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Abstract.  Antimicrobial resistance is a major public health issue, 
especially in developing countries.  This study retrospectively assessed 
microorganisms and antibiotic resistance in patients from a pediatric 
intensive care unit (PICU) of a tertiary hospital in Mogadishu, Somalia, 
between January 2022 and December 2023.  Cultures and antibiotic 
susceptibility tests were conducted on clinical samples collected.  Standard 
bacteriological methods identified 24.5% of the samples (n = 1,424) as 
positives, 85% from patients ≤1 year of age, with 66% being male.  Cultures 
were predominantly from blood (73%), followed by urine (10%) and 
then wound (7%), with Gram-negative bacteria accounting for 58%, 
Gram-positive bacteria 27% and Candida spp 15% of the samples.  The 
most frequent Gram-negative and -positive bacteria were Escherichia 
coli (26%) and coagulase-negative staphylococci (19%).  Antibiogram 
profiling revealed that the Gram-negative bacteria isolates were resistant 
to amoxicillin/clavulanic acid (59%), ampicillin/sulbactam (60%), and 
trimethoprim/sulfamethoxazole (52%), while Gram-positive bacteria 
isolates were resistant to ciprofloxacin (69%), levofloxacin (72%) and 
methicillin (51%).  Although the data were limited to a single hospital, 
the high prevalence of antibiotic resistance emphasizes the need for 
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INTRODUCTION

Hospital  infect ions remain a 

major issue in pediatric intensive 

c a r e  u n i t s  ( P I C U s ) ,  c a u s i n g 

significant morbidity and mortality 

(Avcu and Atikan,  2021) .   Weak 

immunity ,  presence  of  invas ive 

devices and prolonged stay increase 

infection risks.  Antibiotics have 

revolutionized infectious disease 

treatment, dramatically reducing 

morbidity and mortality (Ferraz, 

2024).  However, antibiotics misuse, 

use in animal growth promotion, 

p o o r  s a n i t a t i o n ,  a n d  i n c r e a s e d 

t ravel  have  dr iven the  r i se  and 

spread of antimicrobial resistance 

(AMR) (Moo et al, 2020).  Common 

drug-resistant pathogens include 

methicillin-resistant Staphylococcus 

aureus (MRSA), multidrug-resistant 

G r a m - n e g a t i v e  b a c t e r i a  a n d 

vancomycin-resistant enterococci 

(Edwardson and Cairns, 2019). 

A M R ,  d u b b e d  t h e  “ S i l e n t 

Pa n d e m i c , ”  c a u s e s  p r e ve n t a b l e 

m o r t a l i t y ,  i n c r e a s e s  h e a l t h c a r e 

c o s t s ,  h i n d e r s  d i s e a s e  c o n t r o l , 

t h r e a t e n s  h e a l t h  s e c u r i t y ,  a n d 

harms the economy (Founou et al, 

2021).  AMR burden varies globally 

b u t  d i s p r o p o r t i o n a t e l y  a ff e c t s 

low- and middle-income countries, 

with Africa being the most severely 

i m p a c t e d  ( A n ya e g b u n a m  e t  a l , 

2 0 2 4 ) .   We a k  h e a l t h  s y s t e m , 

l imited laboratory capaci ty  and 

p o o r  r e g u l a t i o n  o f  a n t i b i o t i c s 

use have worsened the problem 

in Somalia  (Hassan  e t  a l ,  2024) .  

Correspondence:  Rahma Yusuf Haji Mohamud, Department of Nursing, Mogadishu 
Somali Turkiye Recep Tayyip Erdogan Training and Research Hospital, Mogadishu 
2526, Somalia
Tel: +252 615216313	 E-mail: samiihayusuf@gmail.com

maintaining an up-to-date antibiogram database for appropriate antibiotic 
use, especially among the very young PICU patients in Somalia and 
elsewhere.
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S o m a l i a  r e p o r t e d  8 , 4 0 0  d e a t h s 

d i rec t ly  attr ibuted  to  AMR and 

32,700 AMR-related deaths in 2019, 

making the country among the top 

10 nations globally with the highest 

AMR-associated mortality (Hassan 

e t  a l ,  2024) .   Wor ldwide ,  drug-

resistant infections caused 700,000 

deaths annually, potentially rising 

t o  1 0  m i l l i o n  b y  2 0 5 0  w i t h o u t 

intervention (O’Neill, 2016). 

Data on nosocomial infection 

and drug resistance in PICUs of 

low-income countries are limited 

(Rosenthal et al, 2012).  In Somalia, 

such studies are scarce, hindering 

infection control and the development 

of  pol i cy  on  ra t iona l  ant ib io t i c 

use.  We retrospectively assessed 

microorganisms isolated from PICU 

patients in a Somali tertiary hospital 

and their antibiogram profiles.  The 

results of this study may guide the 

updating of  empirical  treatment 

protocols based on local resistance 

patterns ,  the  implementat ion of 

antibiotic stewardship programs 

t o  c o m b a t  a n t i m i c r o b i a l 

resistance, and the strengthening 

o f  i n f e c t i o n  c o n t r o l  m e a s u r e s .

MATERIALS AND METHODS

Study area and population

Data of clinical cultures from 

patients admitted to the PICU of 

a  ter t iary  hospi ta l ,  Mogadishu, 

S o m a l i a ,  f r o m  J a n u a r y  2 0 2 2  t o 

December 2023, were retrieved and 

reviewed.  This hospital serves over 

2 million people and is among the 

largest in the country.

Data collection

Microbial isolates (n = 349) were 

successfully cultured from clinical 

s a m p l e s  ( b l o o d ,  c e r e b r o s p i n a l 

fluid  (CSF) ,  ur ine ,  wound,  and 

other  sources ;  n =  1,434) .   Data 

on patients’ age, sex and type of 

clinical sample were collected.

Microbiological analysis

Microbiological  analysis  was 

carried out according to standard 

l a b o r a t o r y  p r o c e d u r e s  ( W H O 

SEARO, 2000).  In brief,  samples 

were cultured on blood, chocolate 

and eosin-methylene blue (EMB) 

agar  p la tes  (Labor lar ,  I s tanbul , 

Türkiye) for 24 hours at 37 °C, and 
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another  24  hours  i f  no colonies 

we r e  o b s e r ve d  d u r i n g  t h e  fi r s t 

period.   Isolates were identified 

b y  c o l o n y  m o r p h o l o g y ,  G r a m 

staining and standard biochemical 

tests, viz hemolysis on blood agar, 

and catalase and coagulase tests 

for  Gram-posi t ive  bacter ia ;  and 

oxidase, triple sugar iron, motility, 

and urease tests for Gram-negative 

bacteria. 

Antibiogram profiling

A n  a n t i b i o g r a m  p r o fi l e  o f 

isolates was performed on Mueller-

Hinton agar (Laborlar,  Istanbul, 

Türkiye) using the Kirby-Bauer’s 

disk diffusion method (Bauer  e t 

al, 1966).  Commercially available 

a n t i b i o t i c  d i s k s  ( B i o a n a l y s e , 

Ankara, Türkiye) were incubated 

for 24 hours at  37 °C.  Zones of 

inhibition were measured using a 

caliper and results were interpreted 

a c c o r d i n g  t o  t h e  C l i n i c a l  a n d 

L a b o r a t o r y  S t a n d a r d s  I n s t i t u t e 

( C L S I )  g u i d e l i n e s  t o  c l a s s i f y  a 

m i c r o o r g a n i s m  a s  s e n s i t i ve  o r 

resistant to the test  drug (CLSI, 

2020).

Statistical analysis

M i c r o o r g a n i s m  t y p e s  a n d 

antibiogram results were reported 

as percentages.  Group differences 

were tested using the χ2 method, 

wi th  s ignificance  se t  a t  p-value 

<0.05.  Data were analyzed using 

s t a t e  f u l l  t e r m  o f  S P S S  ( S P S S ) 

vers ion 22  ( IBM Corp,  Armonk, 

NY).

Ethical considerations

The research protocols  were 

approved by the Ethics Committee 

o f  M o g a d i s h u  S o m a l i  T ü r k i y e 

Recep Tayyip Erdoğan Training and 

Research Hospital  (approval no. 

05.02.2024/923, MSTH/17196).  Prior 

informed consents were not obtained 

from the participants due to the 

nature of the study (retrospective 

review of anonymized records).

RESULTS

Clinical specimens (n = 1,424; 
638 (44.8%) in 2022 and 786 (55.2%) 
i n  2 0 2 3 )  we r e  s u b m i tt e d  t o  t h e 
l a b o r a t o r y  f o r  m i c r o b i o l o g i c a l 
analysis, from which a variety of 
microorganisms [n = 349 (24.5%)] 
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were successfully isolated.  From 
2 0 2 2  t o  2 0 2 3 ,  t h e  f r e q u e n c y  o f 
almost all microbial species isolated 
increased,  the  except ions  be ing 
coagulase-negative staphylococci 
( C o N S ) ,  w h i c h  d e c r e a s e d  a n d 
Enterococcus spp, which remained 
unchanged (Fig 1).  Notable rises 
were observed for Candida spp, E. 
coli and Klebsiella spp. 

The highest isolation rate (85%) 
o c c u r r e d  i n  t h e  ≤ 1  ye a r  o f  a g e 

group, with E. coli being the most 

predominant (29%),  followed by 

C o N S  ( 2 0 % )  a n d  K l e b s i e l l a  s p p 

(17%) (Table 1).  In the 2-6 years 

of age group, Candida  spp (25%) 

were  predominant ,  fo l lowed by 

Pseudomonas spp (22%) and Klebsiella 

s p p  ( 1 2 % ) .   F o r  t h e  7 - 1 6  ye a r s 

of age group, Candida  spp (26%) 

remained predominant,  followed 

by Staphylococcus aureus (20%).  The 

relat ionship between age group 

Fig 1 - Comparison of pathogens cultured from PICU patients in a tertiary hospital, 

Mogadishu, Somalia, between 2022 and 2023

CoNS: coagulase-negative staphylococci; PICU: pediatric intensive care unit
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and microorganisms is significantly 

different (p-value = 0.001, χ2-test).  

Both males and females were most 

frequently infected with Candida 

spp  (15  and  16% respec t ive ly ) , 

CoNS (17 and 21% respectively), 

E. coli (30 and 18% respectively), 

and  Klebs i e l l a  spp  (16  and  17% 

respectively) (Table 1).  Of the 349 

isolates studied over the 2 years, 

58% were Gram-negative bacteria, 

27% Gram-posit ive bacteria  and 

15% Candida spp.  The distribution 

was as  fol lows (from highest  to 

lowest): E. coli (26%), CoNS (19%), 

Klebsiella spp (17%), Candida  spp 

(15%), Pseudomonas spp (11%), S. 

aureus (7%), Acinetobacter spp (2%), 

and Enterobacter spp, Enterococcus 

s p p  a n d  P r o t e u s  s p p  ( 1 %  e a c h ) 

(Table 1).

T h e  f r e q u e n c y  o f  i n f e c t i o u s 

agents isolated varied depending 

on their clinical source.  The main 

source was blood (73%), followed 

by urine (10%) and then wound 

(7%) (Table 2).  As expected, blood 

samples  y ie lded predominant ly 

E. col i  (32%),  fol lowed by CoNS 

(22%), Klebsiella spp (16%), and then 

Candida spp and Pseudomonas spp 

(9% each).  Of note, nearly equal 

numbers of  Candida  spp isolates 

we r e  o b t a i n e d  f r o m  b l o o d  a n d 

urine (n = 24 and 21 respectively), 

and o f  the  Pro t eus  spp  i so la tes  

(n = 5) with 3 isolates from wound 

whi le  the  remaining  were  f rom 

blood and urine.  The differences 

in  distr ibut ions of  the  infect ive 

microorganisms among the clinical 

sources are statistically significant 

(p-value <0.001, χ2-test) (Table 2).

Of the Gram-positive bacteria 

i s o l a t e s ,  t h e  m a j o r i t y  o f  C o N S 

i so la tes  (n =  65)  were  res i s tant 

t o  c i p r o fl o x a c i n ,  c l i n d a m y c i n , 

e r y t h r o m y c i n ,  f u s i d i c  a c i d , 

l e v o fl o x a c i n ,  a n d  t e t r a c y c l i n e , 

b u t  s e n s i t i v e  t o  c e f o x i t i n , 

daptomycin, gentamicin, linezolid, 

quinupr i s t ine /da l fopr i s t in ,  and 

teicoplanin (Table 3).  The majority 

of S. aureus isolates (n = 25) were 

resistant to cefoxitin, but sensitive 

t o  c i p r o fl o x a c i n ,  c l i n d a m y c i n , 

daptomycin, erythromycin, fusidic 

a c i d ,  g e n t a m i c i n ,  l e v o fl o x a c i n , 

l i n e z o l i d  ( a l l  i s o l a t e s ) , 

q u i n u p r i s t i n e / d a l f o p r i s t i n  ( a l l 
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isolates), teicoplanin (all isolates), 

and tetracycline.  The majority of 

Enterococcus  spp isolates (n = 4) 

were resistant to gentamicin (50% 

of the isolates) and penicillin G, but 

sensitive to daptomycin, gentamicin 

(50% of the isolates), linezolid (all 

isolates), quinupristine/dalfopristin 

( a l l  i s o l a t e s ) ,  t e i c o p l a n i n  ( a l l 

isolates),  and vancomycin (Table 

3).  The most effective antibiotics 

w e r e  d a p t o m y c i n ,  l i n e z o l i d , 

quinupr i s t ine /da l fopr i s t in ,  and 

t e i c o p l a n i n .   T h e  d i ff e r e n c e s 

between antibiotic susceptibil ity 

a n d  r e s i s t a n c e  o f  C o N S , 

Enterococcus spp and S. aureus are 

stat is t ica l ly  s ignificant  (p-value 

<0.05) for cefoxitin, ciprofloxacin, 

clindamycin, erythromycin, fusidic 

acid, gentamicin, and levofloxacin. 

Of the Gram-negative bacteria 

i so la tes ,  the  ma jor i ty  o f  E.  co l i 

i so la tes  (n =  73)  were  res i s tant 

t o  a m o x i c i l l i n / c l a v u l a n i c  a c i d , 

ampic i l l in/sulbactam,  cefepime, 

c e f u r o x i m e ,  t e t r a c y c l i n e ,  a n d 

t r imethoprim/sulfamethoxazole , 

b u t  s e n s i t i v e  t o  a m i k a c i n , 

c e f t a z i d i m e ,  c i p r o fl o x a c i n , 

g e n t a m i c i n ,  m e r o p e n e m ,  a n d 

t a z o b a c t a m / p i p e r a c i l l i n  ( Ta b l e 

4).  The majority of Klebsiella spp 

i so la tes  (n =  49)  were  res i s tant 

t o  a m o x i c i l l i n / c l a v u l a n i c  a c i d , 

ampic i l l in/sulbactam,  cefepime, 

cef taz id ime,  c iprofloxac in  (50% 

o f  t h e  i s o l a t e s ) ,  g e n t a m i c i n , 

t a z o b a c t a m / p i p e r a c i l l i n ,  a n d 

tr imethoprim/sulfamethoxazole , 

b u t  s e n s i t i v e  t o  a m i k a c i n , 

ciprofloxacin (50% of the isolates), 

imipenem, and meropenem.  The 

m a j o r i t y  o f  P s e u d o m o n a s  s p p 

isolates (n = 37) were resistant to 

ampicillin/sulbactam, but sensitive 

to amikacin, cefepime, ceftazidime, 

c i p r o fl o x a c i n ,  i m i p e n e m , 

m e r o p e n e m ,  a n d  t a z o b a c t a m /

p i p e r a c i l l i n .   T h e  m a j o r i t y  o f 

Acinetobacter spp isolates (n = 7) were 

resistant  to  amikacin,  cefepime, 

c e f t a z i d i m e ,  c i p r o fl o x a c i n , 

gentamicin, imipenem, meropenem, 

t a z o b a c t a m / p i p e r a c i l l i n ,  a n d 

tr imethoprim/sulfamethoxazole , 

b u t  n o n e  we r e  s e n s i t i ve  t o  t h e 

antibiotics tested.   The majority 

of Proteus spp isolates (n = 5) were 

resistant to amoxicillin/clavulanic 
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Table 3

Antibiogram profile of Gram-positive bacteria cultured from PICU patients in a 
tertiary hospital, Mogadishu, Somalia, January 2022 - December 2023

Antibiotic and test result Frequency, n (%) p-value*

CoNS
(N = 65)

Staphylococcus 
aureus (N = 25)

Enterococcus
spp (N = 4)

Cefoxitin† 0.003

Sensitive 38 (58) 6 (24) N/A

Resistant 27 (42) 19 (76) N/A

Gentamicin 0.003

Sensitive 36 (55) 23 (92) 2 (50)

Resistant 29 (45) 2 (8) 2 (50)

Ciprofloxacin < 0.001

Sensitive 20 (31) 18 (72) N/A

Resistant 45 (69) 7 (28) N/A

Linezolid 0.628

Sensitive 63 (97) 25 (100) 4 (100)

Resistant 2 (3) 0 (0) 0 (0)

Quinupristine/dalfopristin 0.612

Sensitive 62 (95) 25 (100) 4 (100)

Resistant 3 (5) 0 (0) 0 (0)

Teicoplanin 0.453

Sensitive 60 (92.3) 25 (100) 4 (100)

Resistant 5 (7.7) 0 (0) 0 (0)

Penicillin G N/A

Sensitive N/A N/A 1 (25)

Resistant N/A N/A 3 (75)
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Table 3 (cont)

Antibiotic and test result Frequency, n (%) p-value*

CoNS
(N = 65)

Staphylococcus 
aureus (N = 25)

Enterococcus
spp (N = 4)

Daptomycin 0.141

Sensitive 64 (98) 24 (96) 3 (75)

Resistant 1 (2) 1 (4) 1 (25)

Fusidic acid <0.001

Sensitive 30 (46) 23 (92) N/A

Resistant 35 (54) 2 (8) N/A

Erythromycin 0.004

Sensitive 21 (32) 17 (68) N/A

Resistant 44 (68) 8 (32) N/A

Clindamycin 0.009

Sensitive 29 (45) 19 (76) N/A

Resistant 36 (55) 6 (24) N/A

Tetracycline 0.009

Sensitive 28 (43) 19 (76) N/A

Resistant 37 (57) 6 (24) N/A

Levofloxacin <0.001

Sensitive 18 (28) 19 (76) N/A

Resistant 47 (72) 6 (24) N/A

Vancomycin N/A

Sensitive N/A N/A 3 (75)

Resistant N/A N/A 1 (25)

*Statistically significant when p-value <0.05 using the χ2 test for comparison of the 
distribution of infective Gram-positive microorganisms among different antibiotic 
susceptibility and resistance rates
†Cefoxitin disk was used to detect methicillin resistance.

CoNS: coagulase-negative staphylococci; N/A: not available; PICU: pediatric intensive 
care unit
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a c i d ,  a m p i c i l l i n / s u l b a c t a m , 
cefepime, cefuroxime (all isolates), 
te tracycl ine ,  and tr imethoprim/
sul famethoxazole ,  but  sensi t ive 
t o  a m i k a c i n ,  c e f t a z i d i m e , 
c i p r o fl o x a c i n ,  g e n t a m i c i n , 
m e r o p e n e m  ( a l l  i s o l a t e s ) ,  a n d 
t a z o b a c t a m / p i p e r a c i l l i n .   T h e 
majority of Enterobacter spp isolates 
(n = 3) were resistant to amoxicillin/
c l a v u l a n i c  a c i d  ( a l l  i s o l a t e s ) , 
c e f t a z i d i m e ,  c e f u r o x i m e  ( a l l 
isolates), tazobactam/piperacillin, 
and tetracycline (all isolates), but 
were  sens i t ive  to  amikac in  (a l l 
i so la tes ) ,  ampic i l l in /su lbac tam, 
c e f e p i m e ,  c i p r o fl o x a c i n  ( a l l 
isolates), gentamicin (all isolates), 
m e r o p e n e m  ( a l l  i s o l a t e s ) ,  a n d 
t r imethopr im/sul famethoxazole 
(all isolates).   The most effective 
drugs were amikacin, gentamicin, 
and meropenem (Table  4 ) .   The 
d i ff e r e n c e s  b e t w e e n  a n t i b i o t i c 
susceptibility and resistance of the 
Gram-negat ive  bacter ia  i solates 
are statistically significant (p-value 
< 0 . 0 5 )  f o r  a m i k a c i n ,  c e f e p i m e , 
c e f t a z i d i m e ,  c i p r o fl o x a c i n , 
g e n t a m i c i n ,  a n d  t r i m e t h o p r i m /
sulfamethoxazole (Table 4). 

The  ant ib iot ic  suscept ib i l i ty 

test ing has revealed that  out  of 

268 bacterial isolates, 202 (75.4%) 

were found to be MDR strains and 

65 (69.1%) out of 94 Gram-positive 

isolates were MDR while out of 174 

Gram-negative isolates, 137 (78.7%) 

were MDR.

DISCUSSION

We retrospectively examined 

records of bacterial isolates from 

clinical samples of PICU patients 

in a tertiary hospital, Mogadishu, 

from 2022 to 2023.  Of the 1,424 

c u l t u r e  s a m p l e s  a n a l y z e d ,  3 4 9 

(24.5%) yielded posit ive results .  

Our findings are close to the 21.6% 

cul ture  posi t iv i ty  rate  reported 

in a  s imilar  study conducted in 

Ethiopia (Amsalu et al, 2024), but 

lower than in Bangladesh (13.6%), 

and India  (19%) (Chowdhury  e t 

a l ,  2 0 2 2 ;  M o g a s a l e  e t  a l ,  2 0 2 1 ) .  

These differences may result from 

variations in patient characteristics, 

s a m p l i n g  m e t h o d s ,  g e o g r a p h y , 

epidemiology, and antibiotic usage 

policies.

The most frequently isolated 



479

PEDIATRIC ICU INFECTION ANTIBIOGRAM, MOGADISHU, SOMALIA

Vol 56  No.4  July  2025

organisms  were  Gram-negat ive 

b a c t e r i a  ( 5 8 % ) ,  f o l l o w e d  b y 

Gram-positive bacteria (27%) and 

then fungi (15%).   This result  is 

concurring with other reports from 

India, Saudi Arabia, Romania, and 

China (Sharma et al, 2020; Bazaid 

et al, 2023; Prajescu et al, 2023; Li 

et al, 2024).  We observed that the 

isolation rate for the microbiological 

s p e c i e s  i n  2 0 2 3  i s  s i g n i fi c a n t l y 

higher (or remained unchanged) 

compared to 2022, except for CoNS.  

Similar trends have been reported 

in Türkiye and China (Atici  et al , 

2016; Li et al, 2024).  The observed 

decrease in CoNS isolation may be 

attributed to several factors.  CoNS 

are common skin commensals and 

frequently considered contaminants 

in blood cultures, particularly when 

aseptic techniques are suboptimal.  

Improved blood culture collection 

procedures and stricter adherence 

to infection control practices may 

have reduced contamination rates, 

thereby lowering the number of CoNS 

isolates reported.   Additionally, 

i n c r e a s e d  a w a r e n e s s  a m o n g 

c l in i c ians  about  d i s t inguish ing 

true bloodstream infections from 

c o n t a m i n a n t s  m a y  h a ve  l e d  t o 

more selective reporting of CoNS 

findings.

We observed that the highest 

infection prevalence occurred in 

the ≤1 year of age group, consistent 

w i t h  p r e v i o u s  fi n d i n g s  f r o m 

B a n g l a d e s h ,  S y r i a ,  a n d  C h i n a 

(Chowdhury et al, 2022; Kahal et al, 

2023; Li et al, 2024).  This may be 

explained by immature immunity 

and a phenomenon called “disease 

tolerance” (Harbeson et al ,  2018).  

