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Purpose: This study reports a cross-sectional investigation to determine the antimicrobial 
resistance pattern of the common bacterial contaminants isolated from hospitalized patients 
in Mogadishu, Somalia.
Materials and Methods: A total of 328 clinical samples comprising urine, blood, vaginal 
swab, pus aspirates, and stool were collected from a public hospital located in Mogadishu the 
capital city of Somalia between October 2019 to March 2020. The isolation and biochemical 
characterization of the bacterial isolates were performed using the conventional culture and 
biochemical assay tests. Similarly, antimicrobial susceptibility was determined using the 
Kirby–Bauer disk diffusion.
Results: A total of 275 pathogenic bacteria that include Staphylococcus aureus, Escherichia 
coli, Pseudomonas aeroginosa, Proteus vulgare, Klebsiella pneumonia, and Salmonella spp. 
were detected with an overall detection rate of 78.4% (257/328). Among the bacterial 
pathogens isolated from clinical specimens, 152 (46.3%) were Staphylococcus aureus, 60 
(18.3%) were E. coli, 10 (3.1%) Proteus vulgaris, 6 (1.8%) Klebsiella pneumonia, and 1 
(0.3%) isolate was found to be Salmonella sp. The antimicrobial susceptibility assay revealed 
variable resistance pattern with clindamycin (40%), ampicillin (27%), vancomycin (26%), 
levofloxacin (23%), amoxicillin (20%), ciprofloxacin (18%) and nitrofurantoin (12%) show-
ing the highest rate of resistance. Moreover, evaluation of multidrug resistance showed that 
Staphylococcus aureus had the highest multidrug resistance rate, with 19 isolates showing 
resistance to more than two drugs, followed by E. coli with three isolates. In contrast, each of 
Proteus vulgare, Salmonella sp. and Klebsiella pneumonia had one isolate each that exhib-
ited multidrug resistance characteristics.
Conclusion: The findings of this study showed the occurrence of a number antimicrobial- 
resistant bacterial pathogens whose prevalence varies with age and sex. Therefore, there is 
a need for comprehensive antimicrobial profiling of bacterial isolates during the management 
of patients in the hospital.
Keywords: nosocomial infection, antimicrobial resistance, Somalia, multidrug-resistant 
pathogens, hygiene, sanitation

Introduction
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Proteus mir-
abilis, and Klebsiella pneumonia are adjudged as the most common cause of 
hospital-acquired infections responsible for a wide range of clinical complications 
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including pneumonia, urinary tract infections, and septice-
mia among others.1–3 They constitute an important group 
of opportunistic pathogens that survive in hospital envir-
onments contaminating floors, beds, equipment and med-
ical devices, respiratory airways, and human skins.4 

Unhygienic hospital environment and contaminated medi-
cal devices are believed to be the most common source of 
infection in nosocomial transmission. The pathogens can 
also be transmitted by health personnel during healthcare 
delivery, hence the need for healthcare staff to maintain 
good personal hygiene.5 The incidence of these healthcare- 
associated infections has reached 75% in sub-Saharan 
Africa and has been responsible for 56% of all neonatal 
death.6

The rise of antimicrobial resistance among pathogens 
causing hospital-acquired infections constitutes a serious 
economic and public health problem.7–9 The development 
of resistance follows pathogen mutations due to selective 
pressures from the use and misuse of antimicrobials during 
patient treatment. In resource-poor countries, resistant bac-
terial organisms have made the hospital environment 
a niche with a manifold of opportunities for transmission, 
partly because of the interplay of a high number of sus-
ceptible patients, poor healthcare delivery services, unhy-
gienic state of patients and their relatives as well as the 
unregulated use of antimicrobials.10,11

The population health in Somalia is in a dire state, 
occasioned by famine, malnutrition, displacement as 
a result of the insurgency and civil unrest. In addition to 
the plethora of endemic illnesses such as diarrhoeal dis-
ease, measles, malaria, and acute respiratory illnesses, 
many of the mortalities, especially among children, are 
the result of infection of these antimicrobial-resistant 
pathogens. The infections have led to increased morbidity 
and mortality as well as economic hardship due to pro-
longed hospitalization. Although some investigations have 
been conducted on antimicrobial resistance among 
Escherichia coli in outpatients with urinary tract infec-
tions, as well as Staphylococcus aureus isolated from 
patients with skin wound infection, the present investiga-
tion was undertaken with a wider purview.12,13 The study 
was set out to investigate the prevalence of multidrug- 
resistant pathogenic bacterial organisms from clinical 
samples collected from a public hospital in Mogadishu, 
Somalia, during a five months period. The samples (vagi-
nal swabs, blood, stool, and urine) were collected from the 
patients under hospitalization, and the phenotypic 

characterization of drug resistance among the positive 
isolates was undertaken.

