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Of 61 355 visits by children <5 years old to 48 government-run 
primary healthcare facilities in Nouna District, Burkina Faso, 
30 975 had an antibiotic prescribed (58% for pneumonia diag-
noses). A minority of prescriptions were for diagnoses not re-
quiring antibiotics, including malaria, nonbloody diarrhea, and 
cough without pneumonia.
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Antibiotic consumption can select for resistant organisms at 
both individual and community levels [1, 2]. Reducing un-
necessary antibiotic use may reduce antibiotic consumption 
without compromising necessary antibiotic use. In regions 
without diagnostic laboratory facilities, including in many 
areas of rural sub-Saharan Africa, pediatric antibiotic treat-
ment is guided by clinical symptoms [3, 4]. For example, the 
World Health Organization (WHO) recommends that chil-
dren with fast breathing and/or chest indrawing pneumonia 
receive oral amoxicillin, whereas those with a cough and cold 
only (no pneumonia) should not receive antibiotics [5, 6]. 
Similarly, WHO recommends antibiotic treatment for children 
with bloody diarrhea (dysentery) but not for nondysenteric di-
arrhea. In the current study, we used routinely collected data 
from primary healthcare facilities in rural Burkina Faso to eval-
uate antibiotic prescription among children <5 years of age with 
common childhood illnesses diagnosed and identify diagnoses 
with the most potential to reduce unnecessary antibiotic use.

METHODS

Study Setting

This study took place in 48 primary health care centers (Centres 
de Santé et de Promotion Sociale [CSPS]) in Nouna District, 
Burkina Faso [7]. Nouna District is a rural area of northwestern 
Burkina Faso that experiences highly seasonal rainfall from ap-
proximately July to October [8]. The high malaria transmission 
season coincides with the rainy season, when overall healthcare 
use is typically higher but antibiotic prescriptions are propor-
tionally lower, because more diagnoses are due to malaria [8]. 
Healthcare in the study area for children <5 years of age is pro-
vided free of charge by the government. The CSPS represents 
the first level of healthcare available in the healthcare system, 
offering basic preventive and curative care, such as routine vac-
cinations and antenatal care. These facilities do not typically 
have access to diagnostic laboratory facilities, with diagnostic 
testing limited to rapid diagnostic tests (RDT) for malaria.

Data Collection

We extracted data from all sick child visits from March to 
November 2020 at each facility, for all children <5 years of age. 
Data were restricted only to first-time visits, and we excluded 
follow-up visits in our analysis. We extracted data from written 
ledgers issued by the Ministry of Health for recording diag-
nostic and treatment information, which were entered into a 
custom-made electronic data capture form. We included infor-
mation on the date of the visit, the child’s age and sex, diagnosis, 
and treatment. We focused the analysis on the most commonly 
diagnosed infections and infectious symptoms, including pneu-
monia, malaria, diarrhea, fever, and cough. 

When RDTs are available, they are used to diagnose malaria. 
Because RDT stockouts are common, malaria is diagnosed 
symptomatically when RDTs are not available. All other diag-
noses are made following WHO community management of 
childhood illness algorithms, although the accuracy of these 
diagnoses is not captured in the data set. We categorized diag-
noses as mutually exclusive categories, including pneumonia; 
dysentery without pneumonia; malaria without pneumonia or 
dysentery; nonbloody diarrhea without dysentery, pneumonia, 
or malaria; fever without pneumonia, malaria, nonbloody di-
arrhea, or dysentery; cough without pneumonia, dysentery, 
malaria, nonbloody diarrhea, or fever; and all other diagnoses. 
excluding the previous categories.

Data Analysis

We calculated the proportion of each major diagnosis that received 
an antibiotic prescription overall and by antibiotic (including 
amoxicillin/penicillin, erythromycin, and cotrimoxazole), and 
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corresponding binomial confidence intervals account for clus-
tering at the CSPS level, using a nonparametric bootstrap. We 
then calculated the prevalence ratio of an antibiotic’s being pre-
scribed for children with each diagnosis, versus pneumonia as 
the reference category, using a modified Poisson model [9] and 
adjusting for the child’s age and sex and the season of the visit, 
with standard errors adjusted for clustering at the CSPS level 
(Huber-White robust standard errors). All analyses were con-
ducted using Stata software, version 15.1 (StataCorp).

