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Background. Despite antibiotic prescription being recommended for dysentery and suspected cholera only, diarrhea still
triggers unwarranted antibiotic prescription. We evaluated antibiotic-prescribing practices and their predictors among
children aged 2-59 months in the Vaccine Impact on Diarrhea in Africa (VIDA) Study performed in The Gambia, Mali, and
Kenya.

Methods. VIDA was a prospective case-control study (May 2015-July 2018) among children presenting for care with
moderate-to-severe diarrhea (MSD). We defined inappropriate antibiotic use as prescription or use of antibiotics when not
indicated by World Health Organization (WHO) guidelines. We used logistic regression to assess factors associated with
antibiotic prescription for MSD cases who had no indication for an antibiotic, at each site.

Results. VIDA enrolled 4840 cases. Among 1757 (36.3%) who had no apparent indication for antibiotic treatment, 1358
(77.3%) were prescribed antibiotics. In The Gambia, children who presented with a cough (adjusted odds ratio [aOR]: 2.05;
95% confidence interval [95% CI]: 1.21-3.48) were more likely to be prescribed an antibiotic. In Mali, those who presented
with dry mouth (aOR: 3.16; 95% CI: 1.02-9.73) were more likely to be prescribed antibiotics. In Kenya, those who presented
with a cough (aOR: 2.18; 95% CI: 1.01-4.70), decreased skin turgor (aOR: 2.06; 95% CI: 1.02-4.16), and were very thirsty
(aOR: 4.15; 95% CI: 1.78-9.68) were more likely to be prescribed antibiotics.

Conclusions. Antibiotic prescription was associated with signs and symptoms inconsistent with WHO guidelines,
suggesting the need for antibiotic stewardship and clinician awareness of diarrhea case-management recommendations in
these settings.
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The overuse or misuse of antibiotics when deemed unnecessary or

not recommended by the international and national treatment
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guidelines is a major global public health threat [1]. Diarrheal dis-
eases remain a common clinical syndrome in which inappropriate
antibiotics are used, even though most of these illnesses are caused
by viruses or self-limited bacterial infections. Accordingly, the
World Health Organization (WHO) Integrated Management of
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Childhood Infections (IMCI) handbook does not recommend an-
tibiotics for the majority of diarrheal episodes, with the exception
of bloody diarrhea (with the aim of treating shigellosis, the most
common cause), suspected cholera with severe dehydration, or co-

existing severe acute malnutrition (SAM) [2]. Inappropriate use of
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antibiotics for diarrheal diseases or other conditions can pro-
mote antimicrobial resistance (AMR) to both diarrheal and
nondiarrheal pathogens [3], increase healthcare costs to both
providers and families [4], and increase morbidity and risks
of adverse reactions, including prolonged hospitalization
[5-9]. Antibiotic-resistant strains of Shigella, for example,
have emerged, leaving few options for effective, affordable
therapy [10-12].

Although AMR patterns can differ by geographic region
[13], resistant strains have spread globally [14] and exert the
greatest impact in low-income countries [15, 16]. Resistance
to essential antibiotics continues to increase in sub-Saharan
Africa [17]—a setting where knowledge of factors driving anti-
biotic prescription remains poorly understood. This was exem-
plified by a study of AMR among atypical enteropathogenic
Escherichia coli isolated from stool samples from children
younger than 5 years old with and without diarrhea in 7 devel-
oping countries in sub-Saharan Africa and South Asia partici-
pating in the Global Enteric Multicenter Study (GEMS) [18].
Using a combination of phenotyping and genomics, these in-
vestigators found that 65% of isolates displayed resistance to
3 or more drug classes over a 3-year period. To better under-
stand the drivers of antibiotic prescribing for diarrhea in
sub-Saharan Africa, we examined findings from the Vaccine
Impact on Diarrhea in Africa (VIDA) Study, a 3-year follow-on
study to GEMS that prospectively collected data on the clinical
management of MSD among children younger than 5 years of
age attending healthcare facilities at 3 sites in sub-Saharan
Africa [19].