Materials and Methods
Ethics Statement
The study was approved by the ethics committee of the 
SIMAD University (reference number IMRSU/FHMS 
(FR18) P002). All the respondents voluntarily provided 
informed consent for their participation after being ade-
quately informed of the study's aim and objectives accord-
ing to the Declaration of Helsinki.

Study Design and Setting
The participants for the present investigation were patients 
hospitalized at a specialist public-private hospital centrally 
located in the capital city of Mogadishu. The samples were 
collected using a purposive sampling technique where 
patients hospitalized for 48 hours or more are sampled 
before the commencement of antimicrobial therapy. The 
hospital is patronized by residents within the Mogadishu 
city and its neighbouring towns including Baidoa, 
Kismayo, and Galkayo among others. The hospital is 
a 72 beds capacity hospital offering comprehensive health-
care services including public enlightenment on the dan-
gers of emerging infectious diseases in line with the 
Ministry of Health policies to Somalis in the past six 
years.

Sample Population and Sample Size 
Determination
This cross-sectional study was conducted at a public hos-
pital in Mogadishu, Somalia, from October 2019 to 
March 2020. During this investigation, all patients under 
hospitalization for more than 48 hours at different wards, 
including the intensive care unit, surgical wards, medical 
wards, and pediatric wards, were sampled. A total of 328 
samples comprising 231 urine samples, 56 vaginal swabs, 
24 pus aspirates, 14 diarrheal specimens, and three (3) 
blood samples were collected.

The sample size was determined using the 26.5% pre-
valence of Staphylococcus aureus reported by Mohammed 
et al among outpatients with urinary tract infections in 
Somalia.13

The formula N = Z2 P (1-P)/e2 was used for the 
calculation.14

Where Z is 1.96 at 95% confidence interval; P is 
reported prevalence (0.265), and e is 5% margin of error.
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Therefore
N = 3.8416 x 0.256 x 0.735/0.0025 = 299.9
Although 300 samples were targeted, we were able to 

collect 328 samples during the collection period.

Sample Collection and Bacterial 
Identification
After aseptically collecting the samples in sterile specimen 
bottles and liquid media transport swabs (Oxoid), the 
samples were transported to the Bacteriology Laboratory, 
Faculty of Medical Sciences, SIMAD University, 
Mogadishu Somalia in an icebox to prevent them from 
multiplying further. Upon arrival at the laboratory, the 
samples were inoculated onto tryptic soy broth and incu-
bated at 37°C for 24 hours for pre-enrichment. After the 
24 hour pre-enrichment, 100 µL of the overnight culture 
was used to inoculate nutrient agar (Oxoid), blood agar 
(Oxoid) MacConkey agar (Oxoid) plates and incubated for 
24 h at 37 °C and observed for bacterial growth. Grown 
bacterial colonies were subjected to Gram staining, and 
identification was made based on colonial morphological 
characteristics. Presumptive colonies were further evalu-
ated for their biochemical properties including oxidase 
and Simons citrate test, coagulase test, catalase test, moti-
lity assay as well as SIM (hydrogen sulfide production, 
indole, and motility tests).

Antibiotic Susceptibility Testing
The phenotypic antimicrobial susceptibility profile of the 
isolates was conducted using the Kirby–Bauer’s disk 
diffusion method according to the procedure stipulated 
by the Clinical Laboratory Standards Institute (CLSI) 
guidelines.15 The antimicrobial susceptibility assay was 
determined using a panel of 20 antimicrobials including; 
ciprofloxacin (CIP); amikacin (AK); cefotaxime (CTX); 
ceftazidime (CAZ); levofloxacin (LEV); trimethoprim- 
sulfamethoxazole (SXT); meropenem (MRP); 
Ampicillin (AMP); ceftriaxone (CRO); cefuroxime 
(CXM); amoxicillin-clavulanic acid (AUG); nitrofuran-
toin (F); gentamicin (CN); nalidixic acid (NAL); vanco-
mycin (VA); clindamycin (CD); colistin (CST); 
azithromycin (AZM); linezolid (LNZ); norfloxacin 
(NOR). In order not to overestimate the antimicrobial 
resistance characteristics of the isolates, the results were 
documented as either susceptible (which include all sus-
ceptible and intermediately susceptible isolates-S) or 
resistant (R). Similarly, multidrug-resistance (MDR) was 

determined when isolates exhibited resistance to at least 
three or more of the antimicrobials tested. E. coli ATCC 
25922 was used as a control strain.