RESULTS

Of 61  355 visits, 30  975 (50.5%) received an antibiotic pre-
scription. Antibiotic prescriptions were more common in the 

dry season than during the rainy season (in 57.1% vs 42.9% of 
visits; Supplementary Table 1). Of all antibiotic prescriptions, 
23 554 (76%) were associated with pneumonia, malaria, diar-
rhea, dysentery, fever, or cough. The majority of the remaining 
antibiotic prescriptions were primarily for skin conditions 
(Supplementary Table 2).

The majority of pneumonia and dysentery diagnoses re-
ceived an antibiotic prescription (97.1% and 91.9%, re-
spectively; Figure 1). Amoxicillin was the most commonly 
prescribed antibiotic for pneumonia, and metronidazole 
and ciprofloxacin were commonly prescribed for dysentery 
(Figure 1). Antibiotics were prescribed for 7.3% of malaria 
diagnoses, and malaria-only diagnoses were significantly 
less likely to receive an antibiotic prescription compared 
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Figure 1.  Percentage of each major infectious diagnosis receiving an antibiotic prescription, overall (A) and by specific antibiotic, including amoxicillin (B), cotrimoxazole 
(C), erythromycin (D), ciprofloxacin (E), and metronidazole (F). Dots represent point estimates; bars, exact binomial 95% confidence intervals.
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with pneumonia (Supplementary Table 3). However, given 
the frequency of malaria diagnosis, 1462 antibiotic pre-
scriptions were given for malaria diagnoses without pneu-
monia (approximately 5% of all antibiotic prescriptions). 
Approximately 1 in 5 nonbloody diarrhea diagnoses (20.0%) 
received an antibiotic prescription, mostly for ciprofloxacin 
(14.9% of nonbloody diarrhea diagnoses). Pneumonia diag-
noses were responsible for the majority of antibiotic pre-
scriptions (Supplementary Figure 1) and were significantly 
more likely than other diagnoses to receive an antibiotic pre-
scription (Supplementary Table 3).

DISCUSSION

We document that the majority of antibiotic prescriptions 
among children attending primary care facilities in Nouna 
District are dispensed for pneumonia diagnoses. Pneumonia is 
the leading cause of childhood death, and treatment is based 
on WHO-recommended treatment classification. Childhood 
pneumonia can have viral or bacterial etiology, but distin-
guishing between viral and bacterial pneumonia requires so-
phisticated diagnostic facilities that many children in regions 
with high pneumonia burden do not have access to. Because 
nonsevere pneumonia cases may be self-limiting and viral, re-
cent studies have evaluated whether antibiotics are necessary for 
mild pneumonia without danger signs [10–12]. Although most 
cases of nonsevere pneumonia recover without antibiotics, the 
proportion of cases recovered after 4 days was slightly higher 
with use of amoxicillin than without in randomized controlled 
trials [10, 11]. The majority of antibiotic prescribing in the cur-
rent study was appropriate, given the pneumonia diagnosis, 
because antibiotics are indicated for pneumonia. However, the 
diagnostic accuracy of pneumonia in this setting is unknown, 
and improvements in pneumonia diagnosis may reduce antibi-
otic consumption.

Malaria diagnoses were uncommonly prescribed an anti-
biotic. Amoxicillin, the antibiotic most commonly prescribed 
overall and for malaria, does not have antimalarial properties. 
The WHO does not recommend routine antibiotic treatment 
for uncomplicated malaria. Pneumonia and malaria can present 
with similar clinical signs, including fever, which often results 
in diagnosis and treatment for both conditions. Previous ana-
lyses have shown that while concomitant diagnosis is common, 
true overlap in disease is rare [13]. Primary healthcare facilities 
in the study area have RDT capability for diagnosing malaria 
but do not typically have radiographic facilities for diagnosing 
pneumonia. An improvement in diagnostics for pneumonia 
could reduce unnecessary antibiotic treatment if pneumonia is 
misdiagnosed .

WHO guidelines recommend antibiotic treatment for dys-
entery, with ciprofloxacin recommended as first-line treat-
ment, as such cases are presumed to be due to Shigella spp. 

