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ABSTRACT

Background: Severe acute malnutrition (SAM) affects nearly 20 million children worldwide and
is responsible for up to 1 million deaths per year in children under the age of 5 years. Current
WHO guidelines recommend oral amoxicillin for children with uncomplicated malnutrition and
parenteral benzylpenicillin and gentamicin for those with complicated malnutrition. Because of
cost pressures and increasing antimicrobial resistance, the administration of empirical antibiotics
for children with SAM has recently been debated.

Methods: A systematic review of the current published literature was undertaken to assess the
efficacy, safety, cost-effectiveness and pharmacokinetics of antimicrobial treatment of children
with SAM in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.

Results: The initial search found 712 papers, eight of which met the inclusion criteria. Quality
assessment of the studies was performed as per the Grading of Recommendations Assessment,
Development and Evaluation guidelines. International guidelines and clinical data registries
were also reviewed which identified inconsistencies in current first- and second-line therapies
and dosing regimens.

Conclusion: Current evidence supports the continued use of broad-spectrum oral amoxicillin for
treating children with uncomplicated SAM as outpatients. There is no strong evidence to justify
changing the current parenteral therapy guidelines for children admitted with complicated
SAM, although they should be clarified to harmonise the dosage regimen of amoxicillin for the
treatment of SAM to 40 mg/kg twice daily, and to continue parenteral antimicrobials beyond
2 days if indicated by the clinical condition.
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Introduction SAM includes children who are clinically well, i.e. without
signs of infection and with a retained appetite (‘passed
the appetite test’) which is regarded as indicative of the
absence of severe metabolic disturbance. Complicated
SAM includes children with clinical features of infection,
metabolic disturbance, severe oedema, hypothermia,
vomiting, severe dehydration, severe anaemia or a lack
of appetite who require inpatient treatment.

Traditionally, all children with malnutrition were

Severe acute malnutrition (SAM) affects nearly 20 million
children under 5 years and causes up to 1 million deaths
annually by increasing susceptibility to death from severe
infection [1]. The most vulnerable age for malnutrition is
6-18 months when growth velocity and brain develop-
ment are especially high. However, with the introduction
of solid food in many low-income settings to children as

young as 2 montbhs, it is increasingly recognised that SAM
may occur in infants aged <6 months [2].

SAM is defined by two distinct clinical entities: (i)
severe wasting [marasmus, defined as middle upper-
arm circumference (MUAC) < 115 mm in children aged
6-59 months or a weight-for-height/length <-3 Z-scores
according to the 2006 WHO growth standards in children
aged 0-59 months]; and (ii) nutritional oedema (kwashi-
orkor, defined as bilateral pitting oedema) [3-5]. Children
with SAM are further classified according to the presence
or absence of medical complications [4]. Uncomplicated

managed as inpatients with empirical broad-spectrum
parenteral antibiotics, regardless of whether clinical
features of infection (or other complications) were pres-
ent [6]. However in the past decade, the advent of clin-
ically effective ready-to-use therapeutic foods (RUTF)
has resulted in the recommendation that children with
uncomplicated SAM (>80% of paediatric SAM cases) be
treated as outpatients, following the WHO-UNICEF com-
munity-based model for the management of malnutri-
tion [3,6]. This has occurred concurrently with changes to
the nutritional and clinical profile of children diagnosed
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Figure 1. Search strategy.

with (and treated for) SAM following the publication of
the 2006 WHO Child Growth Standards which resulted
in significant changes to the measurement of nutritional
status and a large increase in the number of children
classified as having SAM [7,8].

The rationale behind antibiotic treatment for children
with SAM lies in the view that malnourished children may
not show signs of clinical infection [9]. Older clinical trials
suggested evidence forimproved growth and decreased
mortality in malnourished children treated with antibiot-
ics [10]. The mechanism behind this clinical improvement
has been postulated to be secondary to the treatment
of underlying covert infection, prevention of colonising
micro-organisms, minimisation of nutrient diversion by
dampening inflammatory responses and a reduction in
enteropathy via alterations in the gut microbiome [10,11].
Indeed, several epidemiological studies have documented
a high prevalence of covert pneumonia, bacteraemia
and urinary tract infections in children with malnutrition
caused by a variety of Gram-positive and Gram-negative
organisms, including Staphylococcus aureus, Streptococcus
pneumoniae, Escherichia coli, Klebsiella spp, Salmonella
spp and other enterobacteriaceae [12-17].

