 
with corresponding random arm assignments, were computer- 
generated from the FIND Geneva. Randomized codes that 
corresponded to the 2 (intervention and control) arms were 
also generated using permuted variable-sized blocks. At each 
study site, each consecutive identification number with its corre-
sponding treatment code was placed in a sealed envelope and kept 
in that order. Each consecutive participant was assigned an ID 
number and study arm from the next available envelope during 
randomization.

Study Sites

Three public health facilities were selected to represent different 
geographical and cultural regions of Uganda and different malaria 
transmission intensities, which were anticipated to influence pre-
scribing practices for acute febrile illnesses: Aduku Health Centre 
(HC) IV in Kwania District in the north, a region of high malaria 
transmission; Nagongera HC IV in Tororo District in the east, 
where transmission historically was high but in recent years is 
considered low transmission due to regular indoor residual spray-
ing; and Kihihi HC IV in Kanungu District in the southwest, with 
moderate transmission [10, 11]. In the Ugandan public health care 
system, health center IVs provide the second highest level of care, 
between hospitals and more basic outpatient clinics. Health center 
IVs typically offer outpatient, inpatient, and maternity care for 
catchment areas that include rural and semi-urban populations. 
Staff typically include clinicians who have from 1.5 to 5 years of 
formal training (1 or 2 medical officers or clinical officers and 
nursing staff), and laboratory staff who perform malaria, HIV, 
and syphilis rapid diagnostic tests (RDTs); malaria microscopy; 
hemoglobin estimation; CD4 count; urinalysis; and sputum mi-
croscopy, depending on the availability of materials [12].

Participants

The study participants included patients aged 1 year and 
older who presented to the outpatient departments of the 
participating health centers with acute febrile illness, defined 
as tympanic temperature of more than 37.5°C or axillary 
temperature of more than 37.0°C or history of fever lasting 
7 days or fewer, with no focus or with a suspected respiratory 
tract infection. Patients with signs or symptoms suggestive of 
severe disease who required hospitalization or referral and 
those with skin/soft tissue infection as a probable cause of fever 
were excluded.

Intervention

The intervention had 3 components: a specified panel of 
POCTs; a diagnostic and treatment algorithm (Figure 1) that 
guided clinicians on selecting tests to perform for each 
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participant, and on deciding which patients needed an antibi-
otic prescription; and a training-and-communication (T&C) 
package of messages geared towards health workers and pa-
tients. For the health workers, the T&C package was designed 
to help them communicate better with patients about adher-
ence to prescriptions; the messages for patients were meant 
to encourage adherence to the prescription received. The 
T&C package was developed from social science work 
conducted before the clinical trial began and is described in 
another article in this supplement issue (Kaawa-Mafigiri et al).

Study Procedures

Before enrollment, each patient provided written informed 
consent to participate in this study. For children aged 7 years 
and younger, a parent/guardian provided consent on their 

behalf. Children aged 8–17 years provided assent and their par-
ent/guardian gave consent as well. Patients 18 years and older 
provided informed consent for themselves.

For each of the 3 study sites, throughout the study all patients 
randomized to the intervention arm were seen by a clinical of-
ficer (prescriber) and a laboratory technologist hired by the 
study team. The intervention-arm prescribers and laboratory 
technologists were trained on aspects of the protocol—including 
informed-consent procedures, enrollment, randomization, 
how to use the diagnostic and treatment algorithm, how to 
use the POCTs, and delivering the T&C package—for 1 week 
prior to enrollment, and study co-investigators reinforced 
training messages and addressed questions during regular site 
visits and communication with intervention-arm staff during 
the course of the study. Patients randomized to the control 

Figure 1. Diagnostic and treatment algorithm for the intervention arm of a randomized controlled trial that introduced point-of-care diagnostic tests to guide the man-
agement of outpatients with febrile illness in Uganda.  ‡Unless a concomitant bacterial pathogen identified. §Start treatment followed by culture if needed. ¶And neutrophils 
>75% if WBC >11 000 and/or neutrophils >75% if WBC <11 000. Abbreviations: CBC, complete blood count; CRP, C-reactive protein (mg/L); GAS, group A streptococci; 
RSV, respiratory syncytial virus; RTI, respiratory tract infection; WBC, white blood cell count (per μL); WHO, World Health Organization.
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arm received the standard-of-care from clinical officers (usually 
1 to 3 in number depending on staffing norms at each site and 
on each day) and laboratory staff employed by the participating 
health facilities, who requested and performed laboratory testing 
and prescribed medicines according to their routine standard 
practice. The control-arm staff were aware that the study was be-
ing conducted but were not trained in intervention-arm 
procedures.

