
International Journal of Antimicrobial Agents 61 (2023) 106690 

Contents lists available at ScienceDirect 

International Journal of Antimicrobial Agents 

journal homepage: www.elsevier.com/locate/ijantimicag 

Review 

Antibiotic use and resistance in children with severe acute 

malnutrition and human immunodeficiency virus infection 

Freddy Francis 1 , Ruairi C. Robertson 

2 , Mutsawashe Bwakura-Dangarembizi 3 , 
Andrew J. Prendergast 2 , 4 , Amee R. Manges 5 , 6 , §

1 Experimental Medicine, Department of Medicine, University of British Columbia, Vancouver, BC, Canada 
2 Blizard Institute, Queen Mary University of London, London, U.K 
3 University of Zimbabwe College of Health Sciences, Harare, Zimbabwe 
4 Zvitambo Institute for Maternal and Child Health Research, Harare, Zimbabwe. 
5 School of Population and Public Health, University of British Columbia, Vancouver, BC, Canada 
6 British Columbia Centre for Disease Control (BCCDC), Vancouver, BC, Canada 

a r t i c l e i n f o 

Article history: 

Received 7 April 2022 

Accepted 6 November 2022 

Editor: Professor J.-C. Lagier 

Keywords: 

Antibiotic Resistance 

Antibiotic Prophylaxis/Treatment 

Severe Acute Malnutrition 

Human Immunodeficiency Virus Infections 

Child Health 

a b s t r a c t 

Severe acute malnutrition (SAM) and human immunodeficiency virus (HIV) infection underlie a major 

proportion of the childhood disease burden in low- and middle-income countries. These diseases com- 

monly co-occur and lead to higher risk of other endemic infectious diseases, thereby compounding the 

risk of mortality and morbidity. The widespread use of antibiotics as treatment and prophylaxis in child- 

hood SAM and HIV infections, respectively, has reduced mortality and morbidity but canlead to increasing 

antibiotic resistance. Development of antibiotic resistance could render future infections untreatable. This 

review summarises the endemic co-occurrence of undernutrition, particularly SAM, and HIV in children, 

and current treatment practices, specifically WHO-recommended antibiotic usage. The risks and benefits 

of antibiotic treatment, prophylaxis and resistance are reviewed in the context of patients with SAM and 

HIV and associated sub-populations. Finally, the review highlights possible research areas and popula- 

tions where antibiotic resistance progression can be studied to best address concerns associated with the 

future impact of resistance. Current antibiotic usage is lifesaving in complicated SAM and HIV-infected 

populations; nevertheless, increasing baseline resistance and infection remain a significant concern. In 

conclusion, antibiotic usage currently addresses the immediate needs of children in SAM and HIV en- 

demic regions; however, it is prudent to evaluate the impact of antibiotic use on resistance dynamics 

and long-term child health. 

© 2022 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Childhood undernutrition contributes to more than 45% of 

orldwide mortality in children aged under 5 years [ 1 , 2 ], the bur-

en of which is concentrated in low- and middle-income countries 

LMICs). Childhood undernutrition presents in two major forms: 

asting, which is characterised by loss of tissue mass leading 

o low weight-for-height, with or without oedema; and stunting, 
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hich is characterised by impaired linear growth, leading to low 

eight-for-age. All forms of child undernutrition are commonly 

omplicated by infectious diseases, which compromise growth re- 

overy and increase the risk of mortality. Infants living in poor 

anitary conditions develop an idiopathic chronic inflammatory en- 

eropathy of the intestine, termed environmental enteropathy, soon 

fter birth, which leads to intestinal leakage of microbial products, 

nd chronic immune activation [3] . These factors contribute to a 

ascade of negative effects, including muscle wasting, gastrointesti- 

al malabsorption, and infectious disease, which result in severe 

cute malnutrition (SAM) [4] . 

SAM is an extreme form of undernutrition characterised by a 

ow weight-for-height z-score (WHZ) of less than -3 standard devi- 

tions below the World Health Organization (WHO) normal growth 

urve standard [5] or mid-upper arm circumference (MUAC) less 
nder the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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han 115 mm, and/or oedema. SAM affects 49 million children un- 

er the age of 5 years globally (2019 UNICEF Census), with more 

han two-thirds of these children living in Africa and Asia [6] . 

AM is further classified upon diagnosis as complicated or un- 

omplicated, with management occurring in in-patient and out- 

atient settings, respectively. Complicated SAM requires hospital- 

sation and treatment in alignment with the WHO 10-step guide- 

ines for management of malnutrition, addressing hypothermia, hy- 

oglycaemia and dehydration prior to treating for infection and 

eight recovery with antibiotics [7] . In contrast, uncomplicated 

AM can be managed in community-based acute malnutrition pro- 

rammes with ready-to-use therapeutic food and antibiotics. Even 

ith current management strategies, wasting remains at high lev- 

ls [8] . Death amongst children with SAM is commonly attributed 

o infections; however, the diagnosis of infection is difficult be- 

ause of altered clinical presentations, limited resources, and the 

ack of routine check-ups in children with uncomplicated SAM [9] . 

he usual signs of a bacterial infection, such as fever, may be ab- 

ent due to an altered immune state [ 9 , 10 ]. Complicated SAM is

ssociated with high mortality and children often present with in- 

ections. Therefore, as per WHO recommendations, any child hos- 

italised with complicated SAM is assumed to have an underlying 

nfection and is treated with broad-spectrum antibiotics. 

Human immunodeficiency virus (HIV) infection, another big 

ontributor to childhood mortality in LMICs, is common in SAM- 

ndemic regions. The 2019 UNICEF estimates show that there are 

1 million children under the age of 9 years living with HIV in 

ub-Saharan Africa and ∼10 0,0 0 0 children in East Asia and the Pa- 

ific [ 11 , 12 ]. Antibiotic prophylaxis is an integral part of HIV man-

gement in children. The WHO recommends that any child ex- 

osed to HIV should receive cotrimoxazole antibiotic prophylaxis 

tarting at 4-6 weeks of age, until after the cessation of breastfeed- 

ng once HIV infection has effectively been ruled out [13] . Children 

ith HIV infection receive long-term cotrimoxazole prophylaxis to- 

ether with antiretroviral therapy (ART), because daily antibiotics 

ave been shown to reduce morbidity and mortality even in the 

ontext of long-term ART [14] . 

With an increase in antibiotic use in food and agriculture in ad- 

ition to necessary antibiotic-dependent management practices for 

AM and HIV children, antibiotic resistance is an immediate con- 

ern. Described in this review are the parallels in antibiotic treat- 

ent and prophylaxis in SAM and HIV, and the important role of 

ntibiotics in reducing morbidity and mortality in children with 

omplicated and uncomplicated SAM and in children living with 

IV exposure and infection. Differences in direct antibiotic activ- 

ty to prevent or treat infections, and the indirect effects through 

mmunomodulation are highlighted. Also reviewed is the current 

vidence for the impact of these therapies on carriage of antibi- 

tic resistance genes (ARGs), infections with antibiotic resistant or- 

anisms (AROs), particularly enteric pathogen dynamics, and child 

ealth. Finally, the need to understand the dynamics of antibiotic 

esistance acquisition and development in children, and potential 

reas of future research are discussed. 

. Intersection of severe acute malnutrition and human 

mmunodeficiency virus infection 

Infants with undiagnosed HIV infection have rapid disease pro- 

ression in the absence of ART, and have a high risk of develop- 

ng malnutrition. Population-level studies have shown that approx- 

mately 20% of children with SAM in LMICs are also living with 

IV [ 15 , 16 ]. The co-occurrence of HIV with SAM increases the im-

unometabolic burden, HIV disease progression and, in turn, the 

robability that an infant will be exposed to broad-spectrum an- 

ibiotics in early life. The endemicity of SAM and HIV in these re- 

ions with other infectious diseases, such as malaria and tubercu- 
2 
osis (TB), further drives the need for antibiotics for prophylaxis 

nd treatment [17] . 

Given that more than 80% of the world’s undernourished chil- 

ren and more than 95% of HIV-positive/exposed children live in 

MICs, the non-specific administration of antibiotics due to these 

onditions, in addition to rising antibiotic use in food and agricul- 

ure, may increase the risk of widespread selection and amplifi- 

ation of ARGs and AROs. However, as the immediate focus is on 

ecreasing morbidity and mortality in children with SAM and HIV, 

ntibiotic resistance is currently overlooked. 

Antibiotics that effectively decrease morbidity and possibly con- 

ribute to recovery and growth have become a part of regular 

herapeutic regimens in SAM and HIV. Antibiotic treatment is ad- 

inistered to all children with SAM upon diagnosis, even without 

n overt infection, in both in-patient and out-patient settings [9] . 

otrimoxazole prophylaxis is administered empirically to all HIV- 

xposed children until they are confirmed to be HIV-negative [13] . 

here are few studies that directly evaluate the extent and im- 

lications of antibiotic use on resistance development in SAM or 

IV. Some retrospective clinical sub-studies have shown increasing 

opulation-level resistance to antibiotics that are predominantly 

sed in geographical regions with widespread SAM and/or HIV in- 

ection [ 18 , 19 ]. The recommended use of therapeutic and prophy- 

actic antibiotics in children diagnosed with SAM and HIV [20] , al- 

hough necessary, may contribute to further selection, transfer and 

mplification of genetic resistance elements, precipitating increases 

n mortality caused by antibiotic-resistant infections that become 

ifficult or impossible to treat. 

. Clinical guidelines and impact of antibiotic treatment in 

evere acute malnutrition 

Guidelines: Clinical guidelines vary for treating children with 

AM based on the presence or absence of clinical complications. 

hildren diagnosed with SAM who pass an appetite test, and are 

linically well, are considered to have uncomplicated SAM and are 

reated in out-patient settings using community-based manage- 

ent of acute malnutrition guidelines. In contrast, children with 

AM who exhibit metabolic disturbances, severe oedema, danger 

igns or lack of appetite are treated in in-patient settings. The 

HO treatment guidelines for children with complicated or un- 

omplicated SAM recommend antibiotic treatment upon diagnosis. 