With most SAM treatment now being in the outpatient
setting, broad-spectrum oral antibiotics for uncomplicated
SAM continue to be recommended by WHO and UNICEF.
For complicated SAM, intravenous therapy followed by
oral therapy (including a prolonged course of an amino-
glycoside) is recommended; however, the evidence base
for this is weak [4,18,19]. Increasing antibiotic resistance is
of international concern [20], as are the cost and logjistical
considerations of empirical antimicrobial treatment and
its possible side effects. High rates of non-susceptibility to
first- and second-line therapies have been documented
in several epidemiological studies in children with SAM
[12,13,15,21-25], and the need for a routine course of
oral antibiotics in children with uncomplicated SAM has
been questioned with some resource-constrained clinics
choosing not to prioritise their administration [9,26].

This review was therefore undertaken to evaluate the
recent international literature for evidence (or otherwise)
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pertaining to the clinical efficacy of antibiotic treatment
in children with SAM. Current recommendations by
WHO (Table 1) are published in the 2013 Pocketbook for
Hospital Care for Children [5,27] but, with the global threat
of increasing antimicrobial resistance and recently pub-
lished new data evaluating the efficacy and safety profiles
of antimicrobials in children presenting with uncompli-
cated SAM, a review of the evidence to ensure that current
recommendations remain appropriate is warranted.

Methods

Asearch for systematic reviews, meta-analyses, multi-cen-
tre studies and randomised controlled trials (RCTs) was
undertaken using the search terms outlined in Table 2.
The databases EMBASE, Cochrane Database of Systematic
Reviews and Pubmed were searched. Trials were limited
to those conducted in humans and published since
2010 in English or French to update the research which
informed the 2013 Guidelines [28]. Inclusion and exclu-
sion criteria are outlined in Table 3. International clin-
ical practice guidelines were also reviewed, including
the Infectious Diseases Society of America (IDSA), the
European Society for Clinical Medicine (ESCMID), BMJ
Clinical Evidence, the American Academy of Pediatrics,
Therapeutic Guidelines (Australia), Action Contre le Faim,
Médicins Sans Frontiéres, Valid International and national
guidelines in high-burden countries in Asia and Africa.
Clinical trial registries including www.clinicaltrials.gov
and http://www.who.int/ictrp/en/ were searched for
ongoing trials relevant to antibiotic treatment of SAM.

Results

The initial search produced 712 papers (Figure 1), 48 of
which qualified for full text review. Ultimately, seven stud-
ies met the inclusion criteria which were abstracted as
detailed in Appendix 1. Quality assessment of the studies
was performed as per the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
guidelines [29].

Characteristics of the included studies

Since 2010, four systematic reviews and/or meta-anal-
yses (conducted across an international setting)
[28,30-32] and three double-blind, placebo-controlled
trials conducted in Malawi [33], Niger [26] and Kenya [34]
evaluating children with SAM have been published. All
papers assessed children aged 6-59 months, apart from
one recent RCT which extended the intervention group
to severely malnourished children aged =2 months [34].
The definition of complicated and uncomplicated SAM
was the same in all the studies.

The single meta-analysis was classified as GRADE A
(high-quality evidence) and the remaining systematic
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Table 1. Current WHO inpatient and outpatient management guidelines for severe acute malnutrition.

Condition Recommendation

Evidence base* Year updated

Uncomplicated malnutrition [5] Oral amoxicillin

Conditional recommendation, low quality 2013

Complicated malnutrition [4,5]

Complicated malnutrition [4,5]

Dosage and time frame not specified — evidence
the drug dosage section advises 25 mg/kg
twice daily and for pneumonia.

IV benzylpenicillin 50,000 U/kg IM/IV every 6 h
for 2 days

OR

IV ampicillin 50 mg/kg IM/IV every 6 h for 2 days

THEN

Oral amoxicillin 25-40 mg/kg/dose every 8 h for
5 days (total 7-day course)

AND

IV/IM gentamicin 7.5 mg/kg IM/IV once daily
for 7 days

Oral metronidazole 7.5 mg/kg every 8 h None
for 7 days may be given in addition to
broad-spectrum antibiotics; however, the

Weak recommendation, low quality evidence

2012

2013

efficacy of this treatment has not been estab-

lished in clinical trials

*At the time of the recommendation.

Table 2. Search terms used in search strategy.