METHODS

Study Design

The aim of this analysis was to assess the prevalence of inappro-
priate antibiotic-prescribing practices and their predictors
among cases with MSD aged 2-59 months nested within
VIDA, a case-control study designed to elucidate the incidence,
etiology, and adverse clinical consequences of MSD in children
aged 0-59 months residing in censused populations in Basse
and Bansang, The Gambia; Bamako, Mali; and Siaya County,
Kenya following rotavirus vaccine introduction. VIDA used
comparable methods to GEMS [20]. The study methods are de-
scribed in detail previously [21] and more recently [20].

Case Definition and Recruitment Methods

In brief, during a 36-month period from May 2015 to July 2018,
each site enrolled children 0-59 months of age belonging to a
censused population when they sought care at local Sentinel
Health Centers (SHCs). This analysis included a subset of these
children in 3 age strata (2-11 months, 12-23 months, and
24-59 months) with an acute, new episode of MSD, defined
as 3 abnormally loose or watery stools in the previous 24 hours,

accompanied by at least 1 of the following: sunken eyes, skin
tenting, intravenous rehydration, or hospitalization. To study
antibiotic use in those children with MSD for whom antibiotics
were not recommended, children enrolled in the main VIDA
study were excluded from this analysis if they were younger
than 2 months of age (because WHO recommendations do
not address this age group [2]) or who had a WHO indication
for antibiotics based on clinician diagnosis, including dysen-
tery, pneumonia, cholera, meningitis, or other invasive bacteri-
al infections; otitis media, tonsillitis, or pharyngitis; or SAM
[2]. The list of the definitions for the exclusion criteria are
shown in Supplementary Table 1. Note that, per IMCI, cough
or difficulty breathing in the absence of chest in-drawing or ta-
chypnea was not considered an indication for antibiotics.

Data Collection, Study Definitions, and Statistical Analysis Methods
Information on demographic, epidemiological, and clinical
characteristics prior to presentation at the SHC was collected
from the child’s primary caretaker at enrollment on standard-
ized forms. We recorded the study clinician’s assessment of the
child at enrollment and the medical management during the
child’s stay at the SHC, including antibiotic prescription data.
Antibiotic prescription was defined as either having been given
an antibiotic at the facility or receiving a prescription for home
use. We defined probable unnecessary antibiotic use as pre-
scription or use of antibiotics when not indicated by WHO
guidelines. Undernutrition was defined as children who were
wasted/very thin based on clinician judgement but who did
not meet criteria for SAM. Clinical fever was defined as a tem-
perature 37.5°C or higher. Tachypnea was defined as respirato-
ry rate in breaths/minute greater than 50 in infants aged 2-12
months and greater than 40 in children aged 1-5 years.

Using either chi-square or Fisher's exact test, as appropriate,
we compared proportions of MSD cases with various clinical
and demographic characteristics among those who were or
were not given a prescription for antibiotics. Medians for con-
tinuous variables were compared using a Wilcoxon rank-sum
test. We performed logistic regression with antibiotic prescrip-
tion as the outcome and all demographic and clinical symp-
toms as potential covariates separately for each site to allow
for site heterogeneity (clinical presentation, demographic,
and national guidelines). For all analyses, a P value less than
.05 was considered statistically significant. Data analysis was
performed using Stata/SE 16.0 (StataCorp, College Station,
TX, USA).

Ethical Approval

This study was approved by the ethical review committees at
the University of Maryland, Baltimore (HP-00062472); the
Centers for Disease Control and Prevention (CDC) (reliance
6729); The
Research Council/Gambia at the London School of Hygiene
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and Tropical Medicine (1409); the Comité d’Ethique de la
Faculté de Médecine, de
d’Odonto-Stomatologie, Bamako, Mali (no number); and the

Pharmacie, et

Kenya Medical Research Institute Scientific and Ethics
Review Unit in Siaya County, Kenya (SSE 2996). Written in-
formed consent was obtained from the parent(s) or primary
caretaker(s) of each child who met eligibility criteria before
any research activities were performed.

RESULTS

Participants

VIDA enrolled a total of 4840 MSD cases at the 3 study sites
combined. The number of cases who met exclusion criteria
for this analysis was 806 of 1678 (48.0%) in The Gambia, 468
of 1608 (29.1%) in Mali, and 1066 of 1554 (68.6%) in Kenya
(Supplementary Table 2). The leading causes of exclusion
across the sites were severe pneumonia and severe febrile
disease.

