
Anales de Pediatría 104 (2026) 504227

www.analesdepediatria.org

ORIGINAL ARTICLE

High  prevalence  of antimicrobial resistance

mechanisms  in  a rural  hospital in  Ethiopia

María Teresa Alvaredo-Carrillo a,  Elena Hidalgo Cardeñosob,
Icíar Ochoa-Chamorro c, Mieraf Fitad,  Habte  Hussein-Elemoe,  Gebriel Tisyamoe,
Ramón  Pérez-Tanoira f,g,h,i,∗

a Servicio  de  Pediatría,  King Fahd Lamu  County  Referral  Hospital,  Lamu,  Kenya
b Servicio  de Microbiología  Clínica,  Hospital  Universitario  Getafe,  Madrid,  Spain
c Servicio  de  Urgencias,  Hospital  Universitario  Fundación  Jiménez  Díaz,  Madrid,  Spain
d Servicio  de Pediatría,  Hospital  Rural  General  de  Gambo,  Gambo,  Oromia,  Ethiopia
e Laboratorio  de  Microbiología,  Hospital  Rural  General  de  Gambo,  Gambo,  Oromia,  Ethiopia
f Servicio  de Microbiología  Clínica,  Hospital  Universitario  Príncipe  de Asturias,  Alcalá  de  Henares,  Spain
g Departamento  de Biomedicina  y  Biotecnología,  Facultad  de  Medicina,  Universidad  de  Alcalá,  Alcalá  de  Henares,  Spain
h Grupo  de  Estudio  de  Enfermedades  Importadas,  Sociedad  Madrileña de Microbiología  Clínica,  Madrid,  Spain
i Máster  de  Medicina  Tropical  y  Salud  Internacional,  Universidad  Autónoma  de Madrid,  Spain

Received  21  November  2025;  accepted  2 March  2026
Available online  9 May  2026

KEYWORDS

Low-  and
middle-income
countries;
Antimicrobial
resistance;
Carbapenemase-
Producing
enterobacterales;
Vancomycin-
resistant;
Enterococcus;
Pediatrics;
Ethiopia

Abstract

Introduction:  To  determine  the  prevalence  of  fecal  carriage  of  antimicrobial  resistance  (AMR)
genes in 40  pediatric  inpatients  managed  in  a  rural  hospital  in Ethiopia  (May---June  2024).
Patients and  methods:  We  conducted  a  prospective  study  in  40  pediatric  inpatients  managed
at Gambo  Rural  General  Hospital,  Oromia,  Ethiopia  (May---June  2024).  Stool  samples  were
collected to  assess  for  intestinal  carriage  and  screened  using  the  AllplexTM Entero-DR  multi-
plex PCR  assay  for  genes  associated  with  carbapenemase-producing  Enterobacterales  (CPE),
extended-spectrum  beta-lactamase  (ESBL)-producing  Enterobacterales,  and  vancomycin-
resistant Enterococcus  (VRE).  We  collected  data  on  demographic  and  clinical  characteristics
and antibiotic  exposure.  The  statistical  analysis  included  the Mann-Whitney  U  and Fisher’s  exact
tests.
Results: Fecal  carriage  of  AMR  genes  was  detected  in 82.5%  of  patients.  The  most  prevalent
resistance  mechanism  was  CTX-M  (80.0%),  followed  by  NDM  (37.5%),  vanA  (32.5%),  and  VIM
(10.0%). Testing  did  not  detect  KPC,  OXA-48,  IMP,  or  vanB  genes.  Malnutrition  was  present  in  65%
of the  patients.  There  were  no statistically  significant  differences  in clinical  outcomes  (length  of
stay, severity)  between  patients  with  and without  AMR  genes  (P >  .05  in  all  comparisons;  limited
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by  the sample  size  of  n  =  40).  Severe  chronic  malnutrition  was  less  frequent  among  carbapen-
emase carriers  (12.5%  vs  62.5%;  P = .033).  This  exploratory  finding  should  be interpreted  with
extreme caution  due  to  multiple  testing,  low  statistical  power  (n  =  40),  and  potential  sources  of
bias including  altered  gut microbiota,  reduced  health  care  exposure  among  severely  malnour-
ished children,  or  chance.  These  observations  only  describe  colonization  patterns  and  cannot
be used  to  infer  causality.
Conclusions:  We  found  a  high  prevalence  of  fecal  carriage  of  AMR  genes  in stool  samples  from
pediatric  inpatients  in  this  hospital  in  rural  Ethiopia,  underscoring  the  need  for  enhanced
surveillance,  stewardship,  and  infection  control  measures  in  resource-limited  settings.
© 2026  Asociación  Española  de Pediatŕıa.  Published  by  Elsevier  España,  S.L.U.  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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Alta  prevalencia  de mecanismos  de resistencia  antimicrobiana  en  un  hospital  rural