(1) Amoxicillin OR ampicillin OR penicillin OR procaine penicillin

(2) Amoxicillin + OR amoxicillin-clavulanate combination OR ampicil-
lin + penicillins + OR penicillin G + OR penicillin G, procaine

(3) Gentamicin OR aminoglycoside OR gentamicins+

(4) Cotrimoxazole OR sulfamethoxazole OR sulfamethoxazole OR trimeth-
oprim OR trimethoprim-sulfamethoxazole combination

(5) Ceftriaxone OR cephalosporin OR ceftriaxone+

(6) Ciprofloxacin OR quinolone OR fluoroquinolone OR ciprofloxacin+

(7) Chloramphenicol OR chloramphenicol+

(8) OR1-7

(9) Malnutrition OR malnourished OR underweight OR kwashiorkor OR
marasmus

(10) Malnutrition OR protein-energy malnutrition OR child nutrition
disorders OR infant nutrition disorders

(11) OR9-10

(12) 8 AND 11

(13) Limit 12 to humans (for clinical safety and efficacy trials) AND pub-
lished between 2010 and 2016

Table 3. Inclusion and exclusion criteria.

Exclusion criteria

« Published before 2010

+ Not pertaining to treatment
in humans (unless informing

Inclusion criteria
- Systematic review, randomised
controlled trial or multi-centre
study investigating antibiotic
therapy in children with compli- pharmacokinetics)
cated or uncomplicated SAM - Data pertaining to carriage rates
« Where resistance patterns were only
investigated, information on anti- - Irrelevant to clinical question

microbial testing methodologies  + Duplicates
documented - Correspondence
« Case reports or epidemiological
studies

reviews and RCTs were classified as GRADE level B
(moderate-quality evidence, Appendix 1). Study heter-
ogeneity in interventions and populations prevent fur-
ther pooling of the results for this review. There was one
further review of pharmacokinetics of antimicrobials in
children with SAM [35].

Evidence for current guidelines for uncomplicated
SAM

A systematic review which informed the current WHO
guidelines documented evidence from two studies

assessing the clinical efficacy of amoxicillin in children
with uncomplicated SAM [28]. The first, an unblinded
RCT in Sudan (n =458), demonstrated that oral amoxicillin
(40 mg/kg/day twice daily) for 5 days was as effective as
IM ceftriaxone for 2 days [36]. Intention-to-treat analysis in
the study showed that 53.5% (123/230) in the amoxicillin
group and 55.7% (127/228, difference 2.2%, 95% Cl -6.9-
11.3) in the ceftriaxone group had a weight gain of at least
10 g/kg/day during a 14-day period.The recovery rate was
not significantly different [70.0% (161/230) in the amoxi-
cillin group and 74.6% (170/228) in the ceftriaxone group
(p = 0.27)], nor were the case fatality rates [3.9% (9/230)
and 3.1% (7/228), respectively (p = 0.67)] with most deaths
occurring in the first 2 weeks of admission [36].

A retrospective study in Malawi compared oral
amoxicillin (60 mg/kg/day, n = 498) for 7 days with no
antibiotics (n = 1955). The recovery rate at 4 weeks was
poorer in children receiving amoxicillin (39.8% vs. 70.8%,
p < 0.001), but was similar at 12 weeks with similar rates
of death and default [37]. However, the research was
acknowledged to be at risk of bias, not just because of
its retrospective data collection but also because of the
different district locations of the cohorts of patients who
were not stratified by risk of HIV status (with a high prev-
alence in the study population) [38].

The current search identified two further systematic
reviews [30,31] and two RCTs [7,39] assessing the effi-
cacy of amoxicillin in SAM, as well as a meta-analysis
combining their results [32]. While excluded from the
inclusion criteria, three relevant observational studies
were also found in the literature and for the provision of
their epidemiological data, these studies are described
in Appendix 2 [14,40,41].

A systematic review in 2012 [31] did not find any inter-
ventional studies apart from those already documented
in the review outlined above. A 2013 systematic review
and meta-analysis (of observational data only) [30]
favoured amoxicillin over co-trimoxazole for cumulated
susceptibilities of all isolated bacteria [median 42% (IQR
27-55%) vs. 22% (IQR 17-23%); population-weighted



means 52.9% (IQR 23-57%) vs. 35.4% (IQR 6.7-42%)],
yet the authors noted that the evidence from inter-
vention studies (discussed below) revealed conflicting
results regarding the efficacy of amoxicillin in children
with SAM, which is especially difficult to interpret when
patients were not stratified by HIV infectivity status.

A 2013 double-blind, three-armed RCT [42] (GRADE
level B) compared the third-generation oral cephalo-
sporin cefdinir with amoxicillin and placebo in Malawi
(n = 2767). The overall case fatality rate was 5.4% and
it was significantly higher in children receiving pla-
cebo (7.4%) than in those receiving amoxicillin (4.8%,
p = 0.02) or cefdinir (4.1%, p = 0.003). This corresponds
to a 36% (95% Cl 7.0-55) reduction in mortality when
given amoxicillin and a 44% (95% Cl 18.0-62.0) reduc-
tion when given cefdinir. Children who received either
antibiotic agent also had greater increases in MUAC than
those who received placebo. The authors concluded that
the results provide clear evidence to support the rec-
ommendation of routine oral antibiotics as part of the
outpatient management of SAM. However, in consider-
ing the potential benefit of any policy move towards the
widespread use of oral cephalosporin, this would need
to be weighed against the risk of promoting communi-
ty-based antimicrobial resistance [9].

In contrast, a 2016 RCT of 2399 children aged
6-59 months with uncomplicated SAM in four rural treat-
ment centres in Niger found no significant difference in
the likelihood of recovery between those treated with
amoxicillin and those who received placebo (RR with
amoxicillin 1.05, 95% Cl 0.99-1.12) [26]. Amoxicillin sig-
nificantly accelerated early gains in weight and MUAC
(week 1 RR 3.8, 95% CI 3.1-4.6, p < 0.001) but had no
significant effect on overall weight or height gain by
week 4. Among children who recovered, time to recovery
was significantly shorter with amoxicillin (by only 2 days,
however) than with placebo (mean treatment 28 vs.
30 days, p <0.001); amoxicillin tended to reduce the risk
of death in children who were >24 months (RR 0.24, 95%
C10.02-2.12), but not in younger children (<24 months,
RR 3.04, 95% Cl 0.61-15.01). Notably, however, amoxi-
cillin decreased the risk of transfer to inpatient care, (RR
0.86,95% C10.76-0.98, p = 0.02), for acute gastroenteritis
in particular (RR 0.67, 95% Cl 0.48-0.94, p = 0.02). This
is surprising because the causative organisms primarily
responsible for gastroenteritis in young children tend
to be less sensitive to amoxicillin [43]. Gastrointestinal
side effects are common with amoxicillin so this clinical
improvement may in fact reflect the antibiotic’s effect on
reducing small bowel flora, modifying the composition
of the gut microbiome [44]. Overall, amoxicillin signifi-
cantly reduced hospital admission in those transferred
for inpatient care (RR 0.76, 95% Cl 0.62-0.92, p = 0.005).

This trial challenged the view that antibiotic therapy
is always necessary or beneficial in the management
of SAM and concluded that, by eliminating the routine
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prescription of antibiotics in children with uncompli-
cated SAM, treatment could be simplified (with associ-
ated cost savings, and limiting the spread of antibiotic
resistance) [26]. The international literature response
to these conclusions was mixed. Some supported the
view that the use of broad-spectrum mass antibiotics has
unintended consequences which outweigh the benefits
of routine administration [45], emphasising the impor-
tance of ensuring that essential and effective antimicro-
bials are available to treat all clinical infections in children
[45]. Others noted that a lack of clinical improvement in
children receiving amoxicillin should not be extrapolated
to mean that antibiotics are not beneficial in children
with SAM as it may simply be that amoxicillin is no longer
the most appropriate antibiotic [46].

These two RCTs [26,42] were subsequently analysed
in a 2016 meta-analysis (GRADE A high-quality evidence)
[32] which highlighted limitations in the RCT undertaken
in Niger, notably its failure to include children with
oedema, a potential selection bias since the WHO defi-
nition of uncomplicated SAM includes mild-to-moderate
bilateral oedema. This meta-analysis (total events 1610
amoxicillin, 1535 placebo) revealed an overall benefit to
survival in children with all three clinical forms of SAM
(kwashiorkor, marasmic kwashiorkor and marasmus,
summary risk ratio 1.03, 95% Cl 1.00-1.06, p = 0.03)
and survival benefits of amoxicillin in children with
marasmus (summary risk ratio 1.05, 95% Cl 1.00-1.11,
p =0.05). Minimal inconsistency was observed between
the two studies in tests for heterogeneity (/> = 0%) and
the authors concluded that the benefits of antibiotics
demonstrated in their analysis should reaffirm continuity
of the current WHO recommendations.