[6]. In the study area, dysentery presenting with mucus is 
presumed to be amoebiasis (Entamoeba histolytica), and met-
ronidazole treatment is prescribed. In the current analysis, 
approximately half of antibiotic prescriptions for dysentery 
were metronidazole. E. histolytica is a relatively uncommon 
cause of childhood diarrhea in other settings in the Sahel 
[14], and it is possible that the current classification system 
is overcalling amoebic dysentery. Etiologic studies of diar-
rhea in this setting may be useful for determining the most 
common causes of diarrhea in these children and guiding 
treatment decisions. Although the WHO does not recom-
mend antibiotic treatment for nonbloody diarrhea, studies 
have shown that it is common in multiple settings [15, 16]. 
In the present study, approximately 1 in 5 cases of nonbloody 
diarrhea were treated with antibiotics, which may represent 
an opportunity to reduce antibiotic prescription.

Routinely collected healthcare surveillance data have in-
herent limitations that must be considered. Although we were 
able to rapidly collect data on thousands of child visits in the 
study area, these are data are subject to misclassification. If en-
tered incorrectly in ledgers, diagnosis and treatment data could 
be misclassified. In the absence of laboratory diagnostic facil-
ities, diagnoses themselves may be misclassified. RDT stockouts 
are not uncommon, and in the absence of an available RDT ma-
laria diagnoses are made symptomatically. Similarly, although 
the goal is to follow WHO algorithms for diagnosis of pneu-
monia, in practice they are not always followed. We did not 
have data on RDT stockouts, on which malaria diagnoses were 
made based on symptoms versus with an RDT, or on the quality 
of the pneumonia diagnoses. 

Data were not prospectively collected specifically for the 
purposes of this study, and thus we have limited information 
on copresenting symptoms that may drive treatment decisions 
and the accuracy of diagnoses. Data were collected in a single 
district of northwestern Burkina Faso and may not be gener-
alizable outside of the region. Despite these limitations, our 
data represent real-world diagnostic and treatment decisions 
based on currently available infrastructure in primary health-
care facilities in a rural area of Burkina Faso, and they data 
offer insight into treatment decisions made under real-world 
conditions.

These data demonstrate that the majority of pediatric anti-
biotic prescriptions in this area of Burkina Faso were due to a 
pneumonia diagnosis, with a minority of prescriptions due to 
diagnoses for which antibiotic use is not indicated, including 
malaria and nonbloody diarrhea. Interventions to reduce the 
use of antibiotics for nonindicated diagnoses may reduce overall 
antibiotic consumption.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
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of the authors, so questions or comments should be addressed to the 
corresponding author.

Notes
Financial support. This work was supported by the Bill & Melinda Gates 

Foundation (grant OPP1187628 to institution to support parent study; art-
icle processing charges)

Potential conflicts of interest. A. S.  reports grants from the National 
Institute of Child Health and Development National Institutes of Health 
(NIH), and travel support from the Bill & Melinda Gates Foundation, 
outside the submitted work. M. B.  reports travel support from the Bill & 
Melinda Gates Foundation, outside the submitted work. B.  F. A.  reports 
grants from the National Institute of Allergy and Infectious Diseases, NIH, 
and the Neglected Tropical Diseases (NTD) Support Center, Task Force for 
Global Health; travel support from the Bill & Melinda Gates Foundation; 
and advisory board fees from the National Eye Institute, NIH, all outside 
the submitted work. T. M. L. reports grants from the National Eye Institute, 
NIH, and the NTD Support Center, Task Force for Global Health; and travel 
support from the Bill & Melinda Gates Foundation, outside the submitted 
work. C. E. O. reports research grants to support ongoing work, to her in-
stitution from the National Institute of Child Health and Development and 
the National Eye Institute, NIH, and travel support from the Bill & Melinda 
Gates Foundation. All other authors report no potential conflicts. All au-
thors have submitted the ICMJE Form for Disclosure of Potential Conflicts 
of Interest. Conflicts that the editors consider relevant to the content of the 
manuscript have been disclosed.