Etíope

Resumen

Introducción:  Determinar  la  prevalencia  de la  presencia  en  heces  de genes  de  resistencia  a  los
antimicrobianos  (RAM)  en  40  niños  ingresados  en  un hospital  rural  de Etiopía  (mayo-junio  de
2024).
Pacientes  y  métodos:  Estudio  prospectivo  con  participación  de 40  pacientes  pediátricos  ingre-
sados en  el  Hospital  General  Rural  de  Gambo  (Oromia,  Etiopía)  entre  mayo  y  junio  de  2024.
Se recogieron  muestras  de  heces  para  evaluar  el  estado  de portador  intestinal  y  se  analizaron
mediante el  ensayo  de PCR  multiplex  AllplexTM Entero-DR  para  detectar  genes  asociados  a  Enter-
obacterales productoras  de carbapenemasas  (EPC)  y  de beta-lactamasas  de espectro  extendido
(BLEE), así  como  a  Enterococcus  resistente  a  la  vancomicina  (ERV).  Se  recogieron  datos  sobre
las características  demográficas  y  clínicas  de  los  pacientes  y  del  antecedente  de exposición  a
antibióticos. En  el  análisis  estadístico  se  utilizaron  la  prueba  U  de  Mann-Whitney  y  el  test  exacto
de Fisher.
Resultados:  Se  detectó  la  presencia  de  genes  de RAM  en  las  heces  del  82,5%  de  los  pacientes.
El mecanismo  de  resistencia  más frecuente  fue CTX-M  (80,0  %),  seguido  de NDM  (37,5  %), vanA
(32,5 %)  y  VIM  (10,0  %).  No  se  detectaron  genes  KPC,  OXA-48,  IMP  ni vanB.  El  65%  de los  pacientes
presentaba desnutrición.  No  hubo  diferencias  significativas  en  la  evolución  clínica  (duración  de
la estancia  hospitalaria,  gravedad)  según  la  presencia  o  ausencia  de genes  de RAM  (p  > 0,05  en
todas las  comparaciones;  limitado  por  el tamaño  muestral  de n  =  40).  La  desnutrición  crónica
grave fue  menos  frecuente  entre  los  portadores  de  carbapenemasas  (12,5%  vs.  62,5%;  p  =  0,033).
Este hallazgo  preliminar  debe interpretarse  con  extrema  cautela  debido  a  la  realización  de
pruebas  múltiples,  la  escasa  potencia  estadística  (n  =  40)  y  las  potenciales  fuentes  de  sesgo,
entre las  que  se  incluyen  la  alteración  de la  microbiota  intestinal,  el  menor  contacto  con
servicios de  salud entre  los  niños  con  desnutrición  grave,  o  el  azar.  Los  datos  presentados
solo describen  patrones  de colonización  y  no  pueden  utilizarse  para  inferir  una  relación  causal.
Conclusiones:  Se  observó  una  prevalencia  elevada  de genes  de  resistencia  a  los  antimicrobianos
en muestras  de  heces  de  los pacientes  pediátricos  ingresados  en  este  hospital  rural  en  Etiopía,  lo
que pone  de  relieve  la  necesidad  de  reforzar  las  medidas  de  vigilancia,  de optimización  del  uso
de antimicrobianos,  y  de  gestión  y  control  de infecciones  en  entornos  con  recursos  limitados.
© 2026  Asociación Española de  Pediatŕıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  CC  BY-NC-ND  licencia  (http://creativecommons.org/licencias/by-
nc-nd/4.0/).

Introduction

Antimicrobial  resistance  (AMR) is  a  critical  global  health
threat,  particularly  in low-resource  regions  such  as
Sub-Saharan  Africa,  where  surveillance  data  are  scarce
and  the  burden  is  highest.1---3 High rates of  intesti-
nal  carriage  of  antimicrobial-resistant  Enterobacterales
and Enterococcus  have  been  documented  in pediatric

populations.4---6 Carbapenemase-producing  Enterobacterales
(CPE),  especially  those  harboring  Klebsiella  pneumoniae

carbapenemase  (KPC),  New Delhi  metallo-beta-lactamase
(NDM),  oxacillinase  48  (OXA-48),  Verona  integron-encoded
metallo-beta-lactamase  (VIM)  and imipenemase  (IMP)
genes,  and  extended-spectrum  beta-lactamase  (ESBL)-
producing  strains,  are increasingly  reported  worldwide.7---10

Vancomycin-resistant  Enterococcus  (VRE)  is  also  an emerg-
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ing  concern  and  is often  linked  to  mobile  genetic  elements
and  nosocomial  transmission.11---13

Rural  hospitals  in  Africa  face  additional  challenges:
limited  access  to  antibiotics,  high  rates  of  malnutrition,
delayed  diagnostics,  and  poor hygiene.14,15 The  Global
Antimicrobial  Resistance  and  Use  Surveillance  System
(GLASS)  initiative  of  the World  Health  Organization  (WHO)
calls  for  expanded  AMR  surveillance  in such settings.  The
aim  of  this  study,  conducted  between  May and  June  2024,
was  to  describe  the  prevalence  of  AMR  genes  in stool  sam-
ples  from  pediatric  inpatients  in  rural  Ethiopia  in order  to
provide  urgently  needed  data  on  intestinal  carriage  rates  to
inform  local  and  global  AMR  containment  strategies.

Patients and  methods

Study  design  and setting

We  conducted  a prospective  cross-sectional  study  at Gambo
Rural  General  Hospital,  located  in the province  of  West  Arsi,
Ethiopia,  245  km southeast  of the  capital,  Addis  Ababa,  at an
altitude  of 2250  m  above  sea  level  (7◦ 18′ 21′′ N;  38◦ 48′ 54.7′′

E).  The  hospital  serves  11  kebeles  (municipalities),  corre-
sponding  to  a  total  estimated  catchment  population  of  100
000  inhabitants.  The  temperature  ranges  from  13  to  30 ◦C,
with  varying  levels  of  precipitation  and  rain concentrated
between  June  and  October.  Subsistence  farming and  animal
husbandry  are  the  major occupations  of  the residents  in this
area.