Positive cultures were 2-fold more 

common in males than females, in 

agreement with other studies in 

India, Southern Ethiopia, Türkiye, 

and  China  (Sharma  e t  a l ,  2020 ; 

Hailemariam  e t  a l ,  2021;  Ciğerci 

Günaydin et al, 2022; Li et al, 2024), 

but the converse in Syria (Kahal et 

al, 2023).  The higher rate of positive 

cultures in boys compared to girls 

may be due to various biological 

and environmental factors.  These 

i n c l u d e :  b i o l o g i c a l l y ,  m e n  a r e 

k n o w n  t o  h a v e  w e a k e r  i n n a t e 

and adaptive immune responses 

than women.   This  is  related to 
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the  presence  of  X-chromosome-

l i n k e d  i m m u n i t y - r e l a t e d  g e n e s 

and immune-boosting hormones 

such as estrogen in women (Klein 

and Flanagan, 2016; Forsyth et al, 

2024).  These immune differences 

may make men more susceptible 

to  infect ions and cause them to 

progress more easily.  Furthermore, 

the higher rate of hospitalizations, 

more frequent invasive procedures, 

or  ear l ier  referral  to  heal thcare 

b y  t h e i r  f a m i l i e s  i n  b o y s  m a y 

contr ibute  to  the  higher  rate  of 

positive cultures in men compared 

to girls.

CoNS was the most frequent of 

the Gram-positive bacteria isolates, 

fo l lowed by  S.  aureus  and then 

Enterococcus  spp,  as  reported in 

Bangladesh, and India (Chowdhury 

e t  a l ,  2022 ;  Sharma  e t  a l  (2024) .  

CoNS, a common skin flora, was long 

considered a contaminant (Hall and 

Lyman, 2006); however, it is now 

increasingly accepted as a major 

cause of nosocomial infections in 

immunocompromised children and 

patients with invasive procedures 

l ike  mechanical  vent i la t ion and 

catheterization (Amsalu et al, 2024).  

Sharma et al (2024) from India noted 

that the increasing use of invasive 

devices in ICUs likely contributes 

to the pathogenic shift  of CoNS, 

elevating antimicrobial resistance 

p r e va l e n c e ,  r a i s i n g  h e a l t h c a r e 

costs, and adverse outcomes.

E. coli the most frequent of the 

Gram-negative bacteria isolates, 

followed by Klebsiella spp and then 

Pseudomonas spp, with Acinetobacter 

spp, Enterobacter spp and Proteus 

spp at  much lower  frequencies .  

These findings were consistent with 

studies from India and Romania 

(Mogasale et al, 2021; Prajescu et al, 

2023); however, Bazaid et al (2023) 

(in Saudi Arabia) reported MRSA 

as the most frequent, Elghanam et 

al  (2024) (in Egypt) Klebsiella spp 

and Sharma et al (2024) (in India) 

Acinetobacter spp.  These variations 

may result from differences in study 

d e s i g n ,  b a c t e r i a l  i d e n t i fi c a t i o n 

methods, geographic regions, and 

population dynamics.

We observed that most microbial 

isolates (73%) were cultured from 

blood  spec imens ,  in  agreement 
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with reports  from India (41.4%) 

and Türkiye (50%) (Sharma  et al , 

2024; Avcı and Atıkan, 2021).  E. 

coli was the most frequent pathogen 

in blood samples.  de la Torre  et 

al (2017) reported a similar result 

from Spain.

We noted methicillin resistance 

(MR) was present in 41 and 76% of 

CoNS and S. aureus isolates.  Duman 

e t  a l  (2011)  in  Türkiye reported 

64.4% MRCoNS and 30.8% MRSA, 

Rutare (2013) in Kenya 64.1 and 

46.5%, Sharma et al (2020) in India 

75 and 33%, and Sharma et al (2024) 

in India 60 and 70% respectively.  

These differences may stem from 

antibiotic misuse, over-the-counter 

access and weak infection control 

policy. 

In our study, the majority of 

Gram-pos i t ive  bac ter ia  i so la tes 

we r e  s e n s i t i ve  t o  d a p t o m y c i n , 

linezolid, quinupristin-dalfopristin, 

and teicoplanin, concordant with 

p r e v i o u s  fi n d i n g s  i n  T ü r k i y e , 

Romania, Egypt, India (Ergül et al, 

2017; Prajescu et al, 2023; Elghanam 

et al, 2024; Sharma et al, 2024), while 

t h e  m a j o r i t y  o f  G r a m - n e g a t i ve 

bacter ia  i so la tes  were  sens i t ive 

t o  a m i k a c i n ,  g e n t a m i c i n  a n d 

meropenem, similar to the report 

of Ergül et al (2017) in Türkiye.

We  o b s e r v e d  t h a t  m o s t  E . 

c o l i  i s o l a t e s  w e r e  r e s i s t a n t  t o 

amoxicillin/clavulanic acid (84%), 

a m p i c i l l i n  ( 8 9 % ) ,  c e f u r o x i m e 

(90%),  and tetracycl ine (84.2%), 

but sensitive to amikacin (88%), 

gentamicin (81%), and meropenem 

(85%).  These findings are consistent 

(in part) with the findings of Ergül 

e t  a l .  ( 2 0 1 7 )  i n  T ü r k i ye ,  w h i l e 

Prajescu  et  al  (2023) in Romania 

observed E. coli isolates (67.63%) 

are ampicillin-resistant. 

We observed that most Klebsiella 

s p p  i s o l a t e s  w e r e  r e s i s t a n t  t o 

ampicillin (90%) and trimethoprim-

s u l f a m e t h o x a z o l e  ( 8 4 % ) ,  b u t 

susceptible to imipenem (73%) and 

meropenem (69%).  These results 

align with those of Ergül et al (2017) 

(Türk iye ) .   On  the  o ther  hand , 

Khan et al (2021) (Pakistan) found 

Klebs i e l l a  spp isolates  are  100% 

resistant to imipenem and 25% to 

meropenem.  Sharma  et al  (2024) 

(India) noted 71.42 and 78.57% of 
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isolates are resistant to ceftriaxone 

and cefepime respectively, but only 

0, 14.28, 21.42, and 28.57% resistant 

to colistin, tigecycline, imipenem, 

a n d  m e r o p e n e m .   E l g h a n a m  e t 

a l  ( 2 0 2 4 )  ( E g y p t )  r e p o r t e d 

i s o l a t e s ’  r e s i s t a n c e  r a n g i n g  3 2 

(tigecycline)-99% (cefazolin).

P .  a e r u g i n o s a  e r a d i c a t i o n  i s 

increasingly  chal lenging due to 

its strong intrinsic and acquired 

antibiotic resistance mechanisms 

( K a h a l  e t  a l ,  2 0 2 3 ) .   We  n o t e d 

P s e u d o m o n a s  s p p  i s o l a t e s  we r e 

7 0 %  r e s i s t a n t  t o  a m p i c i l l i n /

su lbac tam but  most ly  sens i t ive 

to  amikac in  (86%) ,  ce f taz id ime 

(86%) ,  c iprofloxac in  (84%) ,  and 

meropenem (81%).  These results 

align with those of Prajescu  et al 

(2023) in Romania.  Khan et al (2021) 

in Pakistan reported over 75% of 

isolates are resistant to most tested 

antibiotics ,  but  not  meropenem.  

Kahal et al (2023) in Syria observed 

above  80% of  i so la tes  res i s tant 

to most tested antibiotics except 

cefpodoxime and colistin.  On the 

other hand, Chowdhury et al (2022) 

in Bangladesh found much lower 

resistance, ranging from 0 to 50% of 

the Pseudomonas spp isolates.

A. baumannii  is  a  mult idrug-

r e s i s t a n t  p a t h o g e n  t h a t  p o s e s 

s e r i o u s  r i s k s ,  e s p e c i a l l y  t o 

i m m u n o c o m p r o m i s e d  p a t i e n t s 

(Ergül  et al ,  2017).  We observed 

Acinetobacter spp isolates showing 

high resistance to ceftazidime and 

t r imethopr im-sul famethoxazole 

( 8 6 %  e a c h ) ,  b u t  h a l f  a s  m u c h 

t o  a m i k a c i n ,  g e n t a m i c i n  a n d 

m e r o p e n e m  ( 4 3 %  e a c h ) .   E r g ü l 

e t  a l  ( 2017)  (Türkiye)  found no 

r e s i s t a n c e  o f  A c i n e t o b a c t e r  s p p 

isolates to colistin but over 90% 

r e s i s t a n c e  t o  o t h e r  a n t i b i o t i c s .  

S h a r m a  e t  a l  ( 2 0 2 4 )  ( I n d i a ) 

reported similar phenomena, with 

col ist in,  imipenem, meropenem, 

minocycline, and tigecycline being 

the most effective antibiotics. 

We  o b s e r v e d  t h a t  P r o t e u s 

s p p  i s o l a t e s  s h o w e d  1 0 0 % 

resistance to cefuroxime, and 80% 

t o  a m i n o g l y c o s i d e s  a n d  b e t a -

lactams,  but 100% susceptibil i ty 

to meropenem.  Chakraborty et al 

(2023) reported 100% resistance of 

Proteus spp isolates from pediatric 
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p a t i e n t s  t o  a m i n o g l y c o s i d e s , 

beta- lactams,  carbapenems,  and 

second-generation cephalosporins.  

Kahal et al (2023) (Syria) reported 

1 0 0 %  r e s i s t a n c e  o f  i s o l a t e s  t o 

cephalosporin cefuroxime.

MDR organisms pose a significant 

global threat to pediatric patients 

i n  i n t e n s i ve  c a r e  u n i t s .   T h e s e 

pathogens  compl ica te  in fec t ion 

control and are associated with high 

mortality rates.  Furthermore, the 

prevalence of resistant pathogens 

increases the need for more costly 

t r e a t m e n t  o p t i o n s ,  p l a c i n g  a n 

addi t ional  economic  burden on 

the healthcare system (Ibrahim  et 

al, 2019).  In our study, 202 of the 

268 bacterial isolates (75.4%) were 

identified as multidrug-resistant 

( M D R ) ,  w i t h  M D R  o b s e r ve d  i n 

69.1% of Gram-positive and 78.7% 

of Gram-negative strains.  When 

compared to findings from other 

r e g i o n s ,  o u r  o ve r a l l  M D R  r a t e 

was lower than that reported by 

Elghanam  e t  a l  (2024)  in  Egypt , 

where  91% of  318  isolates  were 

classified as MDR, including 92% 

of Gram-positive and 90% of Gram-

negative strains .   However,  our 

M D R  r a t e  wa s  n o t a b l y  h i g h e r 

t h a n  t h e  5 2 %  r e p o r t e d  a t  K i n g 

Chulalongkorn Memorial Hospital 

in Thailand (Sritippayawan  et al , 

2 0 0 9 ) .   S u c h  d i s p a r i t i e s  a c r o s s 

studies may be attributed to several 

factors ,  including differences in 

patient  populat ions,  geographic 

and demographic contexts, sample 

sizes, antimicrobial usage patterns, 

and the extent to which infection 

prevention and control strategies 

are effectively implemented.

I n  c o n c l u s i o n ,  we  r e p o r t e d 

that in a pediatric intensive care 

unit (PICU) of a tertiary hospital, 

Mogadishu, as in other hospitals 

in Somalia and worldwide, Gram-

negative bacteria were the most 

common nosocomial  pathogens .  

Coagulase-negative staphylococci 

and E. coli  was the predominant 

Gram-positive and -negative species 

respect ively ,  as  wel l  as  Candida 

spp.  The frequency of resistance 

among the bacteria  isolates  was 

alarmingly high, especially against 

a m o x i c i l l i n / c l a v u l a n i c  a c i d , 

ampicillin/sulbactam, cefuroxime, 



484

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.4  July  2025

te tracycl ine ,  and tr imethoprim/

sulfamethoxazole.  Such resistance 

limits the effectiveness of empirical 

a n t i b i o t i c  t h e r a p y .   T h e r e f o r e , 

p r e s e r v i n g  p o t e n t  a n t i b i o t i c s 

i s  c r u c i a l .   H a v i n g  u p - t o - d a t e 

a n t i b i o g r a m  p r o fi l e s  w i l l  h e l p 

prevent unnecessary antibiotic use, 

a n d  i m p l e m e n t i n g  s t e wa r d s h i p 

programs, strengthening infection 

c o n t r o l  a n d  i n c r e a s i n g  p u b l i c 

a wa r e n e s s  o f  a p p r o p r i a t e  d r u g 

use are vital programs to combat 

multidrug resistance in PICUs in 

Somalia and elsewhere.

ACKNOWLEDGEMENTS

The authors would like to thank 

the clinical microbiology laboratory 

staff,  education department and 

administrators. 

CONFLICT OF INTEREST 

DISCLOSURE

The authors declare no conflict 

of interest.

REFERENCES

Amsalu G, Moges F, Bayu G, Gelaw 

B. Magnitude and antimicrobial 

susceptibility profile of bacteria 

i s o l a t e d  f r o m  p e d i a t r i c  s e p s i s 

c a s e s  a t  U n i ve r s i t y  o f  G o n d a r 

H o s p i t a l ,  N o r t h we s t  E t h i o p i a . 

BMC Pediatrics 2024; 24(1): 491.

Anyaegbunam ZKG, Mba IE, Doowuese 

Y,  et al .  Antimicrobial resistance 

conta inment  in  Afr ica :  moving 

beyond surveillance. Biosaf Health 

2023; 6(1): 50-8. 

Atici S, Soysal A, Kadayifci EK, et al. 

Healthcare-associated infections in 

a newly opened pediatric intensive 

care  uni t  in  Turkey :  resul t s  o f 

four-year surveillance. J Infect Dev 

Ctries 2016; 10(3): 254-9. 

Av c u  G ,  At i k a n  B Y.  H e a l t h c a r e -

associated infections at a tertiary 

level pediatric intensive care unit 

from Turkey. J  Pediatr Res 2021; 

8(3): 246-50. 

B a u e r  AW,  K i r b y  W M ,  S h e r r i s  J C , 

Turck M. Antibiotic susceptibility 

testing by a standardized single 

disk method. Am J Clin Pathol 1966; 

45(4): 493-6.

Bazaid AS, Aldarhami A, Bokhary NA, 

et al. Prevalence and risk factors 

assoc ia ted  wi th  drug  res i s tant 

bacteria in neonatal and pediatric 



485

PEDIATRIC ICU INFECTION ANTIBIOGRAM, MOGADISHU, SOMALIA

Vol 56  No.4  July  2025

intensive care units: a retrospective 

study in Saudi Arabia.  Medicine 

(Baltimore) 2023; 102(42): e35638. 

Chakraborty M, Sardar S, De R, et al. 

Current trends in antimicrobial 

res is tance  patterns  in  bacter ia l 

p a t h o g e n s  a m o n g  a d u l t  a n d 

pediatric patients in the intensive 

care unit in a tertiary care hospital 

in Kolkata, India. Antibiotics (Basel) 

2023; 12(3): 459.

Chowdhury  MJBA,  Chowdhury  D , 

Choudhury Z, et al. Bacteriological 

profile and antibiotic sensitivity 

pattern of blood culture ısolates 

in pediatr ic  ıntensive care unit 

( P I C U )  o f  C h i tt a g o n g  M e d i c a l 

College Hospital. J Chittagong Med 

Coll Teach Assoc 2022; 33(2): 37-42. 

Ciğerci  Günaydin N, Durmaz Çetin 

B ,  B a y r a k t a r  B ,  Ç e t i n k a y a  F . 

Evaluation of  culture results  in 

pediatric clinics of the training and 

research hospital. Nam Kem Med J 

2022; 10(2): 155-62. 

Cl in ica l  and Laboratory  Standards 

I n s t i t u t e  ( C L S I ) .  Pe r f o r m a n c e 

s t a n d a r d s  f o r  a n t i m i c r o b i a l 

susceptibility testing susceptibility 

t e s t i n g .  3 0 t h  e d .  Wa y n e ,  PA : 

Clinical and Laboratory Standards 

Institute; 2020.

de la Torre M, de Lucas N, Velasco 

R ,  Gómez B ,  Mintegi  S ,  Group 

for  the  Study of  Febr i le  Infant 

of  the RISeuP-SPERG Network. 

A e t i o l o g y  a n d  o u t c o m e s  o f 

potentially serious infections in 

febrile infants less than 3 months 

old. An Pediatr (Barc) 2017; 87(1): 

42-9. [in Spanish] 

D u m a n  Y,  K u z u c u  Ç ,  Ç u ğ l a n  S S . 

B a c t e r i a  i s o l a t e d  f r o m  b l o o d 

cultures and their antimicrobial 

susceptibility. Erciyes Med J 2011; 

33(3): 189-96. [in Turkish]

Edwardson S, Cairns C. Nosocomial 

i n f e c t i o n s  i n  t h e  I C U .  A n a e s t h 

Intensive Care Med 2019; 20(1): 14-8. 

Elghanam M, Emara M, Abdelhalim 

M, Moustafa W. Prevalence and 

a n t i b i o t i c  r e s i s t a n c e  p a tt e r n s 

o f  m u l t i d r u g - r e s i s t a n t  ( M D R ) 

bacteria isolated from pediatric 

intensive care units. Egypt J Med 

Microbiol 2024; 33(1): 119-28. 

Ergül AB, Işık H, Altıntop YA, Torun 

YA.  A retrospect ive  evaluat ion 

of blood cultures in a pediatric 

intensive care unit:  a three year 

evaluation. Turk Pediatri Ars 2017; 

52(3): 154-61. 



486

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.4  July  2025

Ferraz MP. Antimicrobial resistance: 

the impact from and on society 

according to One Health approach. 

Societies 2024; 14(9): 187. 

Forsyth KS,  J iwrajka N, Lovell  CD, 

Toothacre NE, Anguera MC. The 

X-quisite X-ception: sex differences 

with immune responses. Nat Rev 

Immunol 2024; 24(7): 487-502.

Founou RC, Blocker AJ, Noubom M, 

et al. The COVID-19 pandemic: a 

threat to antimicrobial resistance 

containment. Future Sci OA 2021; 

7(8): FSO736. 

Hailemariam M, Alemayehu T, Tadesse 

B, et al. Major bacterial isolate and 

antibiotic resistance from routine 

c l i n i c a l  s a m p l e s  i n  S o u t h e r n 

Ethiopia. Sci Rep 2021; 11(1): 19710. 

Hall KK, Lyman JA. Updated review of 

blood culture contamination. Clin 

Microbiol Rev 2006; 19(4): 788-802.

Harbeson D, Ben-Othman R, Amenyogbe 

N, Kollmann TR. Outgrowing the 

i m m a t u r i t y  m y t h :  t h e  c o s t  o f 

defending from neonatal infectious 

disease.  Front  Immunol  2018;  9 : 

1077. 

H a s s a n  S A ,  M o h a m m e d  D i r i e  A , 

A h m e d  N R ,  O m a r  A I .  U p d a t e 

o n  a n t i m i c r o b i a l  r e s i s t a n c e  i n 

Somalia: current status, challenges, 

o p p o r t u n i t i e s ,  a n d  f u t u r e 

perspectives. Heliyon 2024; 10(20): 

e39434. 

Ibrahim H, Taha GE, Ibrahim N, El 

Malah W, Anwar M. Prevalence of 

multidrug resistant organisms in 

neonatal and pediatric intensive 

care Units of Beni-Suef University 

Hospital .  Egypt  J  Med Microbiol 

2019; 28(2): 27-35.

Kahal F, Helwani A, Torbey A, Alsaadi A, 

Mohsen F, Bani MA. Antimicrobial 

resistance patterns in paediatric 

infections at Damascus Hospital, 

Syria: a retrospective cohort study. 

Ann Med Surg (Lond) 2023; 85(3): 

418-23. 

K h a n  M S ,  K a r e e m  A ,  F a t i m a  K , 

R a u f  S ,  K h a l i d  A ,  B a s h i r  M S . 

Microbial patterns and antibiotic 

suscept ib i l i ty  in  b lood cul ture 

isolates of septicemia suspected 

children in the Pediatrics Ward 

of a tertiary care hospital.  J  Lab 

Physicians 2021; 13(1): 64-9. 

Klein SL, Flanagan KL. Sex differences 

in  immune  responses .  Nat  Rev 

Immunol 2016; 16(10): 626-38.



487

PEDIATRIC ICU INFECTION ANTIBIOGRAM, MOGADISHU, SOMALIA

Vol 56  No.4  July  2025

Li C, Wang X, Rao J, Zeng Y, Liu J, Tang F. 

Investigating the distribution and 

antibiotic resistance of bacterial 

pathogens in clinical  specimens 

from a Chinese maternal and child 

hospital: the role of environmental 

factors. Infect Drug Resist 2024; 17: 

2261-72. 

Mogasale VV, Saldanha P, Pai V, Rekha 

PD,  Mogasale  V.  A descr ipt ive 

analysis of antimicrobial resistance 

patterns of WHO priority pathogens 

isolated in children from a tertiary 

care hospital in India. Sci Rep 2021; 

11(1): 5116. 

Moo CL,  Yang  SK,  Yusoff K,  e t  a l . 

M e c h a n i s m s  o f  a n t i m i c r o b i a l 

resistance (AMR) and alternative 

approaches  to  overcome AMR. 

Curr  Drug Discov  Technol  2020 ; 

17(4): 430-47. 

O ’ N e i l l  J .  Ta c k l i n g  d r u g - r e s i s t a n t 

infect ions globally:  final  report 

and recommendations. The review 

on antimicrobial resistance, 2016 

[cited 2024 Dec 19]. Available from: 

URL: https://amr-review.org/sites/

d e f a u l t / fi l e s / 1 6 0 5 1 8 _ F i n a l % 2 0

paper_with%20cover.pdf

Prajescu B, Gavriliu L, Iesanu MI,  et 

al. Bacterial species and antibiotic 

resistance - a retrospective analysis 

of bacterial cultures in a pediatric 

hospital. Antibiotics (Basel) 2023; 

12(6): 966. 

R o s e n t h a l  V D ,  B i j i e  H ,  M a k i  D G , 

e t  a l .  Internat ional  Nosocomial 

I n f e c t i o n  C o n t r o l  C o n s o r t i u m 

(INICC) report, data summary of 

36 countries for 2004-2009. Am J 

Infect Control 2012; 40(5): 396-407. 

Rutare S.  Prevalence of methicil l in-

r e s i s t a n t  S t a p h yl o c o c c u s  a u r e u s 

(MRSA) among paediatric patients 

admitted in  intensive  care  unit 

and neonatal intensive care unit 

at  Kenyatta Nat ional  Hospi ta l -

N a i r o b i ,  K e n ya  [ d i s s e r t a t i o n ] . 

N a i r o b i ,  K e n ya :  U n i ve r s i t y  o f 

Nairobi; 2013.

Sharma PK, Kumar M, Sahani A, et al. 

Evaluation of antibiotics use in a 

tertiary care pediatric intensive 

care and high-dependency unit. J 

Pediatr Crit Care 2020; 7(3): 131-5. 

Sharma R, Saini A, Bairwa RC, Saini 

Y, Singh S. Bacteriological profile 

and antibiotic resistance of culture 

isolates in paediatric intensive care 

unit  in  a  tert iary care teaching 

institute. Eur J Cardiovasc Med 2024; 

14(5): 455-60.



488

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.4  July  2025

S r i t i p p a y a w a n  S ,  S r i - S i n g h  K , 

Prapphal  N,  Samransamrua jk i t 

R, Deerojanawong J.  Multidrug-

r e s i s t a n t  h o s p i t a l - a s s o c i a t e d 

infections in a pediatric intensive 

care unit: a cross-sectional survey 

in a Thai university hospital. Int J 

Infect Dis 2009; 13(4): 506-12.

World Health Organization Regional 

O ffi c e  f o r  S o u t h - E a s t  A s i a 

( W H O  S E A R O ) .  G u i d e l i n e s  o n 

s tandard operat ing  procedures 

for microbiology, 2000 [cited 2024 

Mar  27 ] .  Avai lab le  f rom:  URL: 

h tt p s : / / i r i s . w h o . i n t / b i t s t r e a m /

h a n d l e / 1 0 6 6 5 / 2 0 5 2 0 0 / B 0 2 1 7 .

pdf?sequence=1&isAllowed=y