Antibiotic Prescription Patterns

Among the MSD cases enrolled, 734 of 4840 (15.2%) had a di-
arrheal indication for antibiotic prescription and, of these, 732
0f 734 (99.7%) had dysentery. Among those with dysentery, 641
of 732 (87.6%) were prescribed antibiotics. The most common-
ly prescribed antibiotics among dysenteric cases were cipro-
floxacin (365/428 [85.3%]) and metronidazole (27/428
[6.3%)]) in The Gambia, metronidazole (50/60 [83.3%]) and co-
trimoxazole (41/60 [68.3%]) in Mali, and ciprofloxacin (67/153
[43.8%]) and metronidazole (50/153 [32.7%]) in Kenya. A total
of 1757 (36.3%) enrolled MSD cases had no clinical indication
for antibiotics according to our study definition and consistent
with IMCI guidelines. Of those who had no apparent indication
for antibiotics, 1358 of 1757 (77.3%) were prescribed antibiotics
(Figure 1).

The highest proportion of MSD cases with no apparent an-
tibiotic indication who were prescribed antibiotics was ob-
served in Mali (1055/1075 [98.1%]), followed by The Gambia
(232/403 [57.6%]) and Kenya (70/279 [25.1%]) (Table 1). The
most commonly prescribed antibiotics were cotrimoxazole
(880/1055 [83.4%]) and metronidazole (810/1055 [76.8%]) in
Mali, ciprofloxacin (109/232 [47.0%]) and metronidazole
(68/232 [29.3%]) in The Gambia, and cotrimoxazole (29/70
[41.4%]) and metronidazole (19/70 [27.1%]) in Kenya.

The distribution of characteristics of MSD cases with no an-
tibiotic indication who did and did not receive antibiotic pre-
scription stratified by site is shown in Table 2. This univariate
analysis showed that children with cough were significantly
more likely to receive a prescription for inappropriate antibiot-
ics in The Gambia (28.9% vs 19.9%; P =.039). A similar pattern
was seen in Kenya for cough (35.7% vs 23.9%; P = .054) and dif-
ficulty breathing (5.7% vs 2.4%; P =.048). Children with signs

of dehydration were less likely to receive an inappropriate an-
tibiotic prescription in The Gambia (very thirsty: 78.0% vs
86.0% [P=.043]; dry mouth: 65.9% vs 76.6% [P=.02]) but
more likely in Mali (dry mouth: 66.1% vs 42.1%; P=.029)
and Kenya (very thirsty: 85.7% vs 62.2% [P < .0001]; decreased
skin turgor: 50.0% vs 34.9% [P = .025]). In The Gambia, youn-
ger children appeared more likely to receive an inappropriate
antibiotic prescription. In Kenya, children with fever (14.3%
vs 6.2%; P =.024) were more likely to receive an inappropriate
antibiotic prescription, whereas in The Gambia, children with
belly pain were less likely (38.8% vs 52.0%; P =.004).

Factors Associated With Antibiotic Prescription by Multivariable Analysis
The trends observed in the univariate, bivariate, and multivar-
iable analyses were consistent and generally produced concor-
dant statistically significant associations with some exceptions.
For example, in the multivariable analyses, there was no asso-
ciation between antibiotic prescribing and age or fever, whereas
children who appeared irritable in Kenya were marginally less
likely to receive a prescription.

Cases of MSD with no antibiotic indication in The Gambia
who presented with cough in the absence of respiratory distress
were more likely than those without cough to have an antibiotic
prescribed (adjusted odds ratio [aOR]: 2.05; 95% confidence in-
terval [CI]: 1.21-3.48); those who presented with belly pain
(aOR: .53; 95% CI: .35-.81) and dry mouth (aOR: .56; 95%
CL: .33-.94) were less likely to have an antibiotic prescribed
than those without these symptoms. In Mali, MSD cases who
presented with dry mouth were more likely to have an antibi-
otic prescribed compared with those who did not (aOR: 3.16;
95% CI: 1.02-9.73). In Kenya, a cough (aOR: 2.18; 95% CI:
1.01-4.70), decreased skin turgor (aOR: 2.06; 95% CI: 1.02—
4.16), and the child being very thirsty (aOR: 4.15; 95% CI:
1.78-9.68) were positively associated with apparent unneces-
sary antibiotic prescribing among MSD cases with no antibiotic
indication, whereas those who were restless/irritable (aOR: .50;
95% CI: .26-.99) were less likely to have an antibiotic pre-
scribed (Table 3).