Participants

We consecutively  recruited  children  aged  less  than  18 years
admitted  to  the pediatric  ward  between  May and  June 2024.
Informed  consent  was  obtained  from  their  parents/legal
guardians.

Sample  collection  and microbiological  analysis

To  assess  intestinal  carriage  of  AMR  genes,  stool  sam-
ples  were  collected  in sterile  containers  with  70%  ethanol,
refrigerated,  and  transported  to the Microbiology  Labora-
tory  at  Príncipe  de Asturias  University  Hospital,  Spain.  DNA
extraction  was  performed  using  the STARMag  universal  kit
(Seegene  Inc;  Seoul,  South  Korea)  on  the  Hamilton  Microlab
STARlet  platform  (Werfen,  Barcelona,  Spain).  The  AllplexTM

Entero-DR  assay  (Seegene)  was  used  to  detect  blaKPC,
blaNDM,  blaVIM,  blaOXA-48,  blaIMP,  blaCTX-M,  vanA,  and
vanB  genes,  following  the  manufacturer’s  protocol.  This
molecular  method  detects  resistance  genes,  but  it can-
not  be  used  to  establish  phenotypic  correlation  (which
requires  antimicrobial  susceptibility  testing)  or  to  identify
the  species;  culture-based  methods  were  not used due  to
logistic  and  resource  limitations  in the rural  Ethiopian  set-
ting  (lack  of a  local  microbiology  lab).

Data  collection

We  retrieved  data  on  demographic,  clinical,  and  nutritional
characteristics  and  antibiotic  exposure  from  health  records.

Statistical  analysis

The  statistical  analysis  was  performed  with  the statisti-
cal  package  SPSS  version  27.0  (IBM  Corp;  Armonk,  NY,
USA).  Continuous  variables  were  expressed  as  median  and
interquartile  range  (IQR)  and categorical  variables  as  pro-
portions,  unless  otherwise  specified.  To  compare  differences
between  groups,  we  used  the Mann-Whitney  U  test,  the �2

test with  the  Yates  correction,  or, if any expected  frequency
was  less  than  5, the Fisher  exact  test.  We  considered  P  values
of  0.05  or  less  statistically  significant  for  these comparisons.

Ethical  approval

The  study  was  approved  by the  Ethics  Committee  of the
Ethiopian  Catholic  Secretariat  and  Gambo  Rural  General
Hospital  (protocol  GH/MSMHF/709).  We obtained  verbal
informed  consent  from  the parents/legal  guardians  due
to  the  sociocultural  and  logistical  realities  of  this  rural
Ethiopian  setting,  including  low literacy  rates (<30%  in
the  West  Arsi  zone)  and  limited  infrastructure  for  written
documentation.  The  verbal  consent  process  was  explicitly
approved  by  the  institutional  review  boards  and  adhered
to  international  ethical  recommendations  for resource-
limited  settings  with  low literacy  (CIOMS  2016, WHO  2011).
Parents/guardians  were  fully  informed  about  the study’s
purpose,  procedures,  risks,  benefits,  and voluntary  nature
using  local  languages  (Oromo/Amharic)  through  trained
local  staff.  All candidates  provided  consent,  and  none
refused  participation.

Results

Demographic  and clinical  characteristics

Forty pediatric  patients  (65%  male;  median  [IQR]  age,  1.15
[0.71−2.79] years)  admitted  between  May and  June  2024
participated  in the  study.  The  prevalence  of  acute  malnutri-
tion  was  62.5%  (50%  severe,  12.5%  moderate).  In  the  group
aged  more  than  6 months  (n  =  23),  the median  mid-upper
arm  circumference  was  12  cm  (IQR 10.80---13.20)  (Table  1).

Clinical presentation  and  reasons for admission

The  most  frequent  reasons  for  admission  were acute  gas-
troenteritis  (37.5%),  lower  respiratory  tract  infection  (25%),
complications  of  malnutrition  (20%),  and sepsis  evaluation
(12.5%).  Other  reasons  included  malaria  (3%)  and  surgical
conditions  (2.5%).  The  presenting  symptoms  included  fever
(72.5%),  diarrhea  (45%),  respiratory  distress  (30%),  and vom-
iting  (25%).

Antibiotic  exposure

Among  the  12  patients  (30.6%)  who  had  received  antibiotics
in  the  previous  3 months,  the  most  commonly  used  agents
were:

-  Amoxicillin  (n  =  8;  66.7%  of  exposed):  primarily  for  respira-
tory  infection  (n  =  5),  otitis  (n =  2),  and  diarrhea  (n  =  1).**
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Table  1  Demographic  and  clinical  characteristics  of  pediatric  patients  according  to  the  presence  or  absence  of  antimicrobial
resistance genes.