The day of enrollment was designated as day 0. Eligible pa-
tients who consented were enrolled into the study and random-
ized to either the intervention arm or the control arm. In both 
study arms, vital signs were measured and a clinician took a his-
tory of the patient’s illness, performed a physical exam, and re-
corded a preliminary diagnosis. In the intervention arm, the 
clinician applied the diagnostic and treatment algorithm 
(Figure 1) to decide which POCTs to request from the labora-
tory, except for the mRDT, which was performed for all pa-
tients in this arm in line with national guidelines.

Point-of-care tests for the intervention arm included the fol-
lowing: Test-it Typhoid fever IgM rapid test kit (Life Assay 
Diagnostics); SD Bioline influenza Antigen A/B/A (H1N1) 
pandemic rapid test kit (Alere/Abbott); Alere BinaxNow respi-
ratory syncytial virus (RSV) card; Streptococcus A test kit 
(Sekisui OSOM); Streptococcus pneumoniae urine antigen 
card test (Abbott/Alere); 5-part white blood cell (WBC) differ-
ential count POCT (HemoCue); 10-parameter urine test strips 
(Multistix 10 SG) for leucocyte esterase and nitrites (Siemens); 
Standard F C-reactive protein (CRP) (SD Biosensor). The 
POCT results in the intervention arm were typically available 
within 30 minutes after referral to the laboratory and 
were used by the clinician to make prescribing decisions.

Patients in both study arms received prescribed medicines 
free of charge from the dispensary at each health center, ac-
cording to the government supplies and standard practice. 
All patients were asked to return to the health center 7 days af-
ter enrollment for assessment of the outcome of their illness 
and of adherence to the day 0 prescription. Adherence to pre-
scription was assessed through pill counts conducted by study 
clinicians and in-depth interviews conducted by social science 
research assistants.

Sample Size and Statistical Analysis

An optimal sample size of 2400 was determined based on the 
expected relative reduction in antibiotic prescriptions of 30%, 
at 80% power and a significance level of 5% [13]. Our primary 
interest was the overall population-level effect by the 
intention-to-treat principle. Therefore, primary hypothesis 
testing related to between-arm comparison was done at the 
nominal α-level (.05).

In addition, several subgroup analyses were performed. Due 
to the explorative character of subgroup analyses (those pre-
specified in statistical analysis plan, and those arising from 

observed data patterns), emphasis is laid on the clinical rele-
vance of the observed effects. Statistical significance assessment 
for within-subgroup comparisons was done without adjust-
ment for multiple test situations, consistently providing 95% 
confidence intervals (CIs) for obtained point estimates.

Descriptive statistics tables were generated to summarize the 
characteristics of the patients. The information was categorized 
by site, gender, and age group. Results were reported either in 
absolute numbers (eg, number of subjects in a group) or sum-
marized by mean, median, standard deviation, minimum, max-
imum, and quartiles, as appropriate. Data analysis was 
performed using R version 4.2.1 (R Foundation for Statistical 
Computing).

Ethics Statement

The study protocol was approved by the Makerere University 
School of Biomedical Sciences Higher Degrees Research and 
Ethics Committee (SBS-REC reference SBS715), the Uganda 
National Council for Science and Technology (reference HS 
2727), Oxford Tropical Research Ethics Committee (OxTREC 
reference 52-19) and the London School of Hygiene and 
Tropical Medicine Research Ethics Committee (reference 
26684).

RESULTS

A total of 2400 patients were enrolled across the 3 sites, 800 at 
each site. Of the 2400, 49.5% were randomized to the interven-
tion arm. Figure 2 shows patient recruitment and disposition.

Baseline Demographics and Characteristics

Across all sites, over half of patients were female and approxi-
mately one-third (30.9%) were children aged 1 to 5 years. 
Nearly half (46.5%) of the patients presented with respiratory 
symptoms (Table 1).

Point-of-Care Diagnostic Tests

Table 2 and Figure 3 show the POCTs performed and their re-
sults. In the control arms at all 3 sites, few diagnostic tests were 
done except for malaria testing. In the intervention arms, ap-
proximately 10% of patients tested had an elevated WBC count 
and/or differential in Aduku and Kihihi (11.3% and 10.5%, re-
spectively), while this proportion was 18.3% in Nagongera. At 
all 3 sites, CRP levels were elevated (20–80 mg/L or >80 mg/L) 
in approximately one-third of intervention-arm patients tested. 
All intervention-arm patients were tested for malaria with 
mRDT, with positivity ranging from 28.1% in Nagongera to 
43.9% in Kihihi to 54.1% in Aduku. For other pathogen-specific 
tests, the numbers tested and proportions positive varied across 
the sites (Table 2).
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Antibiotic Prescribing