Statistical Analysis
The results were expressed in percentages, and statistical 
analysis using Chi-square to determine association 
between different variables (age, sex, and sample source) 
was done using SPSS v.25 software. Statistical signifi-
cance was established when p<0.05.

Results
A total of 328 samples comprising 152 urine samples, 56 
vaginal swabs, 24 pus aspirates, 14 stool samples, and three 
(3) blood samples were collected from hospitalized patients 
at the public hospital Mogadishu, Somalia. Among all the 
sources sampled, 257 (78.4%) had bacterial growth. After 
the isolation and biochemical characterization, 152 (46.3%) 
were Staphylococcus aureus, 60 (18.3%) were E. coli, 10 
(3.1%) Proteus vulgaris, 6 (1.8%) Klebsiella pneumonia, 
and 1 (0.3%) isolate was found to be Salmonella sp.

Similarly, the distribution of the bacterial isolates 
according to gender showed a statistically significant asso-
ciation X2 11.158; p = 0.04 (5, n = 328) with sex where the 
isolates from the female patients were the highest with 152 
isolates representing 59% while the male samples had 
a positive growth amounting to 105 which is 40.9% of 
the positive isolates (Figure 1).

Furthermore, in this study, the age predisposition was 
classified into adult and child, and the results showed that 
229 samples were collected from adult male patients with 
179 (69.7%) being culture positive, while a total of 99 
samples were collected from children with 78 (30.4%) 
being culture-positive (Figure 2). The Chi-square analysis 
of this relationship showed that there was a significant 
association between bacterial isolation and the age of the 
patients X2 19.414; p=0.002 (5, n= 328) where adult 
patients were found to be more susceptible.

Antimicrobial susceptibility test conducted for the 275 
isolates against a panel of 20 different antimicrobial drugs is 
presented in Table 1. The study indicated that the drug 
resistance rates of the 275 bacterial isolates varied consider-
ably with clindamycin (40%), ampicillin (27%), vancomy-
cin (26%), levofloxacin (23%), amoxicillin (20%), 
ciprofloxacin (18%) and nitrofurantoin (12%) showing the 
highest rate of resistance. Similarly, multidrug resistance 
profile of the isolates was evaluated based on resistance to 
three or more of the antimicrobials tested, and the results 
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indicated that Staphylococcus aureus had the highest multi-
drug resistance rate with 19 isolates showing resistance to 
more than two drugs, followed by E. coli with three isolates 
while each of Proteus vulgare, Salmonella sp. and Klebsiella 
pneumonia had one isolate each that exhibited multidrug 
resistance characteristics (Figure 3).

Discussion
The overall prevalence of bacterial contamination detected 
in the present investigation revealed a considerably high 
rate of contamination (78.4%). However, the high 

contamination may not be unconnected with the poor 
hygiene of patients and the hospital environment, which 
could pave the way for the increased incidence of nosoco-
mial infections. The study also discovered Staphylococcus 
aureus as the most common bacterial contaminant across 
all the various sampling sources, followed by E. coli and 
P. aeruginosa. Staphylococcus aureus is one of the major 
pathogenic organisms inhabiting the hospital environment 
and has proven to be a serious public health problem 
following the emergence of methicillin-resistant strains 
of the bacteria.16 In the same vein, E. coli and 

Figure 1 Prevalence of bacterial species isolated from positive cultures according to gender.

Figure 2 Illustration of bacterial growth from samples analyzed according to age category.
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P. aeruginosa are two other very popular pathogenic bac-
teria commonly transmitted in the hospital settings among 
health workers and their patients. In recent years, these 
bacteria species have developed resistance to the com-
monly used disinfectants in hospitals, which has led to 
increased cases of hospital-acquired infections as a result.-
17,18 Previous studies in Iran, Sudan, and Somalia have all 
reported a high rate of bacterial contamination among 
patients under hospitalization, which conforms with the 
result of the present study.12,13,19 In each of the aforemen-
tioned reports, the poor healthcare delivery services, and 
poverty may have played a role in the high rate of bacterial 
isolation observed.

The most prevalent bacterial contaminant in the present 
study is Staphylococcus aureus, with 46.3%. This outcome 
is higher than the 26% reported by Hussein et al among 
patients with skin wound infection in Shaafi Hospital 
Mogadishu, Somalia. This disparity may be because they 
only studied 50 wound swabs, while our investigation 
included a large number of urine samples. Patients with 
urinary tract infections have been reported to harbour 
Staphylococcus species, which may explain the discre-
pancy observed in our study in relation to earlier reports 
in Somalia.20 Also, this investigation detected E. coli, 
Proteus vulgaris, and Klebsiella pneumonia in 18.3%, 
3.1%, and 1.8% of the isolates, respectively. The detection 
of these enteric bacteