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This article summarizes the characteristics and outcomes of 3 
randomized trials (conducted in Burkina Faso, Ghana, and 
Uganda) comparing the effects of point-of-care tests and di-
agnostic algorithms with those of routine care on antibiotic 
prescriptions and clinical outcomes in ambulatory patients 
presenting at outpatient facilities with acute uncomplicated 
febrile illness. These trials are part of the Antimicrobial 
Resistance (AMR) Diagnostic Use Accelerator Program 
(ADIP), set up by FIND to identify practical ways to help pre-
vent further development and spread of antimicrobial resis-
tance and improve the quality of care for patients with 
acute febrile illnesses in low-resource settings. The back-
ground, objectives, and methods of this program are present-
ed in the introductory article in this issue; individual country 
results are presented separately in the relevant articles in 
this supplement (see Kiemde et al, Adjei et al, and Kapisi 
et al  [1–3]).

METHODS

Details of clinical trial methods and data management are pub-
lished in the protocol [5], as well as in the introductory article 
and the individual study reports in this issue (see Olliaro et al, 
Kiemde et al, Adjei et al, and Kapisi et al [1–4]). This meta- 
analysis is restricted to children and young people <18 years 
of age. (Adults were also recruited in Uganda, but they are ex-
cluded from this meta-analysis for reasons of consistency 
across study sites; the complete study results are provided by 
Kapisi et al. Descriptive statistics are used for baseline and de-
mographic characteristics by country and overall. Categorical 
values are summarized as percentages, continuous variables 
as means with standard deviation and or medians with inter-
quartile range.

In this article, we present individual study data and pooled 
estimates of relative (risk ratio [RR]) and absolute (risk differ-
ence [RD]) effects with 95% confidence intervals (CIs). The 
same overall estimates were obtained both by individual partic-
ipant data and aggregated data meta-analysis with a fixed effect 
on the country. RevMan 5.4.1 software was used to generate ag-
gregated estimates and forest plots [6].

In addition, a multivariable log-link model, has been per-
formed, modeling the antibiotic prescription status accounting 
for site-specific prescription frequencies per group, adjusted for 
basic demographic properties and diagnostic information avail-
able for both arms (ie, malaria rapid diagnostic test [RDT] results 
and respiratory or nonrespiratory diseases diagnosed).
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RESULTS

A total of 4715 ambulatory patients <18 years of age, present-
ing with fever for <7 days, were recruited at 7 sites in 3 African 
countries. The study population was well balanced in terms of 
country contribution (1718 patients [36.4%] in Burkina Faso, 
1512 [32.1%] in Ghana, and 1485 [31.5%] in Uganda), random-
ization (2320 [49.2%] randomized to the intervention arm and 
2395 [50.8%] to routine care), and sex. The overall median age 
was 3 years (Table 1).

Baseline Characteristics

Overall, 2076 of 4640 patients (44.7%) of patients had a 
respiratory disease diagnosed (either upper or lower 
respiratory tract), but with significant variations across 
countries; these patients included 846 of 1718 (49.2%) in 
Burkina Faso, 750 of 1410 (53.3%) in Uganda, and 1110 
of 1512 (73.4%) in Ghana. A respiratory condition was 
also diagnosed significantly more frequently in the inter-
vention group: on aggregate in 1522 of 2320 (65.6%) versus 
1184 of 2320 (51%) in the control arm (P < .001). At the 
country level, the difference was statistically significant in 
Burkina Faso (P = .006) and Uganda (P < .001) but not 
Ghana (P = .2).

In these malaria-endemic areas, malaria testing was done 
systematically in 4493 of 4715 patients (95.3%) and done 
more often, by a small but significant margin, in the interven-
tion group: in 2297 of 2320 patients (99%) in the intervention 
and 2196 of 2395 (97%) in the control group (P < .001). The 
overall malaria-positive RDT proportion was 49.7%, ranging 
from 11.2% in Ghana to 55.2% in Uganda and 74.8% in 
Burkina Faso. RDT positivity rates were similar in the 2 
arms: 1105 of 2297 (48.1%) in the intervention versus 1082 of 
2196 (49.3%) in the control groups overall, and also within 
each country. Rates varied over time with the transmission sea-
son (Supplementary Table 1).

Outcomes

Clinical Outcome
More than 97% of patients experienced a favorable clinical out-
come at the day 7 follow-up visit, defined as normal body tem-
perature and reporting improvement or resolution of day 0 
symptoms, with no difference between arms in terms of both 
relative (Figure 1A) and absolute effects (Supplementary 
Figure 1A) both at the country level and for aggregated data. 
The proportion of patients experiencing favorable 
clinical outcomes was similar between female patients (97.7% 
in the intervention and 97.4% in the control group) and male 
patients (98.2 and 97.5%, respectively). Clinical outcomes 
also did not differ between patients who received antibiotics 
and those who did not.

Antibiotic Prescriptions
The relative and absolute effects on antibiotic prescriptions are 
summarized in Table 2, Figure 1B, and Supplementary 
Figure 1B. The pooled estimated RR (95% CI) was 0.91 
(.85–.97) and the pooled estimated RD was −0.05 (−0.02 
to −0.07), translating into a number needed to test (NNT) of 
20 (14–50) (defined as the number needed to test to prevent 
1 antibiotic prescription [or to lead to 1 additional antibiotic 
prescription if positive]).

Antibiotic Prescriptions in Subgroups
Antibiotic Prescriptions by Age and Sex. Effects on antibiotic pre-
scriptions varied with participant age but not by sex. There 
was a significant decrease in antibiotic prescriptions overall 
among children <5 years old (pooled estimated RR, 0.84 
[95% CI, .78–.90]), ranging from a significant decrease in 
Burkina Faso (0.67 [.61–.75]) and Ghana (0.86 [.75–.98]) to a 
significant increase in Uganda (1.16 [1.02–1.33]). In the age 
group from 5 to <10 years, there was a significant increase over-
all (pooled RR, 1.23 [95% CI, 1.06–1.42]), which was significant 
at the country level, however, only for Uganda. Finally, there 
was no significant difference in the age group from 10 to <18 
years (RR, 0.91 [95% CI, .76–1.09]) (Supplementary 
Figure 2). Effects did not differ between female and male pa-
tients; among female patients, overall antibiotic prescription 
rates were 43.9% versus 49.1% in the intervention and control 
groups, respectively, compared with 45.7% versus 49.9% in 
male patients.

Antibiotic Prescriptions by Clinical Presentation—Respiratory Disease.

There was a significant reduction in antibiotic prescriptions 
among patients with a diagnosis of respiratory disease in the in-
tervention arm, with a pooled estimated RR of 0.77 (95% CI, 
.72–.82); at the country level this reduction was statistically sig-
nificant in Burkina Faso (0.58 [.53–.64]) and Ghana (0.84 
[.73–.96]) but not in Uganda (1.03 [.91–1.18]). There was no 
difference between arms among those with nonrespiratory pre-
sentation (RR, 1.05 ]95% CI, .93–1.18]) and this was reflected 
across all countries. (Table 3 and Supplementary Figure 3).

Antibiotic Prescriptions by Malaria Diagnosis. The intervention 
arm had significantly fewer antibiotic prescriptions among 
those with a negative malaria test (RR, 0.70 [95% CI, 
.65–.76]), and this was true in all 3 countries (RR, 0.46 in 
Burkina Faso, 0.69 in Uganda, and 0.85 in Ghana). Instead, an-
tibiotic prescription among patients with diagnosed malaria 
were higher in the intervention than in the control groups: 
the pooled estimated RR was 1.18 (95% CI, 1.07–1.29) but 
ranged from a decrease (0.86 [.76–.98] in Burkina Faso) to an 
increase (1.92 [1.64–2.26] in Uganda) (Table 3 and 
Supplementary Figure 4).
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Antibiotic Prescriptions by Respiratory Disease and Malaria Diagnosis.
When analyzing antibiotic prescriptions by combined malaria 
and respiratory diagnoses, the greatest benefit was for patients 
with respiratory disease who are malaria negative (pooled RR 
[95% CI], 0.70 [.63–.76]; Burkina Faso, 0.43 [.35–.52]; Ghana, 
0.81 [.71–.94]; and Uganda 0.76 [.63–.91]). A pooled summary 
estimate in favor of the intervention was also found for patients 
with respiratory disease who are malaria positive (RR, 0.81 
[95% CI, .74–.89]), and those with unknown status (0.86 
[.77–.95]). By contrast, patients with malaria and nonrespira-
tory disease had an overall increase in antibiotic prescriptions 
(RR, 1.52 [95% CI, 1.27–1.83]). These effects are similar across 
the different age categories. (see Table 3 and Supplementary 
Figure 5 for all ages and Supplementary Figure 6 for children 
<5 years old). Effects also varied over time and within the 
same country (Supplementary Table 2).

Multivariable Analysis. The multivariable analysis showed 
consistent results with the univariable analyses presented above, 
with an overall estimated RR of 0.87 (95% CI, .81–.93; P < .001).

Use and Results of Tests in the Intervention Group
In the intervention arm, a malaria RDT was performed in 99% 
of patients overall, white blood cell (WBC) total and neutrophil 
counts in 96.9%, and C-reactive protein (CRP) in 96.6%; these 
values were consistent across the 3 countries (Supplementary 
Table 3). Other tests were applied far less, and less consistently, 
with huge variation between countries (Burkina Faso was the 
most conservative and Ghana the most systematic): influenza 
(69.6% of patients), typhoid (61.2%), respiratory syncytial virus 
(RSV), group A Streptococcus (GAS), and Streptococcus pneumo-
niae (44.4%, 41.4%, and 32.8% respectively), and WBC esterase 
and nitrate (approximately 21% each) (Supplementary Table 3).

Test results also varied widely across the 3 countries in the 
intervention arm. For instance, malaria incidence rates were 
very high in Burkina Faso (75.5%) compared with Uganda 
(53.3%) and Ghana (11.4%), a difference that was mirrored 
by CRP levels (median, 28.6, 17.3, and 1.7, respectively); the 
overall median CRP level was 11.5 µg/mL (interquartile range, 
1.0–49.4 µg/mL), with values ranging from 1 to 150 µg/mL 
(Supplementary Table 3).

CRP levels differed between malaria-positive and malaria- 
negative patients (malaria is expected to be associated with 
elevated CRP levels) (Supplementary Figure 7). Overall, 
approximately 33% of cases fell in each of 3 preestablished 
CRP categories (<20, 20–80 and >80 mg/L) among malaria 
RDT–positive patients, compared with 82%, 12% and 6%, 
respectively, among malaria RDT–negative patients. CRP levels 
<10 mg/L were recorded in 70% of patients.

WBC total counts were similar in the 3 countries. It is not 
possible to derive the true incidence of infections like typhoid, 
streptococcus, influenza, and RSV, as the tests were applied so Ta
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variably, but the proportions of positive test results were 
generally low. In Ghana, with the tests done systematically, 
independent of clinical presentation, influenza was detected 
in 10% of cases, GAS in 4.6%, RSV in 2.8%, and typhoid in 
1.6% (Supplementary Table 3).

Antibiotics were generally prescribed after positive results of 
blood test for typhoid, throat swab test for GAS, or urine test 

for S. pneumoniae, with few exceptions, but less so for WBC ester-
ase and nitrate tests. Overall, antibiotics were prescribed in 45% 
and 53% of influenza-positive and RSV-positive results, respec-
tively (Supplementary Table 4). Antibiotic prescriptions in the in-
tervention arm increased with WBC counts and CRP and 
neutrophil levels, but rates differed across countries 
(Supplementary Table 5).

Figure 1. Clinical outcome (A) and antibiotic prescription rates (B). Note that no follow-up information was available for 37 patients in Burkina Faso (12 in the intervention 
and 25 in the control group 25) and 7 in Ghana (1 in the intervention and 6 in the control group). Abbreviations: CI, confidence interval; MH fixed, Mantel-Haenszel fixed-effect 
method; RR, risk ratio.