Overall, there was no difference in antibiotic prescriptions 
between arms, with a relative risk (RR) of 1.03 (95% CI: .96– 
1.11); however, the size and direction of effects varied across 
sites and in different subpopulations (Table 3). Across the 
3 sites, only Nagongera showed a marginally statistically signifi-
cant, but small difference between study arms, with an RR of 1.19 
(1.00–1.41) greater in the intervention arm, whereas no differ-
ence was seen for Aduku (1.04; 95% CI: .93–1.16) and Kihihi 
(.94; 95% CI: .85–1.05). In age-stratified analysis, for children 
(<5, 5–10, and 10–15 years) in Aduku and Nagongera, larger 
differences in favor of more antibiotic prescription were seen, 
although this was not significant in all subgroups (1.43 [1.01– 
1.85], 1.81 [1.28–2.58], 1.38 [0.83–2.31]; and 1.37 [1.05–1.77], 
1.58 [.96–2.60], 2.51 [.94, 6.69], respectively). For older patients 
in these sites, inverse results were observed (RR: .74 [.64–0.85] 
and .82 [.63–1.05], respectively). In Kihihi, the situation was dif-
ferent: antibiotic prescribing was lower in children aged younger 
than 5 years (RR: .76; 95% CI: .62–.94) but was not significantly 
different in older age groups.

No significant differences in antibiotic prescribing were ob-
served between study arms for patients who presented with 
respiratory symptoms, or for those who presented without re-
spiratory symptoms and signs (Table 3).

In contrast, malaria status was significantly associated with 
prescribing at all 3 sites. In the intervention arm, patients 

with positive mRDTs had a higher RR of being prescribed an-
tibiotics than those with negative mRDT results (Table 3). A 
possible explanation for this observation is shown in Tables 
4, 5 and 6: Compared with prescribing that would have resulted 
from strict adherence to the algorithm, in the intervention arm, 
60.1% (188/313) of malaria-positive patients and 13.5% (47/ 
348) of malaria-negative patients were incorrectly prescribed 
an antibiotic (Table 5). However, if elevated CRP and/or com-
plete blood count (CBC) and differential results had been pri-
oritized (contrary to a strict interpretation of the algorithm that 
disregarded CRP and CBC results in cases where the mRDT 
was positive), just 2.9% (9/313) of malaria-positive patients 
and 11.5% (40/348) of malaria-negative patients incorrectly re-
ceived an antibiotic prescription (Table 6). Among patients 
who tested negative by mRDT, there was a significant reduction 
in antibiotic prescriptions (RR: .68; 95% CI: .63–.75). These 
patterns were consistent across all 3 sites with varied malaria 
endemicity (Table 3).

The most prescribed antibiotics at each site are shown in 
Figure 4. All sites reported prescribing systemic oral antibiotics, 
including amoxicillin, cefixime, doxycycline, ciprofloxacin, co-
trimoxazole, metronidazole, and nitrofurantoin, among others. 
In the intervention arm, amoxicillin was the most-prescribed 
antibiotic at all 3 sites and nitrofurantoin among the top 3 
prescribed antibiotics at Aduku and Nagongera, whereas in 
the control arm, metronidazole, amoxicillin, and cotrimoxazole 

Figure 2. Participant disposition.
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accounted for the largest proportion of antibiotic prescriptions 
at 1 site each. Cotrimoxazole, an antibiotic not currently indi-
cated for any of the common bacterial infections, accounted for 
nearly half of antibiotic prescriptions in the control arm at 
Kihihi, and a smaller proportion in the intervention arm.

Clinical Outcomes

Table 7 shows the outcomes of participating patients’ illnesses, 
stratified by selected characteristics. There was no significant 
difference between the intervention and control arms in clinical 
outcomes. There were 2 serious adverse events in the interven-
tion arm and 1 serious adverse event in the control arm (data 
not shown): all 3 were children who required hospitalization 
for severe malaria and/or presumed septicemia, and all re-
turned to good health by day 7.

DISCUSSION

This trial evaluated the impact on antibiotic prescribing and 
clinical outcomes, for child and adult outpatients with acute fe-
brile illness who presented to public health centers in Uganda, 
of an intervention that provided diagnostic POCTs along with a 
case-management algorithm and behavior change materials.

A primary goal of diagnostic interventions like the one in 
this study is to improve antibiotic stewardship—that is, to 

improve targeting of antibiotics by providing them to patients 
with bacterial infections while reducing unnecessary use in 
those with nonbacterial illnesses. In this study, the overall im-
pact on antibiotic prescribing was not consistent across sites 
and patient subgroups. The use of a clinical algorithm and di-
agnostic POCTs did not demonstrate a substantial reduction in 
antibiotic prescribing in the intervention arm, except in pa-
tients with a negative malaria test who were consistently pre-
scribed fewer antibiotics. There are a few potential reasons 
for this.