DISCUSSION

Our findings indicate that nonadherence to IMCI guidelines
for treatment of diarrhea is prevalent at the study sites in
sub-Saharan Africa, manifesting as prescription of antibiotics
that are ineffective or unnecessary, or not prescribing antibiot-
ics when they are indicated. Overall, 88% of children with dys-
entery were prescribed antibiotics, but only 59% of them
received the recommended first-line therapy with ciprofloxa-
cin. In addition, 77% of MSD cases who had no apparent indi-
cation for therapy were prescribed antibiotics. Unindicated
antibiotic prescription was associated with specific clinical fea-
tures, which varied somewhat from site to site, suggesting that
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|

Antibiotic not prescribed
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Enrollment and antibiotic prescription flowchart in VIDA: 2015-2018. Abbreviations: IMCI, Integrated Management of Childhood Infections; MSD, moderate-to-severe

diarrhea; SAM, severe acute malnutrition; VIDA, Vaccine Impact on Diarrhea in Africa. *Nondiarrheal criteria for exclusion: (1) clinical diagnosis—pneumonia, meningitis, bacterial
infection, sepsis, pharyngitis, otitis media, skin infection, impetigo; (2) IMCI criterial for antibiotics—uncomplicated SAM, pneumonia, SAM with complications, very severe febrile

disease. "Diarrheal criteria for exclusion: dysentery, cholera.

cross-cutting antimicrobial stewardship is needed that is in-
formed by local clinical practices.

Overall, most children with watery diarrhea in The Gambia
(58%) and Mali (98%) and 25% in Kenya received an antibiotic
that the guidelines deemed unnecessary, corroborating results
from other studies indicating the widespread nature of this prob-
lem in primary care across low- and middle-income countries
(LMICs) [22], with some variation in the frequency and predis-
posing factors by country [23]. In many instances when antibiot-
ics were prescribed without an apparent indication, a drug was
selected that has limited utility for diarrheal pathogens. For ex-
ample, metronidazole was prescribed for nonbloody diarrhea
in approximately 28% of episodes in The Gambia and Kenya

and 77% in Mali. Metronidazole is not indicated for pediatric di-
arrhea unless the child has dysentery that fails to improve with
antibiotics directed against shigellosis, and it is not without ad-
verse reactions [24]. Inappropriate prescription of cotrimoxazole
was also common at all sites among children with watery diar-
rhea. The indication for empiric treatment with cotrimoxazole
is limited to dysentery, and because resistance is now wide-
spread, it should only be given when susceptibility is known or
expected based on local data. Future studies should explore these
drivers of decisions on antibiotic prescription to support the de-
velopment of effective strategies that encourage appropriate, ef-
fective, affordable, evidence-based, guideline-driven antibiotics
use for management of diarrheal diseases.
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Table 1. Antibiotics Prescribed for Moderate-to-Severe Diarrhea Cases
Without an Apparent Indication for Antibiotic Treatment Stratified by
Site in VIDA, 2015-2018

The
Gambia Mali Kenya
No. without apparent indication for 403 1075 279
antibiotics
No. (%) prescribed antibiotics without 232 (57.6) 1056 70
apparent indication (98.2) (25.1)

No. (%) of MSD cases prescribed, by antibiotic, among those without an
apparent indication

Ciprofloxacin 109 (47) 1(0) 1(1)
Metronidazole 68 (29) 810(77) 19(27)
Cotrimoxazole 41 (18) 880 (83) 29 (41)
Chloramphenicol 21 (9) 0 (0) 0 (0)
Azithromycin 10 (4) 7(1) 0(0)
Erythromycin 6 (3) 22 (2) 12 (17)
Amoxycillin 4(2) 8 (1) 9 (13)
Ampicillin 4(2) 0(0) 0(0)
Gentamycin 3(1) 8 (1) 0 (0)
Penicillin 1(0) 0 (0) 0 (0)
Nalidixic acid 1(0) 0(0) 0(0)
Ceftriaxone 0(0) 49 (5) 0(0)
Cephalosporin 01(0) 12 (1) 0(0)
Pivmecillinam 0 (0) 0 (0) 0 (0)
Other 0(0) 0 (0) 1(1)°

Abbreviations: MSD, moderate-to-severe diarrhea; VIDA, Vaccine Impact on Diarrhea in
Africa.

#Tetracycline.

Inadequate laboratory capacity, a common problem in
Africa, has been suggested as a barrier to effective decision
making by clinicians in LMICs regarding the need for antibiotic
therapy [25-27]; however, this may not fully explain our find-
ings. Although bacterial culture results could be accessed by cli-
nicians caring for VIDA participants, the results were not
available for several days after the patients had been treated
and so were rarely used for decision making. Recognizing the
limitations of culture to inform therapy for dysentery, IMCI ad-
vises that antibiotic treatment be guided by local susceptibility
patterns, but numerous studies suggest this is not being done.
For example, in 2014, Odhiambo et al [28] reported that clini-
cians at the leading referral hospitals in proximity to the VIDA
sites in Kenya did not utilize the existing laboratory capacity on
enteric pathogen susceptibility to guide patient management
[29-33]. Clinic-based surveillance for diarrheal pathogens
was established in this area of Kenya in 1997. Despite a series
of publications from these sites demonstrating high rates of
AMR to the antibiotics commonly used to treat dysentery
[25-27], only approximately 44% of Kenyan children with dys-
entery in VIDA were treated with the recommended first-line
ciprofloxacin therapy. In Mali, no dysentery cases were pre-
scribed ciprofloxacin, whereas metronidazole was prescribed
as first-line therapy for 83% of dysentery cases despite its lack

of efficacy for shigellosis. Although emergence of resistance
to cotrimoxazole prompted the current WHO recommenda-
tion that it only be used when local susceptibility is document-
ed, it was prescribed for 68% of dysentery episodes in Mali. In
fact, more than 80% of Shigella isolates were resistant to cotri-
moxazole during GEMS [20] and VIDA [34]. Prescription of
these ineffective drugs for unnecessary indications presents
risk without benefit and may, in part, explain the frequent
poor treatment outcomes and antibiotic resistance in these
countries and other LMICs [27].

Antibiotics were prescribed significantly more often in our
study when selected clinical findings were present that do not
carry an indication. For example, in Mali and Kenya, antibiotic
prescription was 2-4 times more likely when a healthcare pro-
vider observed signs of dehydration (dry mouth, excessive
thirst, and/or decreased skin turgor). In The Gambia and
Kenya, both rural sites, children with cough in the absence of
respiratory distress were more likely to receive antibiotics
than those without these findings. These observations corrobo-
rate those of Rhee et al [22] in Kenya and Ahmad et al [32] in
India that cough without IMCI criteria for pneumonia was fre-
quently associated with unnecessary antibiotic prescribing
among children with diarrhea.

The main limitation in our current study is that it was not
originally designed to evaluate the decision process in antibiot-
ic prescribing, which could have resulted in misclassification of
some cases as not warranting antibiotics. Important factors that
this study did not explore include the prescribers’ knowledge,
attitude, and rationale for their antibiotic prescription deci-
sions or barriers to implementing guidelines such as drug
cost or availability.

Conclusions

The WHO considers AMR to be one of the biggest threats to
global health, food security, and development, and under-
scores the role of antibiotic misuse in accelerating the process
[5]. The high prevalence of antibiotic prescriptions that are
both unindicated and ineffective underscores the compelling
need to explore the factors that drive clinical decision making,
the barriers to implementing antimicrobial stewardship in
LMICs [35], and the feasibility and effectiveness of interven-
tions that might influence a clinician’s decision to prescribe a
recommended antibiotic in these settings [36-38]. Research,
policy, and implementation must be harnessed to develop ro-
bust antibiotic stewardship that includes healthcare worker
training in treatment guidelines and the implications of non-
adherence, dissemination of local antibiotic susceptibility
data in a format that informs treatment decisions, increasing
access to affordable first-line antibiotics at health centers
while limiting access to antibiotic dispensing by untrained
persons, community messaging about prudent antibiotic
use, and ongoing oversight.
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Supplementary Data

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