The antibiotics primarily used in malnutrition treatment and 

anagement are β-lactam, sulfonamide and aminoglycoside an- 

ibiotics (summarised in Table 1 ). According to the WHO guide- 

ines, a child diagnosed with SAM who appears to have no compli- 

ations will receive a paediatric dose of amoxicillin (80 mg/kg/day) 

dministered in two divided doses for 7 days [21] . A child who 

hows any lethargy or has complications resulting in in-patient 

are, such as hypoglycaemia, hypothermia or urinary tract infec- 

ions, will receive parenteral antibiotics on admission to hospital. 

his is usually an initial dose of ampicillin or penicillin for 2 days, 

ollowed by amoxicillin for 5 days in combination with an amino- 

lycoside, such as gentamicin, for 7 days. A child who fails to im- 

rove clinically within 48 hours may receive a broader spectrum 

ntibiotic based on microbiological sensitivity patterns. Some pro- 

rammes use cephalosporins, such as cefotaxime, ceftriaxone or 

efdinir, as second-line treatments [21] , whereas others use sin- 

le or combination regimens, including carbapenems or fluoro- 

uinolones. An anti-staphylococcal drug, such as flucloxacillin, may 

e used where there is extensive dermatosis. Metronidazole, an 

ntibiotic with anti-anaerobic and anti-protozoal activity, is often 

sed when intestinal complications are suspected. The doses and 

he combinations used for the above-mentioned antibiotics vary 

etween settings. Suspected opportunistic infections, such as those 

aused by Pneumocystis jirovecii , are treated with other agents, in- 
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Table 1 

Antibiotics used in the management of severe acute malnutrition and HIV 

Condition 

WHO 

recommended 

antibiotics [ 21 , 28 ] Duration 

Antibiotic class 

[98] 

Antibiotic target and 

mechanism [98] 

Resistance genes and 

associated plasmids [98] 

SAM – no 

complication 

Amoxicillin (80 

mg/kg/day) 

2x daily for 

5-7 days 

Beta-lactam 

antibiotic 

Inhibition of penicillin 

binding proteins 

Disrupts 

transpeptidation 

TEM-1,TEM-30, OXA-1, OXA-2, 

blaF, ACI-1, SCO-1 

Complicated SAM 

– (septic shock, 

hypoglycaemia, 

hypothermia, skin/ 

respiratory/ 

urinary tract 

infection and 

lethargy) 

Ampicillin (or 

Penicillin) (50 

mg/kg IM or IV) 

4x daily for 2 

days 

Beta-lactam 

antibiotic 

Inhibition of penicillin 

binding proteins 

Disrupts 

transpeptidation 

TEM-1, SHV-1, OXA-1, NmcA, 

blaS, CMY-2, CTX-M, PDC-3 

(Alternate resistant 

beta-lactamases) 

Mex–, ArcAB 

Found on Inc1 plasmid R46 

(efflux pump) 

Amoxicillin (15 

mg/kg orally) 

or 

Ampicillin (25 

mg/kg orally) 

3x daily for 5 

days 

Beta-lactam 

antibiotic 

Inhibition of penicillin 

binding proteins 

Disrupts 

transpeptidation 

TEM-1,TEM-30, OXA-1, OXA-2, 

blaF, ACI-1, SCO-1 

Gentamicin (7.5 

mg/kg IM or IV) 

1x daily for 7 

days Aminoglycoside 

antibiotic 

Binds to the 30s 

subunit 

Disrupts translation 

AAC(3)-I 

(aminoglycoside acyl 

transferase) 

Found on plasmid pWP14a, 

pWP113a, R1033 (acyl 

transferase) 

Complicated SAM - 

No recovery post 

48 hours 

Chloramphenicol 

(25 mg/kg IM or 

IV) 

3x daily for 5 

days 

Peptidyl 

transferase 

inhibitor 

Binds to the 50s 

subunit 

Disrupts translation 

cml 

(exporter protein) 

cat 

(Chloramphenicol 

acyltransferase) 

Found on plasmid R26 

(exporter), 

R387(acyltransferase) 

Complicated SAM 

– Second- line 

antibiotics 

Ceftriaxone (50-75 

mg/kg/day) 

Daily until 

resolution 

effect 

Beta-lactam 

antibiotic 

Inhibits peptidoglycan 

synthesis. 

MexAB-OprM (antibiotic efflux) 

SHV-12, CTX-M, blaS1, CMY-2, 

PDC-3&5 

(alternative beta lactamases) 

Complicated SAM 

– Second- line 

antibiotics 

Cefotaxime 

(100-150 

mg/kg/day) 

Daily until 

resolution 

effect 

Beta-lactam 

antibiotic 

Inhibits peptidoglycan 

synthesis. 

Cme-ABC, abcA, (antibiotic 

efflux) 

Omp-1(porin), 

CAM-1, ACI-1, CMY-136, sco-1 

(Alternative beta-lactamases) 

Complicated SAM 

– Second- line 

antibiotics 

Cloxacillin (dosage 

not specified) 

Daily until 

resolution 

effect 

Beta-lactam 

antibiotic 

Inhibits peptidoglycan 

synthesis. 

MdtEF-TolC (antibiotic efflux) 

Intestinal repair/ 

giardiasis 

Metronidazole (7.5 

mg/kg) 

3x daily for 7 

days 

Nucleic acid 

synthesis 

inhibitor 

Nitroso radical 

formation 

Disrupts DNA under 

reduced conditions 

msbA, hp1181, hp1184 

Parasitic worms Mebendazole (100 

mg orally) 

2x daily for 3 

days 

Microtubules 

inhibitor 

Inhibits synthesis of 

microtubules via 

binding to ß-tubulin 

Tubulin gene mutations: 

Altered tubulin structures 

Tuberculosis ( ∼20% 

of SAM cases) 

Isoniazid 

Rifampicin 

Pyrazinamide 

(unknown action) 

Streptomycin 

Ethambutol 

Depending on 

availability and 

extent of use 

Monoamine 

oxidase 

inhibitor 

RNA 

polymerase 

inhibitor 

30s ribosomal 

binding 

Arabinosyl 

transferase 

inhibitor 

Mycobacterial cell wall 

inhibition 

APH(3’) 

(aminoglycoside 

phosphotransferase) 

Found on plasmid RP4 

(aminoglycoside 

phosphotranferase) 

HIV exposed 

uninfected and 

infected 

Cotrimoxazole 

(100-200 mg) 

HEU: Daily 

until proven 

HIV negative 

HIV + : 

Daily lifelong 

Diaminopyrimidine 

antibiotic 

+ 

Sulfonamide 

antibiotic 

Dihydrofolate 

reductase inhibition 

+ 

Dihydropteroate 

synthase inhibition 

Disrupts folic acid 

synthesis; integral part 

of nucleotide and 

amino acid 

biosynthesis pathways 

dfra, sul, folP 

(Alternate resistant protein) 

Lmrs, Mex–, AdeIJK, OqxAB 

(Efflux pumps) 

Found on Inc1 plasmid R46 

(efflux pump) 

& 

Plasmid pAZ1, pLMO229 

(dihydrofolate reductase gene) 

3
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luding cotrimoxazole, and children with lower respiratory tract 

nfections are often investigated for TB, or treated presumptively 

or TB with combination anti-TB therapy. 

Impact: Antibiotic therapy has become an essential part of man- 

gement of uncomplicated and complicated SAM [ 22 , 23 ]. A ran- 

omised clinical trial in Malawi showed significant improvement 

n recovery, weight and mortality with antibiotic treatment regi- 

ens in children with uncomplicated SAM (survival relative risk 

RR] = 1.55 for amoxicillin and RR = 1.8 for cefdinir vs. placebo) 

23] . Another study that evaluated uncomplicated SAM nutritional 

ecovery in Niger showed a 14% reduction in re-hospitalisation due 

o antibiotic treatment, with improvement in early weight gains; 

owever, there were no effects on nutritional recovery or mor- 

ality in this study [24] . Both studies showed benefits in early 

eight gain. Although the study from Niger challenged the WHO 

ecommendation on using antibiotics in uncomplicated SAM, a 

eta-analysis of both these trials showed that, overall, the use 

f amoxicillin is beneficial in children with uncomplicated SAM 

25] . There are no specific trials evaluating the efficacy of the 

urrent WHO-recommended antibiotics for children with compli- 

ated SAM. Observational studies have provided evidence of ben- 

fit when using ampicillin and gentamicin in children with com- 

licated SAM [21] . However, a randomised trial that evaluated 

he efficacy of cotrimoxazole in reducing post-discharge mortal- 

ty of children with complicated SAM found that daily cotrimox- 

zole prophylaxis did not reduce mortality when administered for 

 months post-discharge in an in-patient setting in Kenya [26] . 

. Clinical guidelines and impact of antibiotic prophylaxis and 

reatment in human immunodeficiency virus infection 

Guidelines: For infants exposed to HIV in utero , the WHO recom- 

ends long-term cotrimoxazole prophylaxis starting 4 to 6 weeks 

fter birth until the child is proven HIV-negative by molecular test- 

ng at least 6-weeks’ after the cessation of breastfeeding. For in- 

ants, children and adolescents who are confirmed as living with 

IV infection, cotrimoxazole prophylaxis is continued or initiated 

egardless of clinical status [ 27 , 28 ]. In settings of malaria and high

revalence of severe bacterial infection, cotrimoxazole, in com- 

ination with ART, is recommended to be continued into adult- 

ood [28] . Co-occurring acute respiratory infections, pneumonia, 

B, malaria and bacterial diarrhoea are managed with a diverse 

ange of antibiotics, often through syndromic management because 

f a lack of diagnostic facilities. 

Impact: The WHO guidelines (2021 update) recommend the dis- 

ontinuation of cotrimoxazole prophylaxis for HIV-infected chil- 

ren once they reach 5 years of age, provided they have no symp- 

omatic disease and have good ART adherence [28] . However, a 

andomised clinical trial in children and adolescents from Uganda 

nd Zimbabwe showed a decrease in hospitalisation and incidence 

f malaria and other infections in those who continued prophylaxis 

espite good CD4 count recovery after 2 years of ART [14] . Based 

n these results, lifelong cotrimoxazole prophylaxis is now rec- 

mmended in children with HIV infection. Cotrimoxazole prophy- 

axis for HIV-exposed but uninfected children is currently recom- 

ended; however, two trials in Botswana and South Africa showed 

o benefit of cotrimoxazole prophylaxis in this group [ 29 , 30 ], and

he benefits of universal cotrimoxazole have been cautiously ques- 

ioned [31] . 