First, our intervention introduced commercially available 
POCTs for specific bacterial infections (typhoid, group A 
Streptococcus and S. pneumoniae), specific viral infections 
(influenza and RSV), and a parasitic infection (malaria) as 
well as biomarkers associated with bacterial versus other in-
fections (WBC and differential and CRP in blood and leu-
koesterase and nitrites in urine). Although these testing 
options represent more diagnostic capacity than is currently 
available in routine care, not surprisingly, the majority of re-
sults for any given test (besides malaria RDT) were negative, 
leaving a large proportion of fevers without a specific patho-
gen–based diagnosis. Experience implementing malaria 
RDTs in LMICs has shown that, in the absence of an alterna-
tive specific diagnosis, many clinicians continue to prescribe 
antibiotics “just in case” [14–16]. Meaningful improvements 

Table 1.  Baseline Characteristics of Participants in a Randomized Controlled Trial That Introduced Point-of-Care Diagnostic Tests to Guide 
Management of Outpatients With Febrile Illness, Conducted at 3 Clinical Sites in Uganda

Characteristics

All Sites
Aduku 

(Kwania District)
Nagongera 

(Tororo District)
Kihihi 

(Kanungu District)

Intervention Control Intervention Control Intervention Control Intervention Control

Total enrolled, n (%) 1189 (49.5%) 1211 (50.5%) 401 (50.1%) 399 (49.9%) 398 (49.8%) 402 (50.2%) 390 (48.8%) 410 (51.2%)

Patient age, n (%)

<5 years 364 (30.6%) 377 (31.1%) 116 (28.9%) 67 (16.8%) 158 (39.7%) 198 (49.3%) 90 (23.1%) 112 (27.3%)

5 to <10 years 196 (16.5%) 236 (19.5%) 60 (15.0%) 83 (20.8%) 69 (17.3%) 66 (16.4%) 67 (17.2%) 87 (21.2%)

≥10 to <15 years 102 (8.6%) 111 (9.2%) 33 (8.2%) 43 (10.8%) 23 (5.8%) 21 (5.2%) 46 (11.8%) 47 (11.5%)

≥15 years 527 (44.3%) 487 (40.2%) 192 (47.9%) 206 (51.6%) 148 (37.2%) 117 (29.1%) 187 (48.0%) 164 (40.0%)

Patient age, median (Q1, Q3), y 11 (4, 23) 9 (3, 20) 13 (4, 23.5) 15 (6, 21) 6 (3, 22) 5 (2, 18) 13.5 (5, 23) 10.5 (4, 20)

Patient gender, n (%)

Female 717 (60.3%) 742 (61.3%) 269 (67.1%) 252 (63.2%) 226 (56.8%) 243 (60.5%) 222 (56.9%) 247 (60.2%)

Male 472 (39.7%) 469 (38.7%) 132 (32.9%) 147 (36.8%) 172 (43.2%) 159 (39.6%) 168 (43.1%) 163 (39.8%)

Date of enrollment, n (%)

July–September 2020 19 (1.6%) 21 (1.7%) 7 (1.8%) 7 (1.8%) 12 (3.0%) 14 (3.5%) 0 (0.0%) 0 (0.0%)

October–December 2020 258 (21.7%) 256 (21.1%) 88 (22.0%) 84 (21.1%) 88 (22.1%) 85 (21.1%) 82 (21.0%) 87 (21.2%)

January–March 2021 326 (27.4%) 340 (28.1%) 114 (28.4%) 120 (30.1%) 101 (25.4%) 100 (24.9%) 111 (28.5%) 120 (29.3%)

April–June 2021 389 (32.7%) 375 (31.0%) 136 (33.9%) 124 (31.1%) 131 (32.9%) 132 (32.8%) 122 (31.3%) 119 (29.0%)

July–September 2021 197 (16.6%) 219 (18.1%) 56 (14.0%) 64 (16.0%) 66 (16.6%) 71 (17.7%) 75 (19.2%) 84 (20.5%)

Respiratory vs nonrespiratory syndrome,a n (%)

Respiratory 648 (54.5%) 421 (34.8%) 206 (51.4%) 179 (44.9%) 255 (64.1%) 183 (50.1%) 187 (48.0%) 59 (14.4%)

Nonrespiratory 541 (45.5%) 753 (62.2%) 195 (48.6%) 220 (55.1%) 143 (35.9%) 182 (49.9%) 203 (52.1%) 351 (85.6%)