Characteristic  With  AMR  gene(s)  (n  =  33;
82.50%)

Without  AMR  gene(s)  (n  = 7;
17.50%)

P

Male  sex 21/33  (63.63%) 5/7  (71.43%) .695
n =  26/40  (65.00%)
Age 1.11  (0.66−2.45) 2.82  (0.72−3.80) .373
Median  1.15  years  (IQR  0.71−2.79)
SAM  and  MAM 21/33  (63.63%) 4/7  (57.14%) .747
n =  25/40  (62.50%)
SAM 16/33  (48.48%) 4/7  (57.14%) .677
n =  20/40  (50.00%)
Chronic  malnutrition 15/20  (75.00%) 2/4  (50.00%) .315
n =  17/24  (70.83%)
Severe  chronic  malnutrition 9/20  (45.00%)  2/4 (50.00%)  1.000
n =  11/24  (45.83%)
Anemia 12/25  (48.00%)  4/7 (57.14%)  .669
n =  16/32  (50.00%)
Length  of  stay 8.0  (5.50−12.50)  6.0  (8.50−5)  .287
Median, 7.0  days  (IQR  5.75−11.25)
Previous  hospital  admission 10/31  (32.26%) 1/7  (14.28%) .344
n =  11/38  (28.95%)
History  of  antibiotic  use 9/29  (31.03%) 2/7  (28.57%) .899
n =  11/36  (30.55%)

Data expressed as median (IQR) or n  (%).
Abbreviations: AMR, antimicrobial resistance; MAM, moderate acute malnutrition; SAM, severe acute malnutrition.

-  Amoxicillin-clavulanate  (n =  3;  25.0%):  urinary  tract  infec-
tion  (n  = 2),  cellulitis  (n = 1).**

-  Ceftriaxone  (n  =  1, 8.3%):  severe  pneumonia.**

No  patients  had  received  carbapenems  or  vancomycin  in
the  previous  3 months.**

During  the  hospital  stay,  97.5%  received  beta-lactams
(primarily  third-generation  cephalosporins  and  penicillins)
and  7.5%  received  vancomycin  (Table 1).

Prevalence  of resistance  genes

Antimicrobial  resistance  genes  were  detected  in 82.5%
(33/40)  of  patients:  CTX-M  was  found  in  80%,  NDM in 37.5%,
vanA  in  32.5%,  and  VIM in 10%.  On the  other  hand,  KPC,  OXA-
48,  IMP,  or  vanB  were  not  detected  in any  (Tables  2 and  3).

•  There  were  no  significant  differences  in age,  sex,  or  nutri-
tional  status  between  patients  in whom  AMR  genes  were
detected  and  those  in  whom  they  were not.

•  The  median  length  of  stay  was  longer  in the group  with
detected  AMR  genes  (8.0  vs  6.0 days;  P  = .287).

•  Severe  chronic  malnutrition  was  less  frequent  among
patients  carrying  bacteria  with  carbapenemase  genes
(12.5%  vs  62.5%;  P =  .033).

Clinical  presentation  and  reasons for admission

The reasons  for admission  included  acute  gastroenteri-
tis  (37.5%),  lower  respiratory  tract  infection  (25%),  and
malnutrition-related  complications  (20%).  There  were  no

significant  differences  between  patients  colonized  with
antibiotic  resistance  gene-carrying  bacteria  and non-
colonized  patients  in  length  of  stay  (8.0  vs  6.0  days;  P  =
.287),  severity,  or  mortality  (0%  in both  groups; limited  sta-
tistical  power  due  to sample  size  of  n = 40).

Discussion

This  study,  conducted  in May and  June  2024,  found  high
fecal  carriage  rates  of  AMR  genes  among  pediatric  inpa-
tients  in rural  Ethiopia,  with  detection  of ESBL  (CTX-M)  in
80%  of  patients,  carbapenemases  (NDM,  VIM)  in 37.5%,  and
vanA  in  32.5%.  These  frequencies  are comparable  to  those
reported  in other  studies  from  Sub-Saharan  Africa  (high  ESBL
rates  among  infants  with  neonatal  sepsis  at  Jimma  Medical
Center,  Ethiopia,9; 17%  prevalence  of ESBL  fecal carriage  in
children  aged  less  than  5  years  in  Addis  Ababa,  Ethiopia,16;
high  prevalence  of  faecal  carriage  of ESBL-producing  Enter-
obacteriaceae  among  children  in Dar  es  Salaam,  Tanzania,22

[Tellevik  et  al.];  high  prevalence  of  CRKP  in cases  of  sepsis
diagnosed  in Ethiopian  children  aged  less  than  5 years,17;
61%  prevalence  of  CPE  among  children  hospitalized  in  pedi-
atric  wards  in  Luanda,  Angola,18; CTX-M  prevalence  of  70%  to
90%  among  pediatric  isolates  in  Kenya/Uganda  and  high  car-
bapenemase  carriage  in rural  Kenyan  pediatric  centers,6,19;
and  colonization  by  ESBL-producing  bacteria  in 48%  of  pedi-
atric  inpatients  at a South  African  referral  hospital20)  and
higher  than those reported  in  European  pediatric  popula-
tions  (5%---20%).21,23---25

Multiple  factors  were  associated  with  AMR  gene  detec-
tion  (environmental  transmission,  hygiene  deficits,  possible
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Table  2  Prevalence  of  major  antimicrobial  resistance  genes  detected  in the  cohort.