References
1.	 Lipsitch M, Samore MH. Antimicrobial use and antimicrobial resistance: a popu-

lation perspective. Emerg Infect Dis 2002; 8:347–54.
2.	 O’Brien K, Emerson P, Hooper PJ, et al. Antimicrobial resistance following mass 

azithromycin distribution for trachoma: a systematic review. Lancet Infect Dis 
2019; 19:e14–e25.

3.	 Williams PCM, Isaacs D, Berkley JA. Antimicrobial resistance among children in 
sub-Saharan Africa. Lancet Infect Dis 2018; 18:e33–44.

4.	 Lee  AC, Chandran  A, Herbert  HK, et  al. Treatment of infections in young in-
fants in low- and middle-income countries: a systematic review and meta-analysis 

of frontline health worker diagnosis and antibiotic access. PLoS Med 2014; 
11:e1001741.

5.	 World Health Organization. Revised WHO classification and treatment of 
childhood pneumonia at health facilities. Geneva, Switzerland: World Health 
Organization, 2014 Available at: http://apps.who.int/iris/bitstream/handle/10665/ 
137319/9789241507813_eng.pdf. Accessed 21 April 2021.

6.	 World Health Organization. Recommendations for management of common 
childhood conditions. 2012. Available at: http://apps.who.int/iris/bitstream/han
dle/10665/44774/9789241502825_eng.pdf?sequence=1. Accessed 21 April 2021.

7.	 Sié  A, Ouattara  M, Bountogo  M, et  al; Étude CHAT Study Group. A double-
masked placebo-controlled trial of azithromycin to prevent child mortality in 
Burkina Faso, West Africa: Community Health with Azithromycin Trial (CHAT) 
study protocol. Trials 2019; 20:675.

8.	 im Kampe EO, Muller O, Sie A, Becher H. Seasonal and temporal trends in all-cause 
and malaria mortality in rural Burkina Faso, 1998–2007. Malar J 2015; 14:300.

9.	 Zou G. A modified Poisson regression approach to prospective studies with bi-
nary data. Am J Epidemiol 2004; 159:702–6.

10.	 Jehan F, Nisar I, Kerai S, et al. Randomized trial of amoxicillin for pneumonia in 
Pakistan. N Engl J Med 2020; 383:24–34.

11.	 Ginsburg AS, Mvalo T, Nkwopara E, et al. Placebo vs amoxicillin for nonsevere 
fast-breathing pneumonia in Malawian children aged 2 to 59  months: a dou-
ble-blind, randomized clinical noninferiority trial. JAMA Pediatr 2019; 173:21–8.

12.	 Lassi ZS, Padhani ZA, Das JK, Salam RA, Bhutta ZA. Antibiotic therapy versus 
no antibiotic therapy for children aged 2 to 59 months with WHO-defined non-
severe pneumonia and wheeze. Cochrane Database Syst Rev 2021; 1:CD009576.

13.	 Bassat Q, Machevo S, O’Callaghan-Gordo C, et al. Distinguishing malaria from 
severe pneumonia among hospitalized children who fulfilled integrated man-
agement of childhood illness criteria for both diseases: a hospital-based study in 
Mozambique. Am J Trop Med Hyg 2011; 85:626–34.

14.	 Kotloff KL, Nataro JP, Blackwelder WC, et al. Burden and aetiology of diarrhoeal 
disease in infants and young children in developing countries (the Global Enteric 
Multicenter Study, GEMS): a prospective, case-control study. Lancet 2013; 
382:209–22.

15.	 Lewnard JA, Rogawski McQuade ET, Platts-Mills JA, Kotloff KL, Laxminarayan R. 
Incidence and etiology of clinically-attended, antibiotic-treated diarrhea among 
children under five years of age in low- and middle-income countries: evi-
dence from the Global Enteric Multicenter Study. PLoS Negl Trop Dis 2020; 
14:e0008520.

16.	 Rogawski  ET, Platts-Mills  JA, Seidman  JC, et  al. Use of antibiotics in children 
younger than two years in eight countries: a prospective cohort study. Bull World 
Health Organ 2017; 95:49–61.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab471/6279443 by guest on 02 August 2021

http://apps.who.int/iris/bitstream/handle/10665/137319/9789241507813_eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/137319/9789241507813_eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/44774/9789241502825_eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/44774/9789241502825_eng.pdf?sequence=1