. Rationale of antibiotic usage in human immunodeficiency 

irus and severe acute malnutrition 

Antibiotics play an integral role in decreasing disease burden 

nd enhancing recovery in children with both SAM and HIV. Vari- 

us studies have reported the clinical advantages of antibiotic use 
4

n SAM and HIV, but their effects on growth are mostly postu- 

ated. Antibiotics have a definite role in modulating the composi- 

ion and function of the intestinal microbiome. Molecular genomics 

nd metagenomics have increased our understanding of the major 

ole that the gut microbiome plays in the onset, management and 

ecovery from an undernourished or diseased state [ 32 , 33 ]. Nutri- 

ional recovery could be due to the altered or reduced pathogenic 

acterial burden of the gut microbiota and resolution of any clini- 

al or subclinical infections present [34] . The gut microbiome also 

erves as an important reservoir for enteropathogens and associ- 

ted resistomes that are implicated in adverse clinical outcomes 

32] . The incidence of aerotolerant pathogens, such as proteobac- 

eria, and depletion of anaerobes in the gut has been shown to be 

resent in some cases of complicated oedematous SAM [35] . An- 

ibiotics may also aid in recovery by decreasing the burden of en- 

eropathogens and other pathogens causing active infection. There 

s also a potential for antibiotic-dependent immunomodulation: 

ertain macrolide antibiotics and cotrimoxazole have been shown 

o exhibit anti-inflammatory effects in the host [36] . This may 

e driven by direct immunomodulation whereby the antibiotic 

educes pro-inflammatory cytokine production, alters neutrophil 

ecruitment and enhances dendritic cell function [ 36 , 37 ]. Tetra- 

ycline and fluoroquinolone antibiotics inhibit inflammatory sig- 

alling pathways and promote downregulation of inflammatory cy- 

okines, such as IL-1 and TNF- α [ 38 , 39 ]. These immunomodulatory 

ffects and positive clinical outcomes indicate possible alternative 

echanisms of action of certain antibiotics in reducing morbidity 

nd mortality in children living with SAM and HIV. However, the 

ffects of broad-spectrum antibiotics in SAM recovery or HIV have 

ot been extensively studied and the use of these drugs could neg- 

tively interfere with gut microbial and nutritional recovery. 

Undernutrition causes immune dysregulation [40] ; furthermore, 

here may be a two-way interplay between immune dysfunc- 

ion and the onset of undernutrition. The co-occurrence of HIV 

nfection and SAM worsens outcomes for children through im- 

unomodulation, enteropathy, diarrhoea, malabsorption and in- 

reased metabolic demand [41] . Whether antibiotic exposure, the 

ynamics of ARG carriage, or their influence on microbiome com- 

osition have any direct modulatory effects on the immune sys- 

em and downstream effects on child health outcomes is not 

ell understood [40] . Defining the functional use of antibiotics, 

hether for use as antibiotics, immunomodulators or microbiome- 

odulators, would be helpful for prioritising and dosing these 

rugs. Regardless of the potential for non-antibacterial functions 

f antibiotics, increasing resistance to conventional antibiotics is 

uickly rendering the antimicrobial function obsolete, thus forcing 

he use of last-resort antibiotics. 

. The impact of antibiotic resistance in severe acute 

alnutrition and human immunodeficiency virus 

.1. Mechanisms of resistance 

Antibiotic usage in patients with SAM and HIV increases 

he risk of antibiotic resistance, thereby threatening the suc- 

essful treatment of subsequent infections. Resistance to com- 

only used antibiotics is through substrate modification, active 

ite modification, competitive inhibition, and efflux of antibi- 

tic compounds. These modifications are stabilised genetically in 

esistance-encoding genes and are sometimes shared in an in- 

racellular (between plasmid and chromosome or transconjuga- 

ion), intra- and cross-species manner via transposons, integrons 

nd plasmids [ 42 , 43 ], which are collectively termed mobile ge- 

etic elements (MGEs). MGEs are an important marker in the 

pread of resistance, as they are assembled with multiple resis- 

ance genes and co-selected under antibiotic pressure, leading to 
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road community-level acquisition of multidrug resistance. A study 

n Central Africa showed that up to 57% of healthy children are car- 

iers of extended-spectrum beta-lactamase-producing Enterobac- 

eriaceae with isolated MGEs showing transconjugation capabil- 

ty [44] . Large plasmids carrying multidrug resistance genes and 

ransfer machinery were also isolated from children in sub-Saharan 

frica and South Asia [ 45 , 46 ]. A multicentre study in Asia and

frica showed that MGEs recovered from these countries do not 

ppear to have species or strain specificity; rather, they are sta- 

ly carried by organisms within a geographical region through se- 

ection corresponding to the levels of antibiotic usage in the area 

46] . This is evidence for the possible horizontal transfer of MGEs 

riven by the current prescription practices and antibiotic prophy- 

axis interventions in regions with a high burden of HIV-infection 

nd complicated SAM. 

ARG carriage is ubiquitous among populations living in HIV and 

AM endemic regions [22] . However, most resistance data are de- 

ived from samples taken during a hospital visit or from clinically 

elevant bacterial species implicated in infection-related deaths 

17] . Children with HIV and SAM are major beneficiaries of antibi- 

tic interventions and carry the highest risk of resistant infections. 

nderstanding population-level resistance gene carriage may help 

redict the effectiveness of different antibiotics in a region. Com- 

ensal organisms can harbour a myriad of resistance genes, which 

ay help them survive antibiotic exposure, but resistant commen- 

als may also serve as a reservoir of ARGs for pathogenic organisms 

47] . Understanding the role of resistance genes in a healthy micro- 

iome is key to understanding the impact of ARGs during infection 

nd in poor outcomes in child health. 

.2. Antimicrobial resistance in severe acute malnutrition 

The acquisition dynamics of antibiotic resistance in both com- 

licated and uncomplicated SAM are integral to understanding 

he role of resistant infections in health outcomes for children. A 

tudy at a therapeutic feeding centre in Niger showed that there 

s high transmissibility of plasmid-based, extended-spectrum beta- 

actamase genes in children with SAM [48] , with many of these 

lasmids conferring resistance to one or more antibiotics in their 

ntibiotic class. The study also showed that most of the enterobac- 

eria recovered were resistant to amoxicillin and cotrimoxazole, 

0% were resistant to cefalotine and 20% were resistant to gentam- 

cin, with species-specific resistance observed across multiple sub- 

ects in the study [49] . Nine percent of the children died, mostly 

ue to sepsis, but the contribution of antibiotic resistance in this 

tudy is unknown due to the limited availability of microbiological 

ata [49] . The observed resistance phenotypes and genotypes are 

o antibiotics commonly used as early therapeutic interventions in 

AM. Targeted clinical investigations coupled with microbiological 

valuations delving into the pathobiology of infections are needed 

o discern the impact of antibiotic resistance in infection-related 

ortality. 

Bacteraemia on average affects 1 in 6 children with SAM, with 

 mortality rate of approximately 30%, and the co-occurrence of 

IV further increases mortality [50] . A study in Nigeria reported 

hat almost half of children with SAM were bacteraemic [51] . Most 

f the bacteria isolated from children with SAM and bacteraemia 

re resistant to first- and second-line antibiotics, as defined by the 

HO [ 52 , 53 ]. A study to evaluate routine amoxicillin for uncom- 

licated SAM in Niger found that a significant proportion of en- 

erobacteria recovered from gastroenteritis (35%), sepsis (66%) and 

acteriuria (81%) were resistant to amoxicillin [24] . Another cohort 

tudy tracking the mortality of children with SAM in Uganda found 

rganisms isolated from blood cultures resistant to ampicillin, gen- 

amicin and ceftriaxone [54] . Bacteraemia with a resistant organ- 

sm worsens the outcome for children with SAM. A cross-sectional 
5 
tudy of bacteraemia in children with SAM from Tanzania showed 

hat high levels of resistance to ampicillin, amoxicillin, gentamicin, 

ephalosporins and ciprofloxacin were implicated in higher mor- 

ality [55] . Another study in Nigeria in children with SAM revealed 

esistance to amoxicillin, cotrimoxazole, gentamicin and ceftriax- 

ne in children with bacteraemia [51] . Pre-existing resistance dur- 

ng bacteraemia is also a precursor for acquisition of novel resis- 

ance and recurring bacteraemia, due to the antibiotics used to 

reat primary infections and as prophylaxis [54] . Although there 

re few studies that focus on evaluating the impact of resistance 

n these populations, retrospective studies show that rising resis- 

ance to antibiotics is a concern [53] . 

.3. Antimicrobial resistance in human immunodeficiency virus 

Cotrimoxazole is the primary antibiotic used in HIV manage- 

ent. Despite high rates of resistance, cotrimoxazole prophylaxis 

ecreases hospitalisation and mortality rates in HIV and, therefore, 

as become the gold standard for antibiotic prophylaxis [ 14 , 56 , 57 ].

otrimoxazole has been shown to reduce neonatal mortality when 

dministered antenatally to HIV-infected mothers by reducing the 

ates of pre-term birth and chorioamnionitis [ 58 , 59 ]. However, 

aseline resistance to cotrimoxazole is a growing concern. Es- 

herichia coli and Klebsiella pneumoniae are common carriers of cot- 

imoxazole resistance, with 50-60% of recovered isolates exhibiting 

otrimoxazole non-susceptibility [ 60 , 61 ]. After initiation of cotri- 

oxazole prophylaxis, 80-100% of recovered isolates of E. coli and 

. pneumoniae are resistant to cotrimoxazole [ 60 , 61 ]. A culture- 

ased survey of a cohort of HIV-infected children in Ghana showed 

hat up to 60% of certain strains are resistant to cotrimoxazole 

nd a variety of beta-lactamases [62] . Another study showed an 

ncrease in cotrimoxazole resistance gene prevalence/carriage af- 

er initiation of prophylaxis in HIV-exposed uninfected children 

63] . Despite this extensive resistance to cotrimoxazole, there does 

ot seem to be a corresponding increase in resistance-dependent 

orbidity and mortality in children with HIV [ 14 , 56 , 57 ]. More tar-

eted investigations are necessary to stratify the effect of resis- 

ance on mortality and morbidity in these populations. The actual 

ntibiotic or antibacterial function of cotrimoxazole may be less 

mportant in HIV prophylaxis, as highlighted by the non-specific 

nd immunomodulatory effects of cotrimoxazole observed in the 

nti-Retroviral Research for Watoto (ARROW) trial [36] . Cessation 

f cotrimoxazole prophylaxis in HIV-infected children in the AR- 

OW trial also did not reduce cotrimoxazole resistance or alter the 

verall resistance gene diversity in the microbiota of ARROW par- 

icipants [64] . This result is reassuring and supports the contin- 

ed use of cotrimoxazole in HIV-infected children. However, cot- 

imoxazole plays a major role as an antibiotic against malaria, 

neumocystis jirovecii and Toxoplasma gondii in HIV-infected chil- 

ren and pregnant women, reducing disease incidence and hos- 

italisation [65–68] . The spread of resistance to these organisms 

ay be detrimental in the post-infection recovery of an immuno- 

ompromised child. A study to evaluate the nasopharyngeal car- 

iage of respiratory infection-causing resistant Streptococcus pneu- 

oniae and Hemophilus influenzae in HIV-infected children in Zam- 

ia showed significant increases in phenotypic cotrimoxazole re- 

istance in these two organisms compared with the control group, 

endering the antibacterial ineffective [69] . Although the direct im- 

unomodulatory effects of cotrimoxazole might be effective in the 

resence of resistance, the growing resistance against this antibi- 

tic will become a health concern in situations requiring an an- 

ibacterial. A non-inferiority trial in South Africa to evaluate cotri- 

oxazole prophylaxis in HIV-exposed, uninfected children showed 

o difference in relative risk of mortality between continuing and 

topping prophylaxis [29] . As HIV-exposed, uninfected infants com- 

rise a significant proportion of the population receiving cotrimox- 
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zole prophylaxis, the efficacy and need for prophylaxis should be 

e-evaluated to better inform health policy. 