Abbreviation: Q, quarter.  
aAs indicated by the managing clinician based on symptoms and signs, before performance of diagnostic tests. Note this information was not recorded on 37 patient forms in the Nagongera 
control arm.
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Figure 3. Bar chart showing the proportion positive of POCTs performed in the intervention arm, over the full study period, in a randomized controlled trial that introduced 
POCTs to guide the management of outpatients with febrile illness at 3 clinical sites in Uganda. The proportion of each POCT with positive results is shown on the y-axis and 
months of the year on the x-axis. Abbreviations: POCT, point-of-care test; RDT, rapid diagnostic test.
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in antibiotic stewardship may require more time for clini-
cians and patients to adapt and develop confidence in new 
tools, with sufficient training and knowledge around the tools 
and their utility, in addition to more robust epidemiological 
information on common causes of infection in the region of 
practice, additional diagnostic capacity to positively identify 
more diagnoses, and attention to broader systemic and con-
textual factors [17–19].

In addition, the intervention-arm diagnostic and treatment 
algorithm allowed for clinical judgment on the part of the 
treating clinician rather than strict adherence to the results of 
diagnostic tests. This is important as the nuances of individual 
cases cannot adequately be addressed in a simple algorithm, but 
again, experience implementing malaria RDTs in similar set-
tings has shown a range of adherence to test results in prescrib-
ing practices [20, 21]. Adherence to new diagnostic strategies 

Table 4.  Prescribing That Should Have Resulted if the Diagnostic and Treatment Algorithm Were Strictly Followed, for Intervention-Arm Patients by 
Malaria Rapid Diagnostic Test Result

Prescribing 
Guidance if 
Algorithm Were 
Strictly Followed

All 
Intervention- 

Arm 
Patients 

With mRDT 
Results

All Sites  
Combined 

mRDT  
Results

Aduku (Kwania  
District) 
mRDT  
Results

Nagongera (Tororo  
District) 
mRDT  
Results

Kihihi (Kanungu  
District) 
mRDT  
Results

Neg Pos Neg Pos Neg Pos Neg Pos

n % n % n % n % n % n % n % n % n %

Don’t prescribe 
antibiotic

638 53.7 269 39.0 369 73.8 63 34.2 140 64.5 121 42.3 104 92.9 85 38.8 125 73.1

Prescribe antibiotic 
if clinically 
indicateda

175 14.7 175 25.4 0 0.0 34 18.5 0 0.0 94 32.9 0 0.0 47 21.5 0 0.0

Prescribe antibiotic 376 31.6 245 35.6 131 26.2 87 47.3 77 35.5 71 24.8 8 7.1 87 39.7 46 26.9

Total 1189 100 689 100 500 100 184 100 217 100 286 100 112 100 219 100 171 100

Abbreviations: mRDT, malaria rapid diagnostic test; Neg, negative; Pos, positive.  
aIf clinically indicated in the clinician’s judgment and/or if the patient was aged <5 years and met World Health Organization (WHO) pneumonia criteria.

Table 5.  Prescribing That Should Have Resulted if the Diagnostic and Treatment Algorithm Were Strictly Followed, for Intervention-Arm Patients by 
Malaria Rapid Diagnostic Test Result, Among Patients Who Actually Received an Antibiotic Prescription and Those Who Did Not

Prescribing Guidance if 
Algorithm Were Strictly 
Followed

All mRDTs

All Sites
Aduku (Kwania 

District)
Nagongera (Tororo 

District)
Kihihi (Kanungu 

District)

Neg Pos Neg Pos Neg Pos Neg Pos

n % n % n % n % n % n % n % n % n %

Received antibiotic prescription

Don’t prescribe antibiotic 235 35.6 47 13.5 188 60.1 2 1.8 61 44.2 9 8.8 64 88.9 36 26.5 63 61.2

Prescribe antibiotic if clinically 
indicateda or if CRP and/or 
CBC elevated

68 10.3 68 19.5 0 0.0 21 19.1 0 0.0 23 22.5 0 0.0 24 17.6 0 0.0

Prescribe antibiotic 358 54.2 233 67.0 125 39.9 87 79.1 77 55.8 70 68.6 8 11.1 76 55.9 40 38.8

Total 661 100 348 100 313 100 110 100 138 100 102 100 72 100 136 100 103 100

Did not receive antibiotic 
prescription

Don’t prescribe antibiotic 403 76.5 222 65.3 181 96.8 61 82.4 79 100 112 60.9 40 100 49 59.8 62 91.2

Prescribe antibiotic if clinically 
indicateda or if CRP and/or 
CBC elevated

107 20.3 107 31.5 0 0.0 13 17.6 0 0.0 71 38.6 0 0.0 23 28.0 0 0.0

Prescribe antibiotic 17 3.2 11 3.2 6 3.2 0 0.0 0 0.0 1 0.5 0 0.0 10 12.2 6 8.8

Total 527 100 340 100 187 100 74 100 79 100 184 100 40 100 82 100 68 100

Among those who actually received an antibiotic prescription, the top row (“Don’t prescribe antibiotic”; bold values), shows over-prescription (ie, patients for whom strict adherence to the 
algorithm would have resulted in no antibiotic, but who in fact were prescribed an antibiotic). Among those who did not receive an antibiotic prescription, the third row (“Prescribe antibiotic”, 
bold values) shows under-prescription (ie, patients for whom strict adherence to the algorithm would have resulted in an antibiotic, but who in fact were not prescribed one).  