Resistance  gene  n  positive/total  (%)  Type  of  resistance

CTX-M  32/40  (80.0%)  ESBL  (extended-spectrum  �-lactamase)
NDM 15/40  (37.5%)  Carbapenemase
VIM 4/40  (10.0%)  Carbapenemase
vanA 13/40  (32.5%)  Vancomycin  resistance  (VRE)
KPC 0/40  (0%)  Carbapenemase
OXA-48  0/40  (0%)  Carbapenemase
IMP 0/40  (0%)  Carbapenemase
vanB 0/40  (0%)  Vancomycin  resistance  (VRE)

Distribution of the main antimicrobial resistance genes detected by  multiplex PCR in stool samples from pediatric inpatients. Data are
presented as number and percentage of positive patients.
Abbreviations: ESBL, extended-spectrum �-lactamase; VRE, vancomycin-resistant Enterococcus.

vertical  pathways)  and  there  was  a  low  prevalence  of  prior
antibiotic  exposure  (30.6%),  indicating  that  environmental
and  community-related  factors  may  contribute  substantially
more  than  direct  selective  pressure.14

The  median  hospital  stay  was  longer  in patients  carrying
AMR  genes  (8.0 vs  6.0  days;  P  =  .287).  This  difference  was
not  statistically  significant,  probably  on  account  of  the low
statistical  power  (n  =  40,  post-hoc  power  <30%)  and  unmea-
sured  confounders.  Therefore,  no  clinical  inference  can  be
drawn.

The  small  sample  size  was  a  limitation  but  reflects  the
reality  of  research  in rural  African  hospitals,  where  logistical
and  ethical  barriers  make  large  studies  challenging.  Similar
studies  with  sample  sizes  of  less  than  50  have  been  published
in  the  International  Journal  of  Antimicrobial  Agents  and
other  leading  journals,  having  explained  the context  clearly
and  justified  the  limitations.  Despite  these  constraints,  the
study  yields  several  important  public  health implications.
Our  findings,  though  not  powered  for  multivariable  analysis,
provide  critical  baseline  data  for  this neglected  population.

The  unexpected  inverse  association  between  severe
chronic  malnutrition  and  carbapenemase  carriage  may
reflect  an altered  microbiota  or  reduced  health  care
exposure  in  the  most malnourished,  but  this requires  confir-
mation  in  larger cohorts.  Given  the  cross-sectional  design
and  small  sample  size,  the  associations  observed  in this
study  should  be  interpreted  as  hypothesis-generating  rather
than  causal  and  warrant  confirmation  in future  longitudinal
research.

The  key  limitations  include:  (1)  lack  of  phenotypic
correlation,  as  gene detection  does  not  confirm  resis-
tance  expression  (which  would  require  antibiogram
with minimum  inhibitory  concentration  [MIC]/culture);
(2)  no species  identification  (generic  identification  of
Enterobacterales/Enterococcus)26,27; both  intrinsic  to
molecular  surveillance  with  PCR  in rural  hospitals  lack-
ing  infrastructure.  These  aspects  do  not invalidate  the
descriptive  genotypic  baseline  prevalence  data.4,10 The
high  prevalence  of VRE  gene detection  observed  in our
hospital  aligns with  Ethiopian  pediatric  reports.26---28

Implications:  There  is  an  urgent  need  for  investment
in  diagnostic  capacity,  infection  control,  and antimicro-

bial  stewardship  in  rural  African  hospitals.1,15 Surveillance
in  underrepresented  settings  is  essential  to  inform  global
AMR  strategies.2,3 Given  the high  prevalence  of  malnutri-
tion  (65%)  and AMR  carriage  observed  in this  cohort,  future
studies  should  incorporate  standardized  neurodevelopmen-
tal  assessment  tools  to  better  explore  the combined  impact
of  these  factors  on  long-term  developmental  outcomes.
This  critical  aspect  could  not be addressed  in  the present
study  due  to  resource  and logistics  constraints  typical  of
rural  African  settings.  Future  research  should  prioritize
larger  multicenter  cohort  studies  exploring  transmission
(vertical/environmental)  as  well  as  VRE  trends  in Africa  vs
Europe.13,29,30

These  results  suggest  the  need  for  a  comprehensive
public  health  approach  tailored  to  the local  context.  Specif-
ically,  the  development  of  local  empirical  antibiotherapy
protocols  may  be warranted  in light of  the  high  observed
prevalence  of  intestinal  carriage  (CTX-M  in  80%,  NDM  in
37.5%,  vanA  in  32.5%).  At  Gambo  Rural  General  Hospital,  this
might  involve  prioritizing  beta-lactams  not  compromised  by
ESBL  activity  for  severe  infections,  with  early  review  for
de-escalation  when  possible,  and  implementing  strict  cri-
teria  for limited  and  sporadic  access  to  carbapenems  and
vancomycin,  which  are only  available  through  occasional
donations  from  foreign  collaborators.5,8

It  is  also  essential  to  implement  antimicrobial  steward-
ship programs  (ASPs)  adapted  to resource-limited  settings.
These  interventions  should  include training  on  rational
antibiotic  use,  de-escalation  criteria  based  on  local  data,
and  antibiotic  consumption  monitoring.  Particularly,  given
the  extremely  limited  availability  of carbapenems  at Gambo
Rural  General  Hospital----dependent  exclusively  on  irregular
donations  from  international  collaborators----ASP  programs
should  prioritize  the  strategic  reservation  of  these scarce
resources  for culture-confirmed  cases  with  no  alternative
therapeutic  options,  maximizing  their  impact  while  prevent-
ing  further  resistance  selection.

Complementing  these efforts,  realistic  infection  control
measures  (such  as  reinforcing  hand  hygiene,  basic  sepa-
ration  of  colonized  patients,  and caregiver  education)  are
feasible  even  in rural  hospitals  and  can  mitigate  nosocomial
transmission  of  resistance  genes.11,13
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Table  3  Association  of  major  antimicrobial  resistance  genes  with  key clinical  and  demographic  variables  in pediatric  inpatients.