Studies focused on estimating the clinical impact of antibiotic- 

elated resistance are needed to better direct healthcare policies 

round antibiotic usage. Indeed, further research on the interaction 

etween resistance and other antibiotics used as prophylaxis and 

reatment of HIV and SAM is warranted in the wake of growing 

ntibiotic resistance in LMICs. Antibiotics are currently necessary 

o prevent morbidity and mortality in these high-risk groups. How- 

ver, current understanding of the impact of resistance on clinical 

utcomes in these populations is poor. New trials that evaluate and 

ink antibiotic use and microbiome ARG carriage to resistant infec- 

ions and clinical outcomes in children with SAM and HIV in LMICs 

re essential. The studies that report bacterial resistance in chil- 

ren with SAM and/or HIV infection or exposure are summarised 

n Table 2 . Thirty-six percent of the studies reported that antibi- 

tic resistance plays a role in mortality and all included studies 

eported non-susceptibility of disease-causing organisms to one or 

ore of beta-lactams, macrolides, cephalosporins and cotrimoxa- 

ole ( Table 2 ). 

. Discussion and Future directions 

SAM and HIV in children in LMICs are an immense healthcare 

oncern. A meta-analysis showed that during an infection, children 

ith SAM have double the likelihood of death, whereas SAM in 

he presence of HIV infection triples the risk of death [ 15 , 16 , 70 ].

he presence of an antibiotic-resistant bacteraemia increases the 

ortality rate by five-fold [71] . Children with SAM-HIV and bac- 

eraemia caused by a multidrug-resistant organism have up to a 

hirty-fold higher likelihood of mortality. This stresses the imme- 

iate need to understand the ecological dynamics of antibiotic re- 

istance in response to antibiotic usage, particularly in non-critical 

sage settings. As LMICs have one of the highest concentrations of 

ntibiotic resistance in the world, the evaluation of ARGs dynamics 

nd the impact of current antibiotic usage practices at the popula- 

ion level are needed. Although prophylactic, broad-spectrum an- 

ibiotics may reduce infections and improve growth in the near 

erm, continued widespread and long-term antibiotic use may im- 

act future population health and more granular evidence is ur- 

ently needed to inform health policy. 

In addition to the emergence of AROs and ARGs in direct re- 

ponse to antibiotic usage in healthcare, particularly unnecessary 

ntibiotic prescriptions for viral illnesses, AROs and ARGs can also 

e disseminated through food and the environment. For example, 

igh levels of sulfonamides, tetracyclines, extended-spectrum beta- 

actamases and plasmid-encoded quinolone and methicillin resis- 

ance have been detected in food animals [72] and in soil microbes 

n agricultural areas of Asia and Africa [73–76] . Domestic livestock 

lay an important economic role in the livelihoods of people in 

ural areas of LMICs, and children in these areas have intensive ex- 

osure to farm animals [72] . All livestock are administered antibi- 

tics for health maintenance and sometimes as growth enhance- 

ents, with poultry receiving the highest amount of antibiotic per 

g biomass [77] . The continued use of antibiotics as growth en- 

ancers in farm animals and agriculture is a major contributor to 

RGs and AROs exposure in children. 

So far, attention has naturally focused on decreasing the 

nfection-related morbidity and mortality in patients with SAM 

nd HIV using prophylactic and therapeutic antibiotics. However, 

ore granular recommendations for antibiotic management prac- 

ices can be made in groups such as children with uncompli- 

ated SAM and in those who are uninfected despite HIV expo- 

ure. The evidence for the use of antibiotics in children with un- 

omplicated SAM is unclear as these children do not appear ill, 

ut may carry the risk of less clinically overt infections. The ef- 
6 
ect of antibiotics on recovery from uncomplicated SAM in the 

tudies in Malawi [23] and Niger [24] were contradictory. The use 

f antibiotics in conjunction with ready-to-use therapeutic food 

ignificantly reduced mortality in children with SAM in Malawi 

23] , but not in Niger [24] . Regular, low-dose, broad-spectrum an- 

ibiotics also enhance growth in children living in SAM endemic 

egions [ 25 , 32 , 78 , 79 ], thus possibly having non-specific desirable

utcomes. Current WHO recommendations state that any child di- 

gnosed with SAM should be started on antibiotic treatment for 

p to 10 days [ 80 , 81 ]. Specific recommendations for antibiotic use 

n uncomplicated SAM require more evidence. In HIV-exposed un- 

nfected infants receiving cotrimoxazole prophylaxis, there was no 

urvival benefit in studies from South Africa [29] and Botswana 

30] . The need for antibiotic use in these populations could be re- 

valuated. 

Baseline resistance to many commonly used antibiotics is al- 

eady high in LMICs. Although the WHO has prioritised antibi- 

tic resistance as a global health threat, only 25% of African coun- 

ries have any national action plan in place for resistance man- 

gement [82] . Despite recent antibiotic stewardship efforts, antibi- 

tic use is rising in healthcare and agriculture [ 72 , 83–86 ], leading

o widespread amplification of ARG carriage. Most antibiotics im- 

orted into sub-Saharan Africa are for food animals, with an av- 

rage of 36.28 ±10.11 tonnes per year, comprising antibiotics im- 

licated in resistant infections in humans, such as beta-lactams, 

acrolides, sulfonamides, quinolones and tetracyclines [ 77 , 87 ]. 

igher rates of resistance in organisms that cause the most com- 

on infections globally, such as pneumonia and urinary tract in- 

ections, are rendering conventionally used antibiotic regimens less 

ffective, with the class and generation of antibiotics prescribed 

hifting in response to the growing rates of resistance. The impact 

f antibiotic usage in healthcare on the development, selection and 

mplification of antibiotic resistance needs more attention. The 

ossibility of alternative antibiotics as first-line regimens and local 

aseline-resistance-dependent prescription practises could be eval- 

ated. Novel antibiotic discovery has slowed, with few new and 

ffective antimicrobial agents on the horizon. This is projected to 

esult in global annual antibiotic resistance-related healthcare costs 

f ∼100 trillion USD per year by 2050, with the majority of direct 

uman costs borne by people living in LMICs [88] . The opportu- 

ity cost of not understanding the role of antibiotic resistance in 

hildren with SAM and HIV is high, particularly when antibiotics 

re essential in this high-risk population. However, until alternative 

ntimicrobial therapies are available to prevent illness and death in 

hildren with SAM or those exposed to HIV, there are few alterna- 

ives to widespread antimicrobial treatment and prophylaxis. 

The increasing rates of SAM in children under the age of 6 

onths and the increasing population of HIV-exposed, uninfected 

hildren [89] will contribute to an increased need for antibiotics. 

he continued use of antibiotics for SAM and HIV may influ- 

nce resistance rates, compromise future antibiotic effectiveness in 

hese populations, and lead to a myriad of long-term health impli- 

ations into adulthood via microbiome dysbiosis-induced patholo- 

ies, such as allergies and autoimmune diseases [90] . However, 

he direct link between antibiotic use in SAM and HIV and the 

rowing selection of disease-causing ARGs and AROs requires care- 

ul study in these vulnerable patient populations. The effect on 

esistance is already being observed in general nosocomial infec- 

ions in sub-Saharan Africa and South Asia, where third-generation 

ephalosporins are ineffective, and there are increasing rates of 

acteraemia due to organisms resistant to first- and second-line 

ntibiotics [46] . In addition, the accessibility of antibiotics as over- 

he-counter drugs, where up to 70% of antibiotic dispensing occurs 

ithout a prescription [91] , infectious comorbidities, and strained 

ntimicrobial resistance surveillance systems contribute to the un- 

egulated antibiotic use and extensive communal spread and per- 
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Table 2 

Studies reporting antibiotic resistance in SAM and/or HIV with respect to antibiotic prophylaxis in children. 

Literature/ 

studies Study type Country n 

SAM (per- 

centage) 

HIV 

positive 

(percent- 

age) 

Mortality 

(percent- 

age) 

Primary 

co-morbidity Antibiotics used Resistance observed to 

Resistance 

in mortality 

Rabasa, 

2002 [99] 

Prospective Nigeria 194 100 NR NR UTI ∗∗∗ Excluded ∗∗ Cotrimoxazole, 

Nitrofuratonin 

NR 

Noorani, 

2005 [100] 

Cross-sectional survey Kenya 91 100 43 NR Bacteraemia NR ∗ Ampicillin, Chloramphenicol, 

Ciprofloxacin, 

Cotrimoxazole, Erythromycin, 

Oxacillin 

NR 

Babirekere- 

Iriso, 2006 

[101] 

Cross-sectional Uganda 134 100 44 20.1 Bacteraemia Chloramphenicol, 

Cotrimoxazole, 

Amoxicillin 

Ampicillin, Chloramphenicol, 

Ciprofloxacin, Cotrimoxazole, Gentamicin 

yes 

Bachou, 

2006 [50] 

Prospective Uganda 450 100 36.7 23.7 Bacteraemia NR Ampicillin, Chloramphenicol, Ceftaxidime, 

Ceftriaxone, 

Cefuroxime, 

Ciprofloxacin, 

Cotrimoxazole, 

Gentamicin 

yes 

Abrha, 

2011 [102] 

Cross-sectional study Ethiopia 170 100 NR 7.1 Bacteraemia Excluded ∗∗ Amoxicillin, 

Ceftriaxone, Chloramphenicol, 

Ciprofloxacin, Cotrimoxazole, Gentamicin 

yes 

Okomo, 

2011 [103] 