Abbreviations: CBC, complete blood count; CRP, C-reactive protein; mRDT, malaria rapid diagnostic test; Neg, negative; Pos, positive.  
aIf clinically indicated in the clinician’s judgment and/or if the patient was aged <5 years and met World Health Organization (WHO) pneumonia criteria.
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may change with further implementation work, changes in test 
availability and costs (although costs were not assessed in this 
study), and clinician and patient familiarity over time.

Finally, the impact of the intervention on antibiotic prescrib-
ing in our study may have been limited by the study design. 
While many patients were enrolled, just a few clinicians were 
responsible for diagnosis and prescribing decisions—1 clini-
cian per site for the intervention arm and 2 or 3 clinicians 
per site for the control arm. These staffing levels were appropri-
ate for the typical patient flow at each health center but mean 
that individual clinician preferences could have had an outsized 
influence on diagnoses made and prescribing practices 
observed. Furthermore, the intervention- and control-arm 
activities at each site were conducted in the same building; 
however, the clinical and laboratory staff for each arm were 
different personnel who worked in separate rooms, reducing 
the risk of cross-contamination. In addition, our results may 
not be directly extrapolatable to the potential uptake of the 
POCT panel and strategy by clinicians working under routine 
conditions at Ugandan health centers, because intervention- 
arm clinicians were hired specifically for the study. This was 
necessary to avoid overloading the government-employed staff 
who provide routine care at participating health centers, but the 
issue of how to sustainably incorporate diagnostics into routine 
care in these settings needs to be addressed in any future imple-
mentation work.

The second main objective of this study was to evaluate the 
impact of the intervention on patients’ clinical outcomes. The 
study was conducted only among outpatients who presented 
without signs of severe illness, a group for whom, in general, 
poor outcomes are rare, and fortunately, the large majority of 
patients at all sites and study arms had favorable outcomes. 
The fact that statistically significant differences were not seen 
between study arms, even within subgroup analyses stratified 
by age, presenting syndrome, and other features, may be ex-
plained by the fact that many outpatient febrile illnesses are 
likely due to self-limiting causes—viral, bacterial, or other— 
that eventually would resolve satisfactorily without specific 
treatment [22, 23].

A strength of this study is its inclusion of both adult and 
child patients older than 1 year, allowing the assessment of po-
tential prescribing and outcome differences across age groups. 
In keeping with observations elsewhere [24, 25], in this study 
antibiotics were prescribed commonly for febrile outpatients 
of all ages, while age-related prescribing differences between 
study arms were not consistent across the 3 sites. Similarly, 
there were no age-related differences between study arms in 
clinical outcomes. Another strength of the study is that it was 
conducted in sites of known and varied malaria transmission 
intensity [10–12]. Malaria is an important cause of healthcare- 
seeking and morbidity, and a driver of antimicrobial medicine 
use, in Uganda [26]. In most regions of the country, including 

Table 6.  Prescribing That Would Have Resulted if the Diagnostic and Treatment Algorithm Were Modified So That CRP and/or CBC and Differential 
Were Prioritized for All Patients Regardless of Malaria Status, for Intervention-Arm Patients by Malaria Rapid Diagnostic Test Result, Among Patients 
Who Actually Received an Antibiotic Prescription and Those Who Did Not

Prescribing Guidance if CRP 
and/or CBC Results Were 
Prioritized for All Patients

All mRDTs

All Sites
Aduku (Kwania 

District)
Nagongera (Tororo 

District)
Kihihi (Kanungu 

District)

Neg Pos Neg Pos Neg Pos Neg Pos

n % n % n % n % n % n % n % n % n %

Received antibiotic 
prescription

Don’t prescribe antibiotic 49 7.4 40 11.5 9 2.9 2 1.8 0 0.0 7 6.9 0 0.0 31 22.8 9 8.7

Prescribe antibiotic if 
clinically indicateda or if CRP 
and/or CBC elevated

226 34.2 74 21.3 152 48.6 21 19.1 53 38.4 24 23.5 48 66.7 29 21.3 51 49.5

Prescribe antibiotic 386 58.4 234 67.2 152 48.6 87 79.1 85 61.6 71 69.6 24 33.3 76 55.9 43 41.7