Resistance
gene

Positive  Age  Male  SAM/MAM  LOS  in
days,
median
(IQR)

Prior
antibiotics

Prior
admission

Anemia  P (key
variable)

n (%)  median
(IQR)

n  (%)  n  (%)  n  (%)  n  (%)  n  (%)

CTX-M  (+)  32  (80.0%)  1.10
(0.70−2.70)

20  (62.5%)  20  (62.5%)  8.0
(7.0−10.0)

10  (31.3%)  9  (28.1%)  16  (50.0%)  0.219
(LOS)

CTX-M (−) 8  (20.0%)  1.30
(0.80−2.90)

6 (75.0%)  5  (62.5%)  6.0
(5.0−8.0)

2  (25.0%)  1  (12.5%)  4  (50.0%)

NDM (+)  15  (37.5%)  1.00
(0.70−2.10)

9 (60.0%)  10  (66.7%)  8.0
(7.0−10.0)

6  (40.0%)  5  (33.3%)  7  (46.7%)  0.207
(LOS)

NDM (−)  25  (62.5%)  1.20
(0.80−2.90)

17  (68.0%)  15  (60.0%)  7.0
(6.0−9.0)

6  (24.0%)  5  (20.0%)  13  (52.0%)

VIM (+)  4  (10.0%)  1.10
(0.90−2.00)

3 (75.0%)  2  (50.0%)  8.0
(7.0−10.0)

2  (50.0%)  2  (50.0%)  2  (50.0%)  0.665
(age)

VIM (−)  36  (90.0%)  1.20
(0.70−2.80)

23  (63.9%)  18  (63.9%)  7.0
(6.0−9.0)

10  (27.8%)  8  (22.2%)  17  (47.2%)

vanA (+)  13  (32.5%)  1.10
(0.70−2.20)

8 (61.5%)  8  (61.5%)  8.0
(7.0−10.0)

5  (38.5%)  5  (38.5%)  6  (46.2%)  0.351
(admission)

vanA (−)  27  (67.5%)  1.20
(0.80−2.80)

18  (66.7%)  17  (63.0%)  7.0
(6.0−9.0)

7  (25.9%)  4  (14.8%)  13  (48.1%)

Comparison of  clinical and demographic variables according to the presence of each  major antimicrobial resistance gene (CTX-M, NDM, VIM, vanA) in pediatric inpatients. Data presented
as median (IQR) or n (%). The P values were calculated using the Mann-Whitney U  or Fisher exact test as applicable. Abbreviations: LOS, length of  stay; SAM, severe acute malnutrition;
MAM, moderate acute malnutrition.
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Conclusions

High  fecal  carriage  of  AMR  genes  was  observed  among  pedi-
atric  inpatients  in  rural  Ethiopia  (May---June  2024).  These
baseline  data  highlight  the need  for  enhanced  surveillance,
tailored  stewardship,  and  infection  control  in  resource-
limited  environments.

Funding

Partially  funded  by  Werfen  Ltd.,  which  provided  molec-
ular  biology  reagents.  Also,  this  study  was  conducted
in  the  framework  of  the  research  project  ‘‘The search
for  new  compounds  with  antimicrobial  properties  against
multidrug-resistant  pathogens  or  with  ineffective  treat-
ments’’  [Fundación  para  la  Investigación  Biomédica  del
Hospital Universitario  Príncipe  de  Asturias  (FIBHUPA)].

Declaration of competing  interest

The  authors  have  no conflicts  of interest  to  declare.

Acknowledgments

We  thank  the  staff  of Gambo  Rural  General  Hospital  and
the  Master’s  Program  in Tropical  Medicine  and International
Health  (Universidad  Autónoma  de  Madrid)  for  their  support.

References

1. World Health Organization, Available from: In: Global antimi-
crobial resistance and use surveillance system (GLASS)
report: early implementation 2020. Geneva: WHO; 2020
https://www.who.int/publications/i/item/9789240062702

2. Yahaya AA, Abubakar U, Bello M, Mazengiya YD, Gahimbare L,
Bishikwabo-Nsarhaza K. Perspectives on the regional strategy
for implementation of  national action plans on antimicro-
bial resistance in the WHO African region. Antibiotics (Basel).
2024;13:943, http://dx.doi.org/10.3390/antibiotics13100943.

3. Murray CJL, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar
G, Gray A, et  al. Global burden of bacterial antimicrobial resis-
tance in 2019: a systematic analysis. Lancet. 2022;399:629---55,
http://dx.doi.org/10.1016/S0140-6736(21)02724-0.

4. Zhou X, Willems RJL, Friedrich AW,  Rossen JWA, Bathoorn
E. Enterococcus faecium: from microbiological insights
to practical recommendations for infection control and
diagnostics. Antimicrob Resist Infect Control. 2020;9:130,
http://dx.doi.org/10.1186/s13756-020-00770-1.

5. Hanchi H, Mottawea W, Sebei K,  Hammami R. The genus
Enterococcus: between probiotic potential and safety
concerns----an update. Front Microbiol. 2018;9:1791,
http://dx.doi.org/10.3389/fmicb.2018.01791.