Prospective Gambia 140 100 28.7 5.7 Bacteraemia, 

UTI ∗∗∗ , 

Respiratory 

infections 

NR Ampicillin, 

Ceftriaxone, Chloramphenicol, 

Cotrimoxazole 

NR 

Chisti, 

2015 [104] 

Prospective Bangladesh 407 100 NR 8.5 Pneumonia, 

Bacteraemia 

Ampicillin, 

Gentamicin 

Ceftriaxone, 

Ciprofloxacin 

NR 

Ahmed, 

2017 [55] 

Prospective Tanzania 402 44.3 NR 17.4 Bacteraemia Cotrimoxazole, 

Cephalosporins 

Amoxicillin, 

Ampicillin, 

Ceftazidime, 

Ceftriaxone, Ciprofloxacin, 

Gentamicin, 

Meropenem, 

Oxacillin 

yes 

Idris, 2018 

[51] 

Cross-sectional Nigeria 90 100 Excluded ∗∗ NR Bacteraemia Excluded ∗∗ Amoxicillin, 

Ceftriaxone, Ciprofloxacin, 

Cotrimoxazole, Gentamicin 

NR 

Yona, 2020 

[52] 

Cross-sectional Tanzania 232 100 34.9 NR Bacteraemia NR Amoxicillin, 

Ceftriaxone, Chloramphenicol, 

Ciprofloxacin, 

Gentamicin, 

Penicillin 

NR 

Nalwanga, 

2020 [54] 

Cohort study Uganda 260 100 12.2 25.2 Bacteraemia NR Ampicillin, 

Ceftriaxone, 

Gentamicin 

NR 

∗NR – Not reported. 
∗∗Excluded – Children with recent or current antibiotic use were excluded from the study/Children with HIV were excluded from the study 
∗∗∗ UTI – Urinary Tract Infection 

7
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istence of ARGs. Measurement of antibiotic resistance dynamics in 

esponse to therapeutic and prophylactic antibiotic use is critical 

n the management of antibiotic regimens for SAM, HIV and other 

omorbidities. The Mortality Reduction after Oral Azithromycin 

MORDOR) trial evaluated mass administration of azithromycin 

o pre-school children and included gut microbiome measure- 

ents and antibiotic resistance surveillance assessments [ 92 , 93 ]. 

his level of surveillance coupled with research will inform tar- 

eted health policy and stewardship to preserve antibiotic effec- 

iveness in regions with high levels of resistance. In addition, al- 

ernative, non-antibiotic, therapies that retain desirable antibiotic 

unctions, such as improved child growth and immunomodulation, 

hould be evaluated. For example, the use of pre-, syn-, and pro- 

iotics have been shown to decrease diarrhoeal episodes in under- 

ourished and SAM children [94–96] . Another example is the use 

f mesalazine to treat enteric dysfunction in children with SAM, 

hich showed immunomodulatory effects, including the down- 

egulation of inflammatory markers and increases in growth hor- 

ones [97] . 

. Conclusion 

The role of antibiotic resistance in adverse clinical outcomes is 

ell understood. However, the important role of antibiotics in the 

eduction of HIV and SAM-related morbidity and mortality in early 

ife is undeniable. Antibiotic prophylaxis has become the recom- 

ended approach to combat morbidity and mortality in patients 

ith SAM and HIV due to its ready availability, affordability and 

emonstrated improvements in health outcomes. However, grow- 

ng antibiotic resistance in response to the expanding use of an- 

ibiotics in agriculture and healthcare is an immediate concern that 

annot be ignored. It is particularly important in the case of SAM 

nd HIV, as they underlie a wide variety of infectious diseases that 

re concentrated in LMICs, and further increase the need for broad- 

pectrum antibiotic use. This review highlights the current need 

or antibiotics, shows where antibiotic therapies succeed in SAM 

nd HIV, and points to areas of inconsistency. Although antibiotic 

rophylaxis is currently saving the lives of children with SAM and 

IV, it is necessary to understand the long-term impact of these 

ntibiotics and the effects of the current management methods 

nd policies on antibiotic resistance and future child health. 

unding 

FF was funded through a Four-Year Doctoral Fellowship at the 

niversity of British Columbia. RR was funded through Sir Henry 

ellcome Postdoctoral Fellowship at Queen Mary University of 

ondon 

thics Approval 

No ethical approvals were required for this review. 

equence Information 

Not applicable 

uthor Contributions 

FF ideated and wrote the manuscript. RR contributed to 

deation, writing and discussion. MD provided expertise with most 

ecent guidelines for management of SAM and HIV. AP and AM 

uided the authors with the review topic organisation, research 

uestion and writing of the manuscript. All authors contributed to 

he editing of the manuscript. 
8

eclarations of Competing Interests 

No competing interests to declare. 

eferences 

[1] WHO. Malnutrition n.d. https://www.who.int/health-topics/ 
malnutrition#tab=tab _ 2 (accessed November 20, 2020). 

[2] Caulfield LE, de Onis M, Blössner M, Black RE. Undernutrition as an underly- 
ing cause of child deaths associated with diarrhea, pneumonia, malaria, and 

measles. Am J Clin Nutr 2004;80:193–8. doi: 10.1093/ajcn/80.1.193 . 
[3] Kelly P, Prendergast A. Enteropathies in the developing world: Neglected ef- 

fects on global health. Am J Trop Med Hyg 2012;86:756–63. doi: 10.4269/ 

ajtmh.2012.11-0743 . 
[4] Bhutta ZA, Berkley JA, Bandsma RHJ, Kerac M, Trehan I, Briend A. Severe 

childhood malnutrition. Nat Rev Dis Prim 2017;3:17067. doi: 10.1038/nrdp. 
2017.67 . 

[5] WHO. WHO: Weight-for-length/height Z-score n.d. https://www.who.int/ 
tools/child-growth-standards/standards/weight- for- length- height (accessed 

January 5, 2021). 

[6] UNICEF, WHO, World BankLevels and trends in child malnutrition: Key find- 
ings of the 2020 Edition of the Joint Child Malnutrition Estimates. Geneva 

WHO 2020;24:1–16 . 
[7] Lenters L, Wazny K, Bhutta ZA. Management of Severe and Moderate Acute 

Malnutrition in Children. Dis. Control Priorities, Third Ed. (Volume 2) Re- 
prod. Matern. Newborn, Child Heal. The World Bank 2016:205–23. doi: 10. 

1596/978- 1- 4648- 0348- 2 _ ch11 . 

[8] United Nations Children’s Fund (UNICEF), World Health Organization IB for R 
and DWB. Levels and trends in child malnutrition. 2021. 

[9] Jones KDJ, Berkley JA. Severe acute malnutrition and infection. Paediatr Int 
Child Health 2014;34:S1–29. doi: 10.1179/2046904714Z.0 0 0 0 0 0 0 0 0218 . 

[10] WHO. Pocket Book of Hospital Care for Children: Guidelines for the Manage- 
ment of Common Childhood Illnesses. 2013. 

[11] UNICEF. Children, HIV and AIDS Regional snapshot: Sub- 
Saharan Africa 2019. https://reliefweb.int/report/south-africa/ 

children- hiv- and- aids- regional- snapshot- sub- saharan- africa- december- 2019 

(accessed September 20, 2021). 
[12] UNICEF. Children, HIV and AIDS: Regional snapshot - East 

Asia and the Pacific 2018. https://reliefweb.int/report/indonesia/ 
children- hiv- and- aids- regional- snapshot- east- asia- and- pacific- december- 201

(accessed October 7, 2021). 
[13] Guidelines on co-trimoxazole prophylaxis for HIV-related infections among 

children, adolescents and adults : recommendations for a public health ap- 

proach. World Heal Organ Geneva 2006:68 . 
[14] Bwakura-Dangarembizi M, Kendall L, Bakeera-Kitaka S, Nahirya-Ntege P, Keis- 

hanyu R, Nathoo K, et al. A randomized trial of prolonged co-trimoxazole in 
HIV-infected children in Africa. N Engl J Med 2014;370:41–53. doi: 10.1056/ 

NEJMoa1214901 . 
[15] Bwakura-Dangarembizi M, Dumbura C, Amadi B, Ngosa D, Majo FD, 

Nathoo KJ, et al. Risk factors for postdischarge mortality following hospital- 

ization for severe acute malnutrition in Zimbabwe and Zambia. Am J Clin 
Nutr 2021;113:665–74. doi: 10.1093/ajcn/nqaa346 . 

[16] Gavhi F, Kuonza L, Musekiwa A, Motaze NV. Factors associated with mortality 
in children under five years old hospitalized for Severe Acute Malnutrition in 

Limpopo province, South Africa, 2014-2018: A cross-sectional analytic study. 
PLoS One 2020;15:e0232838. doi: 10.1371/journal.pone.0232838 . 

[17] Omulo S, Thumbi SM, Njenga MK, Call DR. A review of 40 years of enteric

antimicrobial resistance research in Eastern Africa: what can be done better? 
Antimicrob Resist Infect Control 2015;4:1. doi: 10.1186/s13756- 014- 0041- 4 . 

[18] Tadesse BT, Ashley EA, Ongarello S, Havumaki J, Wijegoonewardena M, 
González IJ, et al. Antimicrobial resistance in Africa: a systematic review. BMC 

Infect Dis 2017;17:616. doi: 10.1186/s12879-017- 2713- 1 . 
[19] Williams PCMM, Isaacs D, Berkley JA. Antimicrobial resistance among chil- 

dren in sub-Saharan Africa. Lancet Infect Dis 2018;18:e33–44. doi: 10.1016/ 

S1473- 3099(17)30467- X . 
[20] WHO. Guideline: Updates on the Management of Severe Acute Malnutrition 

in Infants and Children. 2013. 
[21] Williams PCM, Berkley PJA. Sever Acute Malnutrition Update: Current WHO 

Guidelines and the WHO Essential Medicine List for Children. Who 2016:1–
40. 

[22] Ramblière L, Guillemot D, Delarocque-Astagneau E, Huynh B-T. Impact of 

mass and systematic antibiotic administration on antibiotic resistance in low- 
and middle-income countries. A systematic review. Int J Antimicrob Agents 

2021;58:106364. doi: 10.1016/j.ijantimicag.2021.106364 . 
[23] Trehan I, Goldbach HS, LaGrone LN, Meuli GJ, Wang RJ, Maleta KM, et al. An-

tibiotics as part of the management of severe acute malnutrition. Malawi Med 
J 2016;28:123–30. doi: 10.1016/0 021-9290(87)90 036-4 . 