Despite the limitations of its methodology, one
additional observational study deserves comment. A
retrospective cohort study of 628 children with uncom-
plicated SAM managed by an outpatient therapeutic
programme in rural Ethiopia found that children who
received amoxicillin recovered significantly more quickly
than children who did not and with a higher rate of
recovery (HR 1.95, 95% Cl 1.17-3.23) [40]. However, the
methodology was unclearly described and children were
not observed in the administration of their medication
(which also included a package of interventions such as
RUTF, vitamin A and deworming tablets).

Evidence for current guidelines for complicated SAM

A systematic review in 2011 [28] found only one interven-
tional study (completed in 1996) which assessed the clin-
ical efficacy of ampicillin and gentamicin in 300 children,
reporting a case fatality reduction in children receiving
antibiotics from 20 to 6% (OR 4.0, 95% Cl 1.7-9.8) [47].
However, these antibiotics were administered along-
side a new protocol for the treatment of hypoglycae-
mia, and benefits therefore cannot be attributed to the
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antibiotic regimen alone. No other interventional trials
assessing empirical parenteral therapy in children with
complicated SAM were identified in this updated review,
although a 2013 systematic review found susceptibilities
of >80% to combined amoxicillin-gentamicin and gen-
tamicin in blood, urine and CSF cultures (Table 4) [30].
Recent observational evidence includes a prospec-
tive cohort study published in 2015 of 407 children with
respiratory compromise and radiological pneumonia
admitted to the Dhaka Hospital of ICDDR,B between
2011 and 2012 [41]. It evaluated patients treated with
parenteral ampicillin and gentamicin, and, in children
assessed as having treatment failure, antibiotics were
changed to second-line agents, ceftriaxone plus levo-
floxacin, in accordance with hospital protocol. Eighteen
children (4.4%) had bacteraemia, and 111 (27%) of
those admitted exhibited WHO-defined ‘danger signs’
of severe pneumonia (hypoxaemia, cyanosis, grunting,
convulsions, inability to drink or persistent vomiting) [5].
These children were significantly more likely to exhibit
treatment failure (RR 3.14, 95% Cl 2.30-4.29, p < 0.001)
and death (RR 2.78, 95% Cl 2.06-3.75, p < 0.001). The
authors postulated that the bacterial aetiology of pneu-
monia in these children with SAM might be more likely
to be owing to Gram-negative bacteria, and the unique
combination of severe infection, bacterial endotoxin and
small bowel overgrowth often observed in children with
SAM (resulting in oxidative stress and endogenous nitric
oxide production) might contribute to the high levels
of treatment failure and mortality [48]. Consistent with
previous publications [49], there was a low yield of posi-
tive blood cultures in children with pneumonia and SAM,
although 16% of the study population had received prior
antibiotic therapy. The few cultures which were positive
demonstrated better in vitro susceptibility to fluoro-
quinolones and extended-spectrum cephalosporins
than ampicillin and gentamicin. Only six children had a
blood culture isolate that was not susceptible to ampicil-
lin and gentamicin, and three of 407 children had blood

Table 4. Bacterial antibiotic susceptibilities (%) for common
first- and second-line therapies for treating children with SAM:
results of a meta-analysis of 767 children from Uganda, Kenya,
Turkey, Nigeria, Kenya and South Africa [30].

Population-

Interquartile weighted mean

Antibiotic Median range (meta-analysis)*
Amoxicillin 42 27-55 529
Co-trimoxazole 22 17-23 354
Gentamicin 80 77-85 72.8
Amoxicillin— 91.4 87-96 90.7
gentamicin
combination
Chloramphenicol 57.5 46-69 73.7
Ciprofloxacin 93 82-93 90.0
Ceftriaxone 84 80-94 89.3
Amoxicillin— 51 23-56 30.7
clavulanate

*Mean susceptibility weighed proportionally (coefficient) to number of
patients per study.

culture isolates that were not susceptible to ceftriaxone
and only one was not susceptible to ciprofloxacin [41].

Another observational study in Niger [14] undertook
clinical and biological characterisation of infectionsin 311
children aged 6-59 months admitted during 2007/2008
with complicated SAM who received parenteral amoxi-
cillin or ceftriaxone for suspected severe or complicated
infections, with subsequent treatment targeted towards
the suspected type of infection. Gentamicin was not
listed as an administered medication. Gastroenteritis was
the most frequent clinical diagnosis on admission, fol-
lowed by respiratory tract infections and malaria. Blood
cultures were positive in 17% of cases, more than half of
which were considered to be contaminants. The majority
of isolates were Gram-negative bacilli (most frequently
Salmonella spp.), followed by (in order of frequency) S.
aureus, E. coli, K. pneumonia, S. typhi, S. pneumonia, E. fae-
cium, E. faecalis and S. pyogenes. Most enterobacteriaceae
isolated were resistant to amoxicillin and co-trimoxazole
but susceptible to ceftazidime/ceftriaxone, gentamicin
and quinolones. These results concur with a recent epi-
demiological study in Niger [50] in which faecal carriage
of extended-spectrum -lactamase-producing entero-
bacteriaceae (ESBL-E) in 55 children aged 6-59 months
in a paediatric nutrition centre was 31% (n = 17/55) on
admission, with an acquisition rate of 94% (n = 15/16)
among those who were not carriers on admission and
were resampled on discharge. Of note, the CTX-M-15
gene was found in >90% of carriers. All children had
received antibiotic treatment while in hospital, with the
majority (75%) receiving multiple antimicrobial therapies
including amoxicillin, ceftriaxone and ciprofloxacin [50].

Intestinal carriage of ESBL-E is a significant concern for
the dissemination of multidrug-resistant bacterial infec-
tions as it might leave few therapeutic options for the
treatment of sepsis. Furthermore, the CTX-M gene is of
particular concern because of its known spread in hos-
pital and community settings [51]. Previous research has
detected a link between 3-lactam exposure and intestinal
colonisation by enterobacteriaceae resistant to cephalo-
sporins [52], which is of concern when monitoring ongo-
ing resistance patterns in children with SAM. If the spread
of ESBL results in the narrowing of clinically effective anti-
microbial therapy to carbapenems, the consequences of
further dissemination would be of extreme concern given
their expense and general lack of availability in low-in-
come settings. These observational studies highlight the
importance of continued monitoring of ESBL-producing
organisms in children admitted with SAM.

Current guidelines support a prolonged (7-day)
course of gentamicin despite no previous support-
ing RCT evidence of efficacy [9]. The ototoxicity and
nephrotoxicity effects should be considered in chil-
dren with SAM who may have reduced renal function
or dehydration. The clinical efficacy of gentamicin, an
aminoglycoside antibiotic distributed in the extracellular
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fluid and eliminated by the kidneys, is determined by
the relationship between peak concentration and min-
imal inhibitory concentration (MIC), with similar phar-
macokinetic parameters in malnourished and eutrophic
children [53]. Gentamicin has advantages in covering
many Gram-negative organisms including pseudomonas
spp. (not covered by ceftriaxone), and convenient once-
daily dosing. However, no research has investigated the
possible adverse effects caused by a prolonged course,
and its safety depends on children having normal renal
function. Most international guidelines require the
serum gentamicin concentration to be monitored after
the third or fourth dose to avoid nephrotoxicity, which
is expensive and logistically difficult in the low-income
settings in which SAM is usually treated [54]. Therefore, in
these settings, the implications of prolonged gentamicin
require consideration.

Evidence for alternative antibiotic therapies

A meta-analysis in 2013 of 2767 children with all grades
of SAM pooled from observational data assessed the
antibiotic resistance of blood, urine and CSF cultures
[30]. Apart from the improved susceptibility of amox-
icillin over co-trimoxazole (as described above), the
analysis also documented that the susceptibilities of
chloramphenicol and amoxicillin—clavulanate were
73.7% and 30.7%, respectively. Gentamicin, amoxicil-
lin—-gentamicin, ceftriaxone and ciprofloxacin had the
highest rates of susceptibility (>80%). These aggregated
data document the generally high resistance to first-
line antibiotics in a population of mixed, moderate and
severely malnourished children in sub-Saharan Africa
and Turkey (Table 4).

Metronidazole. Metronidazole has anti-anaerobic
and anti-protozoal activity and is effective against
small bowel bacterial overgrowth and Clostridium
difficile colitis. Its antimicrobial effect depends on
peak concentration and there is a significant ‘post-
antibiotic’killing effect. The 2013 WHO guidelines state
“Metronidazole 7.5 mg/kg every 8 h for 7 days may
be given in addition to broad-spectrum antibiotics;
however, the efficacy of this treatment has not been
established in clinical trials” [5]. Small cohort studies
suggest that metronidazole has benefits for nutritional
recovery in SAM, and improved nutrition is associated
with improved survival. Metronidazole is highly
effective against protozoa such as Giardia, which has
been shown (by microscopy) to be prevalent in more
than 30% of children with SAM in a Nairobi slum [55],
and up to 60% of malnourished children in Rwanda (by
PCR) [56]. In Jamaica, half of a population of children
admitted for nutritional rehabilitation had evidence of
small bowel anaerobic bacterial overgrowth on breath
hydrogen testing associated with reduced appetite

and increased stool frequency, with breath hydrogen
normalising after a 5-day course of oral metronidazole
[571.

However, metronidazole can cause nausea and ano-
rexia, potentially impairing recovery from malnutrition
and, rarely, liver and neurological toxicity (Table 6). In
Mexico, a small pharmacokinetic study of metronida-
zole in children with SAM reported significantly pro-
longed clearance, suggesting that it may be warranted
to reduce dosing frequency [58]. Therefore, current evi-
dence is insufficient to be conclusive or to alter policy,
and, pending the results of a current pharmacokinetic
study and clinical trial (https:/clinicaltrials.gov/ct2/
show/NCT02746276), the routine use of metronidazole
should be avoided [9].

Amoxicillin-clavulanate. There have been no trials
or pharmacokinetic studies of amoxicillin-clavulanate
in children with SAM, although its routine use is often
prescribed with the anecdotal intention of tackling

systemic infection and small intestinal bacterial
overgrowth [9].
Ciprofloxacin. Ciprofloxacin could be a suitable

alternative for the management of sepsis in severely
malnourished children, and absorption is not affected
by the simultaneous administration of feeds [59]. As
with third-generation cephalosporins, however, the risk
of causing resistance to this important antimicrobial
needsto be weighed againstits clinical efficacy.To target
its use, considering the high rates of gastrointestinal
presentations in children with complicated SAM, future
clinical studies could investigate the option of oral
ciprofloxacin as first- or second-line therapy for children
with complicated SAM presenting with gastrointestinal
symptoms together with broad-spectrum parenteral
therapy. A 2013 systematic review documented
ciprofloxacin susceptibilities of IQR 82-93% (median
93%) [30].

Ceftriaxone. The potential value of oral third-
generation cephalosporins (cefdinir) in uncomplicated
SAM has been documented above [39]. In view of the
favourable susceptibility data (median 84, IQR 80-94%)
identified by the above 2013 systematic review (Table
4), parenteral ceftriaxone should in future be a focus
of clinical trials for children with complicated SAM.
Ceftriaxone has a broad spectrum of activity, is effective
in short courses, is logistically simple in its daily dose
administration (which may be intramuscular) and has a
wide therapeutic index which increases its safety and
efficacy [28].

Azithromycin. Since  mortality  benefits  were
observed after its mass distribution for trachoma
control in Ethiopia, azithromycin has been considered


https://clinicaltrials.gov/ct2/show/NCT02746276
https://clinicaltrials.gov/ct2/show/NCT02746276
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a promising possible alternative for uncomplicated
SAM [60]. However, no pharmacokinetic studies have
been undertaken in children with SAM, although they
should be considered in the future.

Co-trimoxazole as prophylaxis. Although replaced
by amoxicillin in the current SAM treatment guidelines,
a recent multi-centre, double-blind RCT [34] in four
sites in Kenya assessed co-trimoxazole as prophylaxis in
the same way it is used for children with HIV infection
for which it has reduced all-cause mortality [61]. A total
of 1778 HIV-negative children aged 2-59 months with
complicated SAM were randomly assigned to receive
daily co-trimoxazole prophylaxis or a matched placebo
for 6 months after clinical nutritional stabilisation. There
was no significant impact (p = 0.429) on growth or
mortality in those receiving cotrimoxazole [34].

Pharmacokinetics in SAM

When available, the pharmacokinetics of the above ther-
apies in children with SAM (including comparison with
well nourished controls) has been detailed in previous
reviews [28,35].1n 2010, a pharmacokinetic review of 34
drugs including non-antibiotics in children with SAM
concluded that the available data did not allow firm
conclusions to be drawn on the effects of SAM on drug
absorption rates [35]. Several drugs have reduced pro-
tein-binding — chloramphenicol, (flu)cloxacilllin, penicil-
linand sulphamethoxazole — and clearance is decreased
for drugs metabolised in the liver (chloramphenicol and
metronidazole), which is of concern because of potential
toxicity. However, clearance appears largely unchanged
for drugs renally metabolised (cefoxitin, penicillins, gen-
tamicin and amikacin) [35]. Two papers have identified
the need for adjustment of chloramphenicol dosage in
children with SAM [28,35].

A 2011 population pharmacokinetic study in Kenya
of ciprofloxacin in 52 children with SAM reported that
10 mg/kg thrice daily (30 mg/kg/day) rather than 10 mg/
kg twice daily (20 mg/kg/day) might be a suitable alter-
native antibiotic for sepsis in severely malnourished
children, and absorption was unaffected by the simul-
taneous administration of feeds [59]. In 2016, a popula-
tion pharmacokinetic study of gentamicin in 26 children
with SAM in Mexico reported that an intravenous dose
of 7.5-15 mg/kg once daily in children with SAM and
normal renal function has a high probability of efficacy
and low risk of nephrotoxicity [44].

Synopsis of international guidelines

A summary of the available international guidelines for
the use of antibiotics in SAM is documented in Table
5. Currently, all guidelines recommend amoxicillin as
the first-line therapy in uncomplicated SAM, although

there is variation in recommended dosages (from 50 to
100 mg/kg/day) and the duration of therapy (5-7 days).

For complicated SAM, there is inconsistency in the
first-line therapy recommended, including ampicillin/
amoxicillin, gentamicin and alternatives that comprise a
wide spectrum of antibiotics including third-generation
cephalosporins, ciprofloxacin, co-amoxiclav, metronida-
zole and even amikacin. Dosages of medications also dif-
fer with gentamicin recommendations ranging from 5
to 7.5 mg/kg, although B-lactam dosage guidelines are
consistent throughout.

Review of harms and toxicity: summary of evidence on
safety

Of the studies which included data on safety and adverse
events, no significant rate of adverse events was docu-
mented for any antibiotic intervention group [26,28,33,
34]. Side effects and relevant interactions between the
currently recommended therapies for SAM, and those
which may be considered in future clinical trials are doc-
umented in Table 6.

Discussion

On the basis of a meta-analysis of two clinical trials which
indicate an overall survival benefit and reduction in
admission rates, the current evidence supports the con-
tinued use of broad-spectrum oral antibiotics for treating
children with uncomplicated SAM (26, 32, 42). Ideally, the
choice of antibiotic should be dictated by local resistance
patterns and common pathogens [5]. However, where
malnutrition is common, microbiological data are rarely
available and may be misleading if laboratories are not
externally quality-controlled. The choices of antibiotic
are therefore influenced by cost, availability, ease of
administration and local susceptibility profiles [10].

Amoxicillin is relatively safe with minimal serious
adverse side effects and reaches therapeutic plasma lev-
els after oral administration in malnourished children; it
has been proven to improve outcomes in children with
SAM [62,63]. Currently available evidence supports the
continued routine administration of amoxicillin for chil-
dren with uncomplicated SAM treated in the community
at a clarified and harmonised dose of 80 mg/kg/day in
two divided doses for 7 days. This should also be the
regimen for children with complicated SAM after they
have stabilised.

For complicated SAM, there is limited evidence sug-
gesting that third-generation cephalosporins might be
more effective than ampicillin/gentamicin as parenteral
therapy during stabilisation. However, cephalosporins
carry an increased risk of exacerbating antimicrobial
resistance and therefore recommendations should not be
changed until further clinical trials have been conducted.
Parenteral treatment should be continued beyond 2 days



if indicated by the clinical condition, such as in severe
pneumonia or sepsis. The rationale for a 7-day course
of gentamicin in children with complicated SAM, who
commonly have dehydration and compromised renal
function, needs ongoing consideration because of the
potential ototoxic and nephrotoxic adverse events in this
population. However, the risks of toxicity have not been
well characterised and there are limited affordable alter-
native choices with a similar spectrum of cover.

There is increasing evidence of non-susceptibility to
commonly used antimicrobials in children with SAM,
including high rates of nosocomially and communi-
ty-acquired ESBL. Monitoring antimicrobial resistance
including distinguishing community from nosocomial
infections should be routinely undertaken when empir-
ical broad-spectrum antibiotics are used for any com-
munity treatment of children with a life-threatening
illness, including SAM. Future clinical trials adhering to
CONSORT (Consolidated Standards of Reporting Trials)
guidelines should investigate alternative options such
as azithromycin, ciprofloxacin and oral third-generation
cephalosporins which have been shown to exhibit ben-
efit, while improving the available pharmacokinetic data
for children with SAM and assessing the impact on local
resistance rates where these antimicrobials are used.
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