6. Fiore E, Van Tyne D, Gilmore MS. Pathogenic-
ity of Enterococci. Microbiol Spectr. 2019;7,
http://dx.doi.org/10.1128/microbiolspec.GPP3-0053-2018.
GPP3-0053-2018.

7. Nordmann P, Poirel L, Walsh TR, Livermore DM. The emerg-
ing NDM carbapenemases. Trends Microbiol. 2011;19:588---95,
http://dx.doi.org/10.1016/j.tim.2011.09.005.

8. Queenan AM, Bush K.  Carbapenemases: the versatile
beta-lactamases. Clin Microbiol Rev. 2007;20:440---58,
http://dx.doi.org/10.1128/CMR.00001-07.

9. Geleta D, Tulu B, Ayele S, Gezahegn D, Work-neh N,
Beyene G. Phenotypic bacterial epidemiology and antimi-
crobial resistance profiles in neonatal sepsis at Jimma
Medical Center. Ethiopia. PLoS One. 2024;19:e0310376,
http://dx.doi.org/10.1371/journal.pone.0310376.

10. Seiffert SN, Hilty M, Perreten V, Endimiani A. Extended-
spectrum cephalosporin-resistant Gram-negative
organisms in livestock: an emerging problem for
human health? Drug Resist Updat. 2013;16:22---45,
http://dx.doi.org/10.1016/j.drup.2012.12.001.

11. Courvalin P. Vancomycin resistance in  gram-
positivecocci. Clin Infect Dis. 2006;42 Suppl 1:S25---34,
http://dx.doi.org/10.1086/491711.

12. Bender JK, Cattoir V, Hegstad K, Sadowy E, Coque
TM, Westh H, et  al. Update on prevalence and mech-
anisms of  resistance to linezolid, tigecycline, and
daptomycin in enterococci in Europe: towards a com-
mon nomenclature. Drug Resist Updat. 2018;40:25---39,
http://dx.doi.org/10.1016/j.drup.2018.10.002.

13. Alemayehu T, Hailemariam M. Prevalence of vancomycin-
resistant Enterococcus in Africa in One Health approach: a
systematic review and meta-analysis. Sci Rep. 2020;10:20542,
http://dx.doi.org/10.1038/s41598-020-77696-6.

14. Williams PCM, Isaacs D, Berkley JA. Antimicro-
bial resistance among children in sub-Saharan
Africa. Lancet Infect Dis. 2018;18:e33---44,
http://dx.doi.org/10.1016/S1473-3099(17)30467-X.

15. World  Health Organization, Available from: In: Global
antimicrobial resistance and use surveillance sys-
tem (GLASS) report: 2022. Geneva: WHO; 2022
https://www.who.int/publications/i/item/9789240062702

16. Tola MA, Abera NA, Gebeyehu YM, Dinku SF, Tullu KD.
High prevalence of  extended-spectrum beta-lactamase-
producing Escherichia coli and Klebsiella pneumoniae

fecal carriage among children under five years in
Addis Ababa, Ethiopia. PLoS One. 2021;16:e0258117,
http://dx.doi.org/10.1371/journal.pone.0258117.

17. Gadisa E, Egyir B, Fekede E, Adu B, Danso J,  Oclu
A, et  al. Epidemiology, antimicrobial resistance profile,
associated risk factors and management of carbapenem
resistant Klebsiella pneumoniae in children under 5 with
suspected sepsis in Ethiopia. BMC Infect Dis. 2024;24:1458,
http://dx.doi.org/10.1186/s12879-024-10366-4.

18. Kieffer N, Nordmann P, Aires-de-Sousa M,  Poirel L.
High prevalence of  carbapenemase-producing Enter-
obacteriaceae among hospitalized children in Luanda,
Angola. Antimicrob Agents Chemother. 2016;60:6189---92,
http://dx.doi.org/10.1128/AAC.01201-16.

19. Githii S, Maingi JM, Nyaga T, Ndungu C, Nyongesa KW,
Musyoki AM. Gastrointestinal carriage of carbapenemase-
producing Enterobacterales among inpatient and
outpatient children in Kenya. Sci Rep.  2024;14:30684,
http://dx.doi.org/10.1038/s41598-024-78059-1.

20. Ogunbosi BO, Moodley C, Naicker P, Nuttall J,  Bam-
ford C, Eley B. Colonisation with extended-spectrum
beta-lactamase-producing and carbapenem-resistant Enter-
obacterales in children admitted to a paediatric referral
hospital in South Africa. PLoS One. 2020;15:e0241776,
http://dx.doi.org/10.1371/journal.pone.0241776.

21. Grundmann H, Glasner C, Albiger B, Aanensen DM,
Tomlinson CT, Andrasevi’c AT, et  al. Occurrence of
carbapenemase-producing Klebsiella pneumoniae and
Escherichia coli  in the European survey of  carbapenemase-
producing Enterobacteriaceae (EuSCAPE): a prospective,
multinational study. Lancet Infect Dis. 2017;17:153---63,
http://dx.doi.org/10.1016/S1473-3099(16)30257-2.