[24] Isanaka S, Langendorf C, Berthé F, Gnegne S, Li N, Ousmane N, et al. Routine 
amoxicillin for uncomplicated severe acute malnutrition in children. N Engl J 

Med 2016;374:4 4 4–53. doi: 10.1056/NEJMoa1507024 . 

[25] Million M, Lagier J-C, Raoult D. Meta-analysis on efficacy of amoxicillin 
in uncomplicated severe acute malnutrition. Microb Pathog 2017;106:76–7. 

doi: 10.1016/j.micpath.2016.06.025 . 
[26] Berkley JA, Ngari M, Thitiri J, Mwalekwa L, Timbwa M, Hamid F, et al. 

Daily co-trimoxazole prophylaxis to prevent mortality in children with 

https://www.who.int/health-topics/malnutrition#tab=tab_2
https://doi.org/10.1093/ajcn/80.1.193
https://doi.org/10.4269/ajtmh.2012.11-0743
https://doi.org/10.1038/nrdp.2017.67
https://www.who.int/tools/child-growth-standards/standards/weight-for-length-height
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0006
https://doi.org/10.1596/978-1-4648-0348-2_ch11
https://doi.org/10.1179/2046904714Z.000000000218
https://reliefweb.int/report/south-africa/children-hiv-and-aids-regional-snapshot-sub-saharan-africa-december-2019
https://reliefweb.int/report/indonesia/children-hiv-and-aids-regional-snapshot-east-asia-and-pacific-december-2018
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0013
https://doi.org/10.1056/NEJMoa1214901
https://doi.org/10.1093/ajcn/nqaa346
https://doi.org/10.1371/journal.pone.0232838
https://doi.org/10.1186/s13756-014-0041-4
https://doi.org/10.1186/s12879-017-2713-1
https://doi.org/10.1016/S1473-3099(17)30467-X
https://doi.org/10.1016/j.ijantimicag.2021.106364
https://doi.org/10.1016/0021-9290(87)90036-4
https://doi.org/10.1056/NEJMoa1507024
https://doi.org/10.1016/j.micpath.2016.06.025


F. Francis, R.C. Robertson, M. Bwakura-Dangarembizi et al. International Journal of Antimicrobial Agents 61 (2023) 106690 

 

 

 

 

 

 

 

 

 

 

 

complicated severe acute malnutrition: a multicentre, double-blind, ran- 
domised placebo-controlled trial. Lancet Glob Heal 2016;4:e464–73. doi: 10. 

1016/S2214-109X(16)30096-1 . 
[27] WHO. Co-trimoxazole prophylaxis for HIV-exposed and HIV-infected infants 

and children - Practical approaches to implementation and scale up. 2009. 
[28] WHO. Consolidated guidelines on HIV prevention, testing, treatment, ser- 

vice delivery and monitoring: recommendations for a public health approach. 
2021. 

[29] Daniels B, Coutsoudis A, Moodley-Govender E, Mulol H, Spooner E, Kiepiela P, 

et al. Effect of co-trimoxazole prophylaxis on morbidity and mortality of 
HIV-exposed, HIV-uninfected infants in South Africa: a randomised con- 

trolled, non-inferiority trial. Lancet Glob Heal 2019;7:e1717–27. doi: 10.1016/ 
S2214- 109X(19)30422- X . 

[30] Lockman S, Hughes M, Powis K, Ajibola G, Bennett K, Moyo S, et al. Effect
of co-trimoxazole on mortality in HIV-exposed but uninfected children in 

Botswana (the Mpepu Study): a double-blind, randomised, placebo-controlled 

trial. Lancet Glob Heal 2017;5:e491–500. doi: 10.1016/S2214-109X(17)30143-2 . 
[31] Coutsoudis A, Coovadia H, Kindra G. Time for new recommendations on cot- 

rimoxazole prophylaxis for HIV-exposed infants in developing countries. Bull 
World Health Organ 2010;88:949–50. doi: 10.2471/BLT.10.076422 . 

[32] Langdon A, Crook N, Dantas G. The effects of antibiotics on the microbiome 
throughout development and alternative approaches for therapeutic modula- 

tion. Genome Med 2016;8:39. doi: 10.1186/s13073- 016- 0294- z . 

[33] Gough EK, Edens TJ, Geum HM, Baharmand I, Gill SK, Robertson RC, et al. 
Maternal fecal microbiome predicts gestational age, birth weight and neona- 

tal growth in rural Zimbabwe. EBioMedicine 2021;68:103421. doi: 10.1016/j. 
ebiom.2021.103421 . 

[34] Subramanian S, Huq S, Yatsunenko T, Haque R, Mahfuz M, Alam MA, et al. 
Persistent gut microbiota immaturity in malnourished Bangladeshi children. 

Nature 2014;510:417–21. doi: 10.1038/nature13421 . 

[35] Pham TPT, Alou MT, Golden MH, Million M, Raoult D. Difference between 
kwashiorkor and marasmus: Comparative meta-analysis of pathogenic char- 

acteristics and implications for treatment. Microb Pathog 2021;150:104702. 
doi: 10.1016/j.micpath.2020.104702 . 

[36] Bourke CD, Gough EK, Pimundu G, Shonhai A, Berejena C, Terry L, et al. Cot-
rimoxazole reduces systemic inflammation in HIV infection by altering the 

gut microbiome and immune activation. Sci Transl Med 2019;11:eaav0537. 

doi: 10.1126/scitranslmed.aav0537 . 
[37] Bode C, Diedrich B, Muenster S, Hentschel V, Weisheit C, Rommelsheim K, 

et al. Antibiotics regulate the immune response in both presence and absence 
of lipopolysaccharide through modulation of Toll-like receptors, cytokine pro- 

duction and phagocytosis in vitro. Int Immunopharmacol 2014;18:27–34. 
doi: 10.1016/j.intimp.2013.10.025 . 

[38] Tauber SC, Nau R. Immunomodulatory properties of antibiotics. Curr Mol 

Pharmacol 2008;1:68–79 . 
[39] Ubagai T, Sato Y, Kamoshida G, Unno Y, Ono Y. Immunomodulatory gene 

expression analysis in LPS-stimulated human polymorphonuclear leukocytes 
treated with antibiotics commonly used for multidrug-resistant strains. Mol 

Immunol 2021;129:39–44. doi: 10.1016/j.molimm.2020.11.012 . 
[40] Bourke CD, Berkley JA, Prendergast AJ. Immune dysfunction as a cause and 

consequence of malnutrition. Trends Immunol 2016;37:386–98. doi: 10.1016/j. 
it.2016.04.003 . 

[41] Manary M, Trehan I, Willumsen J, Roberson HB. Systematic review of the care 

of HIV-infected children with severe acute malnutrition. WHO 2012. 
[42] Brisson-Noel A, Arthur M, Courvalin AP. Evidence for natural gene transfer 

from Gram-positive cocci to Escherichia coli 1988;170 . 
[43] Vrancianu CO, Popa LI, Bleotu C, Chifiriuc MC. Targeting plasmids to limit 

acquisition and transmission of antimicrobial resistance. Front Microbiol 
2020;11:761. doi: 10.3389/fmicb.2020.00761 . 

[44] Farra A, Frank T, Tondeur L, Bata P, Gody JC, Onambele M, et al. High rate

of faecal carriage of extended-spectrum β-lactamase-producing Enterobacte- 
riaceae in healthy children in Bangui, Central African Republic. Clin Microbiol 

Infect 2016;22:891 e1-891.e4. doi: 10.1016/j.cmi.2016.07.001 . 
[45] Monira S, Shabnam SA, Ali SI, Sadique A, Johura F-T, Rahman KZ, et al. Multi-

drug resistant pathogenic bacteria in the gut of young children in Bangladesh. 
Gut Pathog 2017;9:19. doi: 10.1186/s13099- 017- 0170- 4 . 

[46] Ingle DJ, Levine MM, Kotloff KL, Holt KE, Robins-Browne RM. Dynamics 

of antimicrobial resistance in intestinal Escherichia coli from children in 
community settings in South Asia and sub-Saharan Africa. Nat Microbiol 

2018;3:1063–73. doi: 10.1038/s41564- 018- 0217- 4 . 
[47] Marshall BM, Ochieng DJ, Levy SB. Commensals: Underappreciated reservoir 

of antibiotic resistance probing the role of commensals in propagating an- 
tibiotic resistance should help preserve the efficacy of these critical drugs. 

Microbe 2009;4:231–8 . 

[48] Woerther P-L, Angebault C, Jacquier H, Hugede H-C, Janssens A-C, Sayadi S, 
et al. Massive increase, spread, and exchange of extended spectrum - 

lactamase-encoding genes among intestinal Enterobacteriaceae in hospi- 
talized children with severe acute malnutrition in Niger. Clin Infect Dis 

2011;53:677–85. doi: 10.1093/cid/cir522 . 
[49] Page A-L, de Rekeneire N, Sayadi S, Aberrane S, Janssens A-C, Rieux C, et al.

Infections in children admitted with complicated severe acute malnutrition 

in Niger. PLoS One 2013;8:e68699. doi: 10.1371/journal.pone.0068699 . 
[50] Bachou H, Tylleskär T, Kaddu-Mulindwa DH, Tumwine JK. Bacteraemia among 

severely malnourished children infected and uninfected with the human im- 
munodeficiency virus-1 in Kampala, Uganda. BMC Infect Dis 2006;6:160. 

doi: 10.1186/1471- 2334- 6- 160 . 
9

[51] Idris U, Robinson W, Faruk J, Gwarzo G. Prevalence of bacteremia among 
febrile children with severe malnutrition in North Western Nigeria. Niger J 

Gen Pract 2018;16:25. doi: 10.4103/NJGP.NJGP _ 6 _ 17 . 
[52] Yona RH. Prevalence and predictors of bacteraemia among children with 

severe acute malnutrition admitted at Dodoma Regional Referral Hospital. 
Dodoma, Tanzania: The University of Dodoma; 2020 . 

[53] Williams PCM, Berkley JA. Guidelines for the treatment of severe acute mal- 
nutrition: a systematic review of the evidence for antimicrobial therapy. Pae- 

diatr Int Child Health 2018;38:S32–49. doi: 10.1080/20469047.2017.1409453 . 

[54] Nalwanga D, Musiime V, Kizito S, Kiggundu JB, Batte A, Musoke P, et al. Mor-
tality among children under five years admitted for routine care of severe 

acute malnutrition: a prospective cohort study from Kampala, Uganda. BMC 
Pediatr 2020;20:182. doi: 10.1186/s12887- 020- 02094- w . 