Table 2. Summary Outcomes: Antibiotic Prescriptions by Country and Overall

Country

Patients With ATBs Prescribed/Total 
in Group, No. (%) Effect

Intervention Group Control Group
Relative: Risk Ratio (RR) 

(95% CI)
Absolute: Risk Difference (RD) 

(95% CI) No. Needed to Testa

Burkina Faso 343/844 (40.6) 481/837 (57.5) 29% Reduction 
(−22% to −36%)

17 Fewer ATB Rx per  
100 patients tested 

(12–22 fewer)

1 Fewer ATB Rx for every 6 patients tested  
(range: 8 to 5 patients)

Ghana 294/760 (38.7) 323/745 (43.4) 11% Reduction 
(−21% to 1%)

5 Fewer ATB Rx per  
100 patients tested 

(0–10 fewer)

1 Fewer ATB Rx for every 21 patients tested  
(range: from 1 fewer for every 10 patients, to  
1 more for every 340 patients)

Uganda 396/703 
(56.3)

366/782 
(46.8)

20% Increase 
(9%–33%)

10 More ATB Rx per  
100 patients tested 

(4–15 more)

1 More ATB Rx for every 10 patients tested  
(range: 25 to 7 patients)

All countries 1033/2307 
(44.8)

1170/2364 
(49.5)

9% Reduction 
(−3% to −15%)

5 Fewer ATB Rx per  
100 patients tested 

(2–7 fewer)

1 Fewer ATB Rx for every 20 patients tested  
(range: 50 to 14 patients)

Abbreviations: ATB, antibiotic; CI, confidence interval; RD, risk difference; RR, risk ratio; Rx, prescription(s).  
aNumber needed to test to prevent 1 more ATB Rx if results were negative (or lead to 1 more if they were positive).
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DISCUSSION

Taken together, the results of these studies indicate that antibi-
otic prescriptions can be reduced without worsening clinical 
outcomes in children and young people with acute uncompli-
cated fever seen at outpatient facilities in sub-Saharan Africa. 
The effectiveness of the intervention in reducing unnecessary 
antibiotic prescriptions is highest in patients with nonmalarial 
fever and respiratory symptoms and in children <5 years of age.

On aggregate, the intervention resulted in a 9% reduction in 
antibiotic prescriptions (from as little as 3% to as much as 15%) 
relative to routine procedures and led to 1 fewer antibiotic pre-
scription in every 20 patients (from as many as 50 to as few as 
14). There was substantial heterogeneity in the size and direc-
tion of effects (eg, for example, a 29% reduction for Burkina 
Faso, with 1 fewer antibiotic prescription for every 6 patients 
tested, vs a 20% increase for Uganda, with 1 more prescription 
for every 10 tested), which means that these results may not be 
universally applicable as such. Despite this heterogeneity— 
mostly on account of differences in patients’ demographics 
and presenting conditions (eg, rates of malaria and respiratory 
disease) and physicians’ approaches (use and interpretation 
of tests, clinical judgment, and case management decisions)— 
prescribing effects in patients with fever not caused by malaria 
and/or with respiratory manifestations are consistently seen in 
the 3 countries, though with varying effect sizes. These results 
were confirmed in a multivariate meta-analysis that showed an 
overall relative reduction of 13% (range, 7%–19%).

The intervention led to 14–22 fewer prescriptions per 100 pa-
tients tested (ie, 1 fewer prescription for every 5–7 patients test-
ed) in patients with negative malaria RDT results; 11–18 fewer 
prescriptions per 100 (1 fewer for every 6–9 patients tested) in 
those with respiratory disease; and 13–22 fewer prescriptions 
per 100 (1 fewer for every 8–5 patients tested) in those who 
had both respiratory disease and a negative malaria test result. 

Of note, these effects were similar across the different age 
categories.

The marked effects on antibiotic prescriptions in patients 
without malaria and those with respiratory disease are particu-
larly important, because both of these conditions represent a 
substantial proportion of patients seeking care at ambulatory 
health facilities—respiratory disease in more than two-thirds, 
nonmalarial fever in about half, and both conditions occurring 
together in nearly half. These findings are particularly impor-
tant as the widespread use of malaria RDTs and application 
of the World Health Organization’s test-and-treat malaria 
guidelines [7] can paradoxically increase antibiotic prescrip-
tions in nonmalaria cases, in the absence of valid alternatives 
[8,9].

Operationally, these results offer a simple system for triaging 
patients using a malaria RDT—which is already routinely done 
—and clinical examination, to help identify the groups to target 
and those in which the intervention may not result in the in-
tended effects (ie, for patients with nonrespiratory disease or 
with a positive malaria result), unless the use of other tests is 
optimized. The data generated from these studies will prove 
useful for our understanding of how to tailor diagnostic proce-
dures to the local situation in order to reduce unnecessary an-
tibiotic use and provide better care in a sustainable way, in 
conjunction with more accurate surveillance of the prevailing 
causes of infections in a given area to identify the necessary 
tests to apply.

The study was not intended to provide “a one-size-fit-all pack-
age” to be universally applied but rather to test the effects, use, 
and utility of a selection of available point-of-care diagnostics 
within the framework of a clinical decision-making algorithm, 
which healthcare providers were free to apply at their discretion. 
For this reason, it has proved challenging to identify how the 
available tests were used in the decision-making process by the 
different operators in varied epidemiological conditions.

Table 3. Summary Outcomes: Antibiotic Prescriptions by Malaria and Respiratory Disease Status

Malaria RDT and Disease 
Status

Patients With ATBs Prescribed/ 
Total in Group, No. (%) Effect

Intervention 
Group

Control 
Group

Relative: RR 
(95% CI)

Absolute: RD 
(95% CI) No. Needed to Testa

Malaria RDT negative 504/1187 
(42.5)

669/1107 
(60.4)

30% Reduction 
(−24% to −35%)

18 Fewer ATB Rx per 
100 patients tested 
(14–22 fewer)

1 Fewer ATB Rx for every 6 patients 
tested (range: 7 to 5 patients)

Respiratory disease 747/1511 
(49.4)

743/1177 
(63.1)

23% Reduction 
(−18% to −28%)

15 Fewer ATB Rx per 
100 patients tested 
(11–18 fewer)

1 Fewer ATB Rx every 7 patients tested 
(range: 9 to 6 patients)

Malaria RDT negative and 
respiratory disease

390/938 
(41.6)

443/751 
(59)

31% Reduction 
(−24% to −33%)

18 Fewer ATB Rx per 
100 patients tested 
(13–22 fewer)

1 Fewer ATB Rx for every 6 patients 
tested (range: 8 to 5 patients)

Abbreviations: ATB, antibiotic; CI, confidence interval; RD, risk difference; RDT, rapid diagnostic test; RR, risk ratio; Rx, prescription(s).  
aNumber needed to test to prevent 1 more ATB Rx if results were negative.
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Among the battery of tests provided, malaria test, CRP levels, 
disease and WBC total and differential counts were applied sys-
tematically in the intervention groups in all 3 countries, allow-
ing comparisons across countries. Burkina Faso had the highest 
incident rates of malaria and, logically, the highest CRP levels; 
Ghana had the lowest of both. By contrast, we see different ap-
proaches to using the other tests, with Burkina Faso being the 
most conservative, Ghana using several tests systematically, 
and Uganda in between. Therefore, the proportions testing 
positive can hardly be compared across the 3 countries.

As expected, CRP levels were higher in malaria-positive than 
in malaria-negative patients—which makes CRP unsuited for 
distinguishing between bacterial and nonbacterial concomitant 
infections in the presence of malaria. Unexpectedly, however, 
one-third of malaria RDT–positive cases had CRP levels 
<20 mg/L.

In order to optimize this intervention, critical questions must 
be addressed regarding the suitability of available tests and how 
their use would translate into changes in antibiotic prescription 
practices. This study confirms that CRP values can contribute to 
rationalizing antibiotic prescriptions and that WBC total and dif-
ferential counts are of limited added value.

Of the several host biomarkers investigated to help distin-
guish between bacterial and nonbacterial causes of acute febrile 
illnesses [10], CRP is the most widely used and studied [11]. A 
systematic review and meta-analysis of various biomarkers 
concluded that CRP has good accuracy in distinguishing be-
tween bacterial and nonbacterial infections (summary area un-
der the receiver operating characteristic curve, 0.77 [CI 
.73–.81]), but the optimal cutoff could not be assessed [12]. A 
subsequent study in nonmalarial febrile inpatients in Italy 
found that CRP levels with a cutoff of 11 mg/L had the best ac-
curacy in distinguishing between bacterial and nonbacterial in-
fections (area under the receiver operating characteristic curve, 
0.90), followed by fibrinogen (0.85) and WBC total counts and 
neutrophil counts (0.80). No significant improvement was 
found when combining biomarkers [13].