22. Tellevik MG, Blomberg B, Kommedal Ø, Maselle SY, Lan-
geland N, Moyo SJ. High prevalence of faecal carriage

7

https://www.who.int/publications/i/item/9789240062702
dx.doi.org/10.3390/antibiotics13100943
dx.doi.org/10.1016/S0140-6736(21)02724-0
dx.doi.org/10.1186/s13756-020-00770-1
dx.doi.org/10.3389/fmicb.2018.01791
dx.doi.org/10.1128/microbiolspec.GPP3-0053-2018
dx.doi.org/10.1016/j.tim.2011.09.005
dx.doi.org/10.1128/CMR.00001-07
dx.doi.org/10.1371/journal.pone.0310376
dx.doi.org/10.1016/j.drup.2012.12.001
dx.doi.org/10.1086/491711
dx.doi.org/10.1016/j.drup.2018.10.002
dx.doi.org/10.1038/s41598-020-77696-6
dx.doi.org/10.1016/S1473-3099(17)30467-X
https://www.who.int/publications/i/item/9789240062702
dx.doi.org/10.1371/journal.pone.0258117
dx.doi.org/10.1186/s12879-024-10366-4
dx.doi.org/10.1128/AAC.01201-16
dx.doi.org/10.1038/s41598-024-78059-1
dx.doi.org/10.1371/journal.pone.0241776
dx.doi.org/10.1016/S1473-3099(16)30257-2


M.T.  Alvaredo-Carrillo,  E. Hidalgo  Cardeñoso,  I.  Ochoa-Chamorro  et  al.

of ESBL-producing Enterobacteriaceae among children in
Dar es Salaam, Tanzania. PLoS One. 2016;11:e0168024,
http://dx.doi.org/10.1371/journal.pone.0168024.

23. Ayalneh ST, Beshah BY, Jeon Y,  Teshome S,  Geta-
hun  T, Gebreselassie S,  et  al.  Extended-spectrum
beta-lactamase and carbapenemase-producing
Escherichia coli O157:H7 among diarrheic patients in
Shashemene, Ethiopia. PLoS One. 2024;19:e0306691,
http://dx.doi.org/10.1371/journal.pone.0306691.

24. Seifert H, von  Linstow ML, Janssen H, Dowzicky M.
Antimicrobial susceptibility among Gram-negative isolates
in pediatric patients in Europe from 2013---2018 com-
pared to 2004---2012: results from the ATLAS Surveil-
lance Study. Int J Antimicrob Agents. 2021;58:106441,
http://dx.doi.org/10.1016/j.ijantimicag.2021.106441.

25. López-Siles M,  Moure Z, Muadica AS, Sánchez S, Cruces
R,  Ávila A, et al.  Fecal carriage of  extended-spectrum
beta-lactamase-producing Enterobacterales in healthy
Spanish schoolchildren. Front Microbiol. 2023;14:1035291,
http://dx.doi.org/10.3389/fmicb.2023.1035291.

26. Abera A, Tilahun M,  Tekele SG,  Belete MA. Prevalence, antimi-
crobial susceptibility patterns, and risk factors associated with
Enterococci among pediatric patients at Dessie Referral Hospi-

tal, Northeastern Ethiopia. Biomed Res Int. 2021;2021:5549847,
http://dx.doi.org/10.1155/2021/5549847.

27. Toru M, Beyene G,  Kassa T,  Gizachew Z, Howe R, Yeshi-
tela B, et  al. Prevalence and phenotypic characterization
of Enterococcus species isolated from clinical samples of
pediatric patients in Jimma University Specialized Hos-
pital, southwest Ethiopia. BMC Res Notes. 2018;11:281,
http://dx.doi.org/10.1186/s13104-018-3382-x.

28.  Ashagrie D,  Genet C, Abera B. Vancomycin-resistant Entero-
cocci and coagulase-negative Staphylococci prevalence among
patients attending at Felege Hiwot Comprehensive Special-
ized Hospital, Bahir Dar, Ethiopia. PLoS One. 2021;16:e0249823,
http://dx.doi.org/10.1371/journal.pone.0249823.

29. Von Baum H, Schehl J, Geiss HK, Schaefer F,  Available from:
Prevalence of vancomycin-resistant Enterococci among children
with end-stage renal failure. Clin Infect Dis. 1999;29:912---6
http://www.jstor.org/stable/4461026

30. Ayobami O,  Willrich N,  Reuss A, Eckmanns T, Mark-
wart R.  The ongoing challenge of  vancomycin-resistant
Enterococcus faecium and Enterococcus faecalis in
Europe: an epidemiological analysis of  bloodstream
infections. Emerg Microbes Infect. 2020;9:1180---93,
http://dx.doi.org/10.1080/22221751.2020.1769500.

8

dx.doi.org/10.1371/journal.pone.0168024
dx.doi.org/10.1371/journal.pone.0306691
dx.doi.org/10.1016/j.ijantimicag.2021.106441
dx.doi.org/10.3389/fmicb.2023.1035291
dx.doi.org/10.1155/2021/5549847
dx.doi.org/10.1186/s13104-018-3382-x
dx.doi.org/10.1371/journal.pone.0249823
http://www.jstor.org/stable/4461026
dx.doi.org/10.1080/22221751.2020.1769500

	High prevalence of antimicrobial resistance mechanisms in a rural hospital in Ethiopia
	Introduction
	Patients and methods
	Study design and setting
	Participants
	Sample collection and microbiological analysis
	Data collection
	Statistical analysis
	Ethical approval

	Results
	Demographic and clinical characteristics
	Clinical presentation and reasons for admission
	Antibiotic exposure
	Prevalence of resistance genes
	Clinical presentation and reasons for admission

	Discussion
	Conclusions
	Funding
	Declaration of competing interest
	Acknowledgments

	References