[55] Ahmed M, Mirambo MM, Mushi MF, Hokororo A, Mshana SE. Bacteremia 
caused by multidrug-resistant bacteria among hospitalized malnourished 

children in Mwanza, Tanzania: a cross sectional study. BMC Res Notes 

2017;10:62. doi: 10.1186/s13104- 017- 2389- z . 
[56] Mulenga V, Ford D, Walker AS, Mwenya D, Mwansa J, Sinyinza F, et al. 

Effect of cotrimoxazole on causes of death, hospital admissions and an- 
tibiotic use in HIV-infected children. AIDS 2007;21:77–84. doi: 10.1097/QAD. 

0b013e3280114ed7 . 
[57] Chintu C, Bhat G, Walker A, Mulenga V, Sinyinza F, Lishimpi K, et al. Co-

trimoxazole as prophylaxis against opportunistic infections in HIV-infected 

Zambian children (CHAP): a double-blind randomised placebo-controlled 
trial. Lancet 2004;364:1865–71. doi: 10.1016/S0140- 6736(04)17442- 4 . 

[58] Walter J, Mwiya M, Scott N, Kasonde P, Sinkala M, Kankasa C, et al. Reduction
in preterm delivery and neonatal mortality after the introduction of antena- 

tal cotrimoxazole prophylaxis among HIV-infected women with low CD4 cell 
counts. J Infect Dis 2006;194:1510–18. doi: 10.1086/508996 . 

[59] Heather Watts D, Mofenson LM. Cotrimoxazole prophylaxis in HIV-infected 

pregnant women: Only a first step. J Infect Dis 2006;194:1478–80. doi: 10. 
1086/508998 . 

[60] Powis KM, Souda S, Lockman S, Ajibola G, Bennett K, Leidner J, et al. Cotri-
moxazole prophylaxis was associated with enteric commensal bacterial resis- 

tance among HIV-exposed infants in a randomized controlled trial. Botswana. 
J Int AIDS Soc 2017;20:e25021. doi: 10.1002/jia2.25021 . 

[61] Marwa KJ, Mushi MF, Konje E, Alele PE, Kidola J, Mirambo MM. Resistance 

to cotrimoxazole and other antimicrobials among isolates from HIV/AIDS and 
non-HIV/AIDS patients at Bugando Medical Centre, Mwanza, Tanzania. AIDS 

Res Treat 2015;2015:1–8. doi: 10.1155/2015/103874 . 
[62] Sampane-Donkor E, Badoe EV, Annan JA, Nii-Trebi N. Colonisation of antibi- 

otic resistant bacteria in a cohort of HIV infected children in Ghana. Pan Afr 
Med J 2017;26:60. doi: 10.11604/pamj.2017.26.60.10981 . 

[63] D’Souza AW, Moodley-Govender E, Berla B, Kelkar T, Wang B, Sun X, 

et al. Cotrimoxazole prophylaxis increases resistance gene prevalence and α- 
diversity but decreases β-diversity in the gut microbiome of human immun- 

odeficiency virus–exposed, uninfected infants. Clin Infect Dis 2020;71:2858–
68. doi: 10.1093/cid/ciz1186 . 

[64] Francis F, Gough EK, Edens TJ, Berejena C, Bwakura-Dangarembizi M, Shon- 
hai A, et al. Cessation of long-term cotrimoxazole prophylaxis in HIV- 

infected children does not alter the carriage of antimicrobial resistance 
genes. JAIDS J Acquir Immune Defic Syndr 2020;85:601–5. doi: 10.1097/QAI. 

0 0 0 0 0 0 0 0 0 0 0 02489 . 

[65] Ford N, Shubber Z, Jao J, Abrams EJ, Frigati L, Mofenson L. Safety of cotri-
moxazole in pregnancy. JAIDS J Acquir Immune Defic Syndr 2014;66:512–21. 

doi: 10.1097/QAI.0 0 0 0 0 0 0 0 0 0 0 0 0211 . 
[66] González R, Desai M, Macete E, Ouma P, Kakolwa MA, Abdulla S, et al. In-

termittent preventive treatment of malaria in pregnancy with mefloquine in 
HIV-infected women receiving cotrimoxazole prophylaxis: A multicenter ran- 

domized placebo-controlled trial. PLoS Med 2014;11:e1001735. doi: 10.1371/ 

journal.pmed.1001735 . 
[67] Kapito-Tembo A, Meshnick SR, van Hensbroek MB, Phiri K, Fitzgerald M, 

Mwapasa V. Marked reduction in prevalence of malaria parasitemia and ane- 
mia in HIV-Infected Pregnant women taking cotrimoxazole with or without 

sulfadoxine-pyrimethamine intermittent preventive therapy during pregnancy 
in Malawi. J Infect Dis 2011;203:464–72. doi: 10.1093/infdis/jiq072 . 

[68] Manyando C, Njunju EM, D’Alessandro U, Van geertruyden J-P. Safety and ef- 

ficacy of co-trimoxazole for treatment and prevention of Plasmodium falci- 
parum malaria: A systematic review. PLoS One 2013;8:e56916. doi: 10.1371/ 

journal.pone.0056916 . 
[69] Mwenya DM, Charalambous BM, Phillips PPJ, Mwansa JCL, Batt SL, Nunn AJ, 

et al. Impact of cotrimoxazole on carriage and antibiotic resistance of Strep- 
tococcus pneumoniae and Haemophilus influenzae in HIV-infected children 

in Zambia. Antimicrob Agents Chemother 2010;54:3756–62. doi: 10.1128/AAC. 

01409-09 . 
[70] Karunaratne R, Sturgeon JP, Patel R, Prendergast AJ. Predictors of inpatient 

mortality among children hospitalized for severe acute malnutrition: a sys- 
tematic review and meta-analysis. Am J Clin Nutr 2020;112:1069–79. doi: 10. 

1093/ajcn/nqaa182 . 
[71] Alcoba G, Kerac M, Breysse S, Salpeteur C, Galetto-Lacour A, Briend A, et al. 

Do children with uncomplicated severe acute malnutrition need antibiotics? 

A systematic review and meta-analysis. PLoS One 2013;8:e53184. doi: 10.1371/ 
journal.pone.0053184 . 

[72] Van TTH, Yidana Z, Smooker PM, Coloe PJ. Antibiotic use in food animals 
worldwide, with a focus on Africa: Pluses and minuses. J Glob Antimicrob 

Resist 2020;20:170–7. doi: 10.1016/j.jgar.2019.07.031 . 

https://doi.org/10.1016/S2214-109X(16)30096-1
https://doi.org/10.1016/S2214-109X(19)30422-X
https://doi.org/10.1016/S2214-109X(17)30143-2
https://doi.org/10.2471/BLT.10.076422
https://doi.org/10.1186/s13073-016-0294-z
https://doi.org/10.1016/j.ebiom.2021.103421
https://doi.org/10.1038/nature13421
https://doi.org/10.1016/j.micpath.2020.104702
https://doi.org/10.1126/scitranslmed.aav0537
https://doi.org/10.1016/j.intimp.2013.10.025
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0038
https://doi.org/10.1016/j.molimm.2020.11.012
https://doi.org/10.1016/j.it.2016.04.003
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0042
https://doi.org/10.3389/fmicb.2020.00761
https://doi.org/10.1016/j.cmi.2016.07.001
https://doi.org/10.1186/s13099-017-0170-4
https://doi.org/10.1038/s41564-018-0217-4
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0047
https://doi.org/10.1093/cid/cir522
https://doi.org/10.1371/journal.pone.0068699
https://doi.org/10.1186/1471-2334-6-160
https://doi.org/10.4103/NJGP.NJGP_6_17
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0052
https://doi.org/10.1080/20469047.2017.1409453
https://doi.org/10.1186/s12887-020-02094-w
https://doi.org/10.1186/s13104-017-2389-z
https://doi.org/10.1097/QAD.0b013e3280114ed7
https://doi.org/10.1016/S0140-6736(04)17442-4
https://doi.org/10.1086/508996
https://doi.org/10.1086/508998
https://doi.org/10.1002/jia2.25021
https://doi.org/10.1155/2015/103874
https://doi.org/10.11604/pamj.2017.26.60.10981
https://doi.org/10.1093/cid/ciz1186
https://doi.org/10.1097/QAI.0000000000002489
https://doi.org/10.1097/QAI.0000000000000211
https://doi.org/10.1371/journal.pmed.1001735
https://doi.org/10.1093/infdis/jiq072
https://doi.org/10.1371/journal.pone.0056916
https://doi.org/10.1128/AAC.01409-09
https://doi.org/10.1093/ajcn/nqaa182
https://doi.org/10.1371/journal.pone.0053184
https://doi.org/10.1016/j.jgar.2019.07.031


F. Francis, R.C. Robertson, M. Bwakura-Dangarembizi et al. International Journal of Antimicrobial Agents 61 (2023) 106690 

 

 

 

[

[

[  

[

[73] Cerqueira F, Matamoros V, Bayona JM, Berendonk TU, Elsinga G, Hornstra LM, 
et al. Antibiotic resistance gene distribution in agricultural fields and crops. A 

soil-to-food analysis. Environ Res 2019;177:108608. doi: 10.1016/j.envres.2019. 
108608 . 

[74] Bougnom BP, Thiele-Bruhn S, Ricci V, Zongo C, Piddock LJV. Raw wastewater 
irrigation for urban agriculture in three African cities increases the abundance 

of transferable antibiotic resistance genes in soil, including those encoding 
extended spectrum β-lactamases (ESBLs). Sci Total Environ 2020;698:134201. 

doi: 10.1016/j.scitotenv.2019.134201 . 

[75] Bougnom BP, Thiele-Bruhn S, Ricci V, Zongo C, Piddock LJV. High-throughput 
sequencing data and antibiotic resistance mechanisms of soil microbial com- 

munities in non-irrigated and irrigated soils with raw sewage in African 
cities. Data Br 2019;27:104638. doi: 10.1016/j.dib.2019.104638 . 

[76] Thapa SP, Shrestha S, Anal AK. Addressing the antibiotic resistance and im- 
proving the food safety in food supply chain (farm-to-fork) in Southeast Asia. 

Food Control 2020;108:106809. doi: 10.1016/j.foodcont.2019.106809 . 