When used for acute respiratory infections in primary care 
settings (mostly in high-income countries), the use of CRP test-
ing produced a reduction in antibiotic prescriptions over rou-
tine care at the time of consultation (RR, 0.79 [95% CI, .7–.9]; 
number needed to test to benefit, 8) but also generating signifi-
cantly more reconsultations within 30 days (number needed to 
test to harm, 27) [14]; in our study we did not follow up patients 
up beyond day 7. Another systematic review showed consistent 
results in ambulatory care services (RR, 0.81 [95% CI, .71–.92]), 
with improvements in effects when guidance on antibiotic pre-
scribing was provided (0.68 [.63–.74] in adults and 0.56 
[.33–.95] in children) [15].

These results are consistent with a previous Cochrane sys-
tematic review that found an RR of 0.78 (95% CI, .66–.92) for 
antibiotic prescriptions with CRP testing versus routine care 

overall but no significant effect when restricting the analysis 
to randomized trials (RR 0.90, 95% CI .80–1.02) [16]. In a con-
text closer to our study conditions, ie, in children <5 years of 
age with acute febrile illness in an outpatient clinic in 
Tanzania, CRP testing in combination with procalcitonin 
and other tests (as directed by an electronic algorithm) pro-
duced a 43% reduction in clinical failure and a reduction 
in antibiotic use (RR, .39 [95% CI, .33–.45]) compared 
with the use of an electronic algorithm derived from the 
Integrated Management of Childhood Illness guidelines [17]. 
However, it should be noted that antibiotic prescription rates 
in this study were much lower than in our settings (11.5% and 
29.5%, respectively, in the 2 arms) [17]. Yet even in the groups 
where significant gains were obtained, antibiotic prescriptions 
in the 3 studies remain considerably higher than expected 
based on CRP levels—8 patients in 10 overall had CRP levels 
<20 mg/L, and 7 in 10 had levels <10 mg/L, which would nor-
mally indicate a nonbacterial infection, thus not requiring 
antibiotics.

This study is otherwise less informative as to the role of the 
other tests provided and their use by the teams. While a 
positive test indicating a bacterial infection was almost 
systematically followed by antibiotic treatment, a consider-
able proportion of patients with negative tests and low CRP 
levels and WBC counts were still prescribed antibiotics on 
clinical presumption. For instance, patients with CRP levels 
<20 mg/L should not have been prescribed antibiotics unless 
they were <5 years old and met World Health Organization 
criteria for pneumonia, according to the algorithm. 
However, 38% of these patients did receive an antibiotic, 
though only a minority of them had also been found positive 
for typhoid (3.4%), GAS (5.1%), or S. pneumoniae (9.1%), 
possibly justifying less than half of the antibiotic prescrip-
tions in this category.

In conclusion, these studies demonstrate that, if correctly ap-
plied, interventions combining clinical decision-making algo-
rithms and point-of-care tests can rationalize antibiotic 
prescriptions without compromising clinical outcomes. There 
is a clear signal that this approach is particularly adapted to pa-
tient groups who represent a substantial proportion of ambula-
tory patients, like those with a nonmalarial fever, respiratory 
disease, or both and generally in children <5 years old. 
Triaging patients based on clinical presentation (respiratory 
or not) and results of a malaria RDT is relatively simple and in-
expensive and is part of routine care, even in peripheral health 
centers. More extensive investigations will be required to refine 
the intervention in terms of both test selection and the use of 
tests by healthcare workers to decide how to treat children pre-
senting at outpatient clinics with an acute febrile illness. A 
deeper understanding of prescribers’ behaviors and decision- 
making processes is also necessary in order to adapt training 
and promote buy-in.
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Supplementary materials are available at Clinical Infectious Diseases online. 
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author.
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