Total 661 100 348 100 313 100 110 100 138 100 102 100 72 100 136 100 103 100

Did not receive antibiotic 
prescription

Don’t prescribe antibiotic 303 57.5 215 63.2 88 47.1 60 81.1 45 57.0 108 58.7 13 32.5 47 57.3 30 44.1

Prescribe antibiotic if 
clinically indicateda or if CRP 
and/or CBC elevated

207 39.3 114 33.5 93 49.7 14 18.9 34 43.0 75 40.8 27 67.5 25 30.5 32 47.1

Prescribe antibiotic 17 3.2 11 3.2 6 3.2 0 0.0 0 0.0 1 0.5 0 0.0 10 12.2 6 8.8

Total 527 100 340 100 187 100 74 100 79 100 184 100 40 100 82 100 68 100

Among those who actually received an antibiotic prescription, the top row (“Don’t prescribe antibiotic”; bold values), shows over-prescription (ie, patients for whom strict adherence to the 
algorithm would have resulted in no antibiotic, but who in fact were prescribed an antibiotic). Among those who did not receive an antibiotic prescription, the third row (“Prescribe antibiotic”, 
bold values) shows under-prescription (ie, patients for whom strict adherence to the algorithm would have resulted in an antibiotic, but who in fact were not prescribed one).  

Abbreviations: CBC, complete blood count; CRP, C-reactive protein; mRDT, malaria rapid diagnostic test; Neg, negative; Pos, positive.  
aIf clinically indicated in the clinician’s judgment and/or if the patient was aged <5 years and met World Health Organization (WHO) pneumonia criteria.
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Figure 4. Pie charts showing the most commonly prescribed antibiotics in a randomized controlled trial that introduced point-of-care tests to guide the management of 
outpatients with febrile illness at 3 clinical sites in Uganda.
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our 3 study sites, transmission is holoendemic and relatively 
high by global standards; indeed, between 28% and 54% 
of all enrolled patients tested positive by mRDT. Somewhat 
surprisingly, the strongest and most consistent prescribing 
differences between study arms were correlated with malaria 
status: at all 3 sites, malaria-positive patients in the intervention 
arm were significantly more likely to receive an antibiotic 
prescription than malaria-positive patients in the control 
arm. In Burkina Faso and Ghana, the 2 other African sites 
that participated in this multicenter study (reported elsewhere 
in this supplement issue), a similar trend was observed of 

significantly less antibiotic prescribing for malaria-negative 
patients. However, to our knowledge, this finding has not 
been reported in other settings previously. Indeed, most studies 
to date have shown a tendency towards more empiric antibiotic 
prescription for febrile patients who test negative for malaria 
[14, 27–29]. We hypothesize that the clinicians in the interven-
tion arm may have been uncomfortable withholding an antibi-
otic—as guided by a strict interpretation of the algorithm 
(Figure 1, Tables 4 and 5)—in the face of an elevated CRP 
(and/or CBC) result (Table 6), which may be seen in malaria- 
positive patients, leading to higher-than-usual antibiotic 

Table 7.  Clinical Outcome on Day 7 After Enrollment of Participants in a Randomized Controlled Trial That Introduced Point-of-Care Tests to Guide 
Management of Outpatients With Febrile Illness at 3 Clinical Sites in Uganda

Aduku (Kwania District) Nagongera (Tororo District) Kihihi (Kanungu District)

Clinical Outcomea
Intervention, n/ 

N (%)
Control, n/ 

N (%)
RR 

[95% CI]
Intervention, n/ 

N (%)
Control, n/ 

N (%)
RR 

[95% CI]
Intervention, n/ 

N (%)
Control, n/ 

N (%)
RR 

[95% CI]

Total (all ages) 30/401 (7.5%) 42/399 
(10.5%)

.71 [.45, 
1.11]

33/398 (8.3%) 43/402 
(10.7%)

.78 [.50, 
1.19]

8/390 (2.1%) 13/410 
(3.2%)

.65 [.27, 
1.54]

Patient age categories

<5 years 10/116 (8.6%) 4/67 (6.0%) 1.44 [.47, 
4.43]

14/158 (8.9%) 21/198 
(10.6%)

.84 [.44, 
1.59]

0/90 (0.0%) 5/112 
(4.5%)

…

5 to <10 years 5/60 (8.3%) 7/83 (8.4%) .99 [.33, 
2.96]

7/69 (10.1%) 7/66 
(10.6%)

.96 [.36, 
2.58]

1/67 (1.5%) 2/87 (2.3%) .65 [.06, 
7.01]

10 to <15 years 1/33 (3.0%) 3/43 (7.0%) .43 [.05, 
3.99]

2/23 (8.7%) 1/21 (4.8%) 1.83 [.18, 
18.70]

0/46 (0.0%) 1/47 (2.1%) …

≥15 years 14/192 (7.3%) 28/206 
(13.6%)

.54 [.29, 
.99]

10/148 (6.8%) 14/117 
(12.0%)

.57 [.26, 
1.23]

7/187 (3.7%) 5/164 
(3.0%)

1.23 [.40, 
3.79]

Gender

Female 21/269 (7.8%) 32/252 
(12.7%)

.62 [.36, 
1.04]

14/226 (6.2%) 23/243 
(9.5%)

.65 [.35, 
1.24]

5/222 (2.3%) 8/247 
(3.2%)

.70 [.23, 
2.09]

Male 9/132 (6.8%) 10/147 
(6.8%)

1.00 [.42, 
2.39]

19/172 (11.0%) 20/159 
(12.6%)

.88 [.49, 
1.58]

3/168 (1.8%) 5/163 
(3.1%)

.58 [.14, 
2.40]

Enrollment period

July–September 
2020

0/7 (0.0%) 1/7 (14.3%) … 0/12 (0.0%) 2/14 
(14.3%)

… 0/0 0/0 …

October– 
December 2020

3/88 (3.4%) 8/84 (9.5%) .36 [.10, 
1.30]

7/88 (8.0%) 13/85 
(15.3%)

.52 [.22, 
1.24]

0/82 (0.0%) 2/87 (2.3%) …

January–March 
2021

8/114 (7.0%) 11/120 
(9.2%)

.77 [.32, 
1.83]

11/101 (10.9%) 12/100 
(12.0%)

.91 [.42, 
1.96]

4/111 (3.6%) 4/120 
(3.3%)

1.08 [.28, 
4.22]

April–June 2021 12/136 (8.8%) 14/124 
(11.3%)

.78 [.38, 
1.62]

8/131 (6.1%) 13/132 
(9.8%)

.62 [.27, 
1.45]

1/122 (0.8%) 6/119 
(5.0%)

.16 [.02, 
1.33]

July–September 
2021

7/56 (12.5%) 8/64 
(12.5%)

1.00 [.39, 
2.58]

7/66 (10.6%) 3/71 (4.2%) 2.51 [.68, 
9.31]

3/75 (4.0%) 1/84 (1.2%) 3.36 [.36, 
31.61]

Respiratory vs nonrespiratory syndromeb

Respiratory 16/206 (7.8%) 19/179 
(10.6%)

.73 [.39, 
1.38]

19/255 (7.5%) 24/183 
(13.1%)

.57 [.32, 
1.00]

3/187 (1.6%) 2/59 (3.4%) .47 [.01, 
2.77]

Nonrespiratory 14/195 (7.2%) 23/220 
(10.5%)

.69 [.36, 
1.30]

14/143 (9.8%) 14/182 
(7.7%)

1.27 [.63, 
2.58]

5/203 (2.5%) 11/351 
(3.1%)

.79 [.28, 
2.23]

mRDT result

Positive 11/217 (5.1%) 16/189 
(8.5%)

.60 [.29, 
1.26]

5/112 (4.5%) 5/96 (5.2%) .86 [.26, 
2.87]

3/171 (1.8%) 5/188 
(2.7%)

.66 [.16, 
2.72]

Negative 19/184 (10.3%) 19/144 
(13.2%)

.78 [.43, 
1.42]

28/286 (9.8%) 19/163 
(11.7%)

.84 [.49, 
1.46]

5/219 (2.3%) 8/201 
(4.0%)

.57 [.19, 
1.73]

Numerators (n) denote unfavorable outcomes.  

Abbreviations: CI, confidence interval; mRDT, malaria rapid diagnostic test; RR, relative risk.  
aUnfavorable outcome was defined at day 7 as an elevated body temperature and/or reporting that day 0 symptoms had not improved.  
bAs indicated by the managing clinician based on symptoms and signs, before performance of diagnostic tests.
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prescribing in this subgroup. This observation should be 
investigated further and addressed in future implementation 
work.

More amoxicillin was prescribed for intervention-arm pa-
tients, presumably due to algorithm guidance for respiratory 
syndromes. Antibiotic choice for empiric prescribing varied 
across sites, likely due to local availability, individual 
health facility and clinician preferences, as was seen in 
control arms in this study and in other studies in similar 
settings [14, 30].

In conclusion, this study found that a diagnostic intervention 
for the management of febrile outpatients did not achieve the 
desired impact on antibiotic prescribing at 3 diverse and repre-
sentative sites in Uganda. Further work is needed to design and 
evaluate effective strategies to safely reduce inappropriate anti-
biotic use and improve antibiotic targeting for patients with 
acute febrile illnesses in similar settings.
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