[77] Mouiche MMM, Moffo F, Betsama JDB, Mapiefou NP, Mbah CK, Mpouam SE, 
et al. Challenges of antimicrobial consumption surveillance in food-producing 

animals in sub-Saharan African countries: Patterns of antimicrobials imported 
in Cameroon from 2014 to 2019. J Glob Antimicrob Resist 2020;22:771–8. 

doi: 10.1016/J.JGAR.2020.06.021 . 
[78] Allen HK, Stanton TB. Altered Egos: Antibiotic effects on food an- 

imal microbiomes. Annu Rev Microbiol 2014;68:297–315. doi: 10.1146/ 

annurev-micro-091213-113052 . 
[79] Gough EK, Moodie EEM, Prendergast AJ, Johnson SMA, Humphrey JH, Stoltz- 

fus RJ, et al. The impact of antibiotics on growth in children in low and mid-
dle income countries: systematic review and meta-analysis of randomised 

controlled trials. BMJ 2014;348 g2267–g2267. doi: 10.1136/bmj.g2267 . 
[80] Lazzerini M, Tickell D. Antibiotics in severely malnourished children: system- 

atic review of efficacy, safety and pharmacokinetics. Bull World Health Organ 

2011;89:594–607. doi: 10.2471/BLT.10.084715 . 
[81] WHO. World Health Organization Geneva. Management of Severe Malnutri- 

tion: A Manual for Physicians and Other Senior Health Workers. 2010. 
[82] Elton L, Thomason MJ, Tembo J, Velavan TP, Pallerla SR, Arruda LB, et al. An-

timicrobial resistance preparedness in sub-Saharan African countries. Antimi- 
crob Resist Infect Control 2020;9:145. doi: 10.1186/s13756- 020- 0 080 0-y . 

[83] Baggs J, Fridkin SK, Pollack LA, Srinivasan A, Jernigan JA. Estimating national 

trends in inpatient antibiotic use among US hospitals from 2006 to 2012. 
JAMA Intern Med 2016;176:1639. doi: 10.1001/jamainternmed.2016.5651 . 

[84] Barchitta M, Maugeri A, La Rosa MC, La Mastra C, Murolo G, Agodi A. Three-
year trends of healthcare-associated infections and antibiotic use in acute 

care hospitals: Findings from 2016–2018 Point Prevalence Surveys in Sicily. 
Italy. Antibiotics 2020;10:1. doi: 10.3390/antibiotics10 010 0 01 . 

[85] Chukwu EE, Oladele DA, Enwuru CA, Gogwan PL, Abuh D, Audu RA, et al. 

Antimicrobial resistance awareness and antibiotic prescribing behavior among 
healthcare workers in Nigeria: a national survey. BMC Infect Dis 2021;21:22. 

doi: 10.1186/s12879- 020- 05689- x . 
[86] WHOAntimicrobial resistance and primary health care-Brief. Tech Ser Prim 

Heal Care 2018 . 
[87] Tebug SF, Mouiche MMM, Abia WA, Teno G, Tiambo CK, Moffo F, et al. 

Antimicrobial use and practices by animal health professionals in 20 sub- 
Saharan African countries. Prev Vet Med 2021;186. doi: 10.1016/j.prevetmed. 

2020.105212 . 

[88] Tackling drug-resistant infections globally: final report and recommenda- 
tions. 2016. Chaired by Jim O’Neill. https://amr-review.org/sites/default/files/ 

160525 _ Final%20paper _ with%20cover.pdf . 
[89] Slogrove AL, Powis KM, Johnson LF, Stover J, Mahy M. Estimates of 

the global population of children who are HIV-exposed and uninfected, 
20 0 0–18: a modelling study. Lancet Glob Heal 2020;8:e67–75. doi: 10.1016/ 

S2214- 109X(19)30448- 6 . 
10 
[90] Neuman H, Forsythe P, Uzan A, Avni O, Koren O. Antibiotics in early 
life: dysbiosis and the damage done. vol. 42. NLM (Medline); 2018. 

https://doi.org/10.1093/femsre/fuy018. 
[91] Belachew SA, Hall L, Selvey LA. Non-prescription dispensing of antibiotic 

agents among community drug retail outlets in Sub-Saharan African coun- 
tries: a systematic review and meta-analysis. Antimicrob Resist Infect Control 

2021;10:1–15. doi: 10.1186/S13756- 020- 00880- W/FIGURES/3 . 
[92] Keenan JD, Bailey RL, West SK, Arzika AM, Hart J, Weaver J, et al. 

Azithromycin to reduce childhood mortality in Sub-Saharan Africa. N Engl J 

Med 2018;378:1583–92. doi: 10.1056/NEJMoa1715474 . 
[93] Doan T, Hinterwirth A, Worden L, Arzika AM, Maliki R, Abdou A, et al. 

Gut microbiome alteration in MORDOR I: a community-randomized trial 
of mass azithromycin distribution. Nat Med 2019;25:1370–6. doi: 10.1038/ 

s41591- 019- 0533- 0 . 
[94] Kambale RM, Nancy FI, Ngaboyeka GA, Kasengi JB, Bindels LB. Van der Lin- 

den D. Effects of probiotics and synbiotics on diarrhea in undernourished 

children: Systematic review with meta-analysis. Clin Nutr 2021;40:3158–69. 
doi: 10.1016/j.clnu.2020.12.026 . 

[95] Castro-Mejía JL, O’Ferrall S, Ł Krych, O’Mahony E, Namusoke H, Lanyero B, 
et al. Restitution of gut microbiota in Ugandan children administered with 

probiotics (Lactobacillus rhamnosus GG and Bifidobacterium animalis subsp. 
lactis BB-12) during treatment for severe acute malnutrition. Gut Microbes 

2020;11:855–67. doi: 10.1080/19490976.2020.1712982 . 

[96] Noble CCA, Sturgeon JP, Bwakura-Dangarembizi M, Kelly P, Amadi B, Pren- 
dergast AJ. Postdischarge interventions for children hospitalized with severe 

acute malnutrition: a systematic review and meta-analysis. Am J Clin Nutr 
2021;113:574–85. doi: 10.1093/ajcn/nqaa359 . 

[97] Jones KDJ, Hünten-Kirsch B, Laving AMR, Munyi CW, Ngari M, Mikusa J, et al. 
Mesalazine in the initial management of severely acutely malnourished chil- 

dren with environmental enteric dysfunction: a pilot randomized controlled 

trial. BMC Med 2014;12:133. doi: 10.1186/s12916- 014- 0133- 2 . 
[98] Alcock BP, Raphenya AR, Lau TTY, Tsang KK, Bouchard M, Edalatmand A, et al. 

CARD 2020: antibiotic resistome surveillance with the comprehensive antibi- 
otic resistance database. Nucleic Acids Res 2019;48:D517–25. doi: 10.1093/nar/ 

gkz935 . 
[99] Rabasa AI. Urinary Tract infection in severely malnourished children at the 

University of Maiduguri Teaching Hospital. J Trop Pediatr 2002;48:359–61. 

doi: 10.1093/tropej/48.6.359 . 
100] Noorani N, Macharia WM, Oyatsi D, Revathi G. Bacterial isolates in severely 

malnourished children at Kenyatta National Hospital, Nairobi. East Afr Med J 
2005;82:343–8 . 

[101] Babirekere-Iriso E, Musoke P, Kekitiinwa A. Bacteraemia in severely malnour- 
ished children in an HIV-endemic setting. Ann Trop Paediatr 2006;26:319–28. 

doi: 10.1179/146532806X152845 . 

102] Abrha A, Abdissa A, Beyene G, Getahun G, Girma T. Bacteraemia among 
severely malnourished children in jimma university hospital, ethiopia. Ethiop 

J Health Sci 2011;21:175–82. doi: 10.4314/ejhs.v21i3 . 
103] Okomo UA, Garba D, Fombah AE, Secka O, Ikumapayi UNA, Udo JJ, et al. Bac-

terial isolates and antibiotic sensitivity among Gambian children with severe 
acute malnutrition. Int J Pediatr 2011;2011:1–8. doi: 10.1155/2011/825123 . 

104] Chisti MJ, Salam MA, Bardhan PK, Faruque ASG, Shahid ASMSB, Shahunja KM, 
et al. Treatment failure and mortality amongst children with severe acute 

malnutrition presenting with cough or respiratory difficulty and radiological 

pneumonia. PLoS One 2015;10:e0140327. doi: 10.1371/journal.pone.0140327 . 

https://doi.org/10.1016/j.envres.2019.108608
https://doi.org/10.1016/j.scitotenv.2019.134201
https://doi.org/10.1016/j.dib.2019.104638
https://doi.org/10.1016/j.foodcont.2019.106809
https://doi.org/10.1016/J.JGAR.2020.06.021
https://doi.org/10.1146/annurev-micro-091213-113052
https://doi.org/10.1136/bmj.g2267
https://doi.org/10.2471/BLT.10.084715
https://doi.org/10.1186/s13756-020-00800-y
https://doi.org/10.1001/jamainternmed.2016.5651
https://doi.org/10.3390/antibiotics10010001
https://doi.org/10.1186/s12879-020-05689-x
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0086
https://doi.org/10.1016/j.prevetmed.2020.105212
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://doi.org/10.1016/S2214-109X(19)30448-6
https://doi.org/10.1186/S13756-020-00880-W/FIGURES/3
https://doi.org/10.1056/NEJMoa1715474
https://doi.org/10.1038/s41591-019-0533-0
https://doi.org/10.1016/j.clnu.2020.12.026
https://doi.org/10.1080/19490976.2020.1712982
https://doi.org/10.1093/ajcn/nqaa359
https://doi.org/10.1186/s12916-014-0133-2
https://doi.org/10.1093/nar/gkz935
https://doi.org/10.1093/tropej/48.6.359
http://refhub.elsevier.com/S0924-8579(22)00216-3/sbref0100
https://doi.org/10.1179/146532806X152845
https://doi.org/10.4314/ejhs.v21i3
https://doi.org/10.1155/2011/825123
https://doi.org/10.1371/journal.pone.0140327

	Antibiotic use and resistance in children with severe acute malnutrition and human immunodeficiency virus infection
	1 Introduction
	2 Intersection of severe acute malnutrition and human immunodeficiency virus infection
	3 Clinical guidelines and impact of antibiotic treatment in severe acute malnutrition
	4 Clinical guidelines and impact of antibiotic prophylaxis and treatment in human immunodeficiency virus infection
	5 Rationale of antibiotic usage in human immunodeficiency virus and severe acute malnutrition
	6 The impact of antibiotic resistance in severe acute malnutrition and human immunodeficiency virus
	6.1 Mechanisms of resistance
	6.2 Antimicrobial resistance in severe acute malnutrition
	6.3 Antimicrobial resistance in human immunodeficiency virus

	7 Discussion and Future directions
	8 Conclusion
	Funding
	Ethics Approval
	Sequence Information
	Author Contributions
	Declarations of Competing Interests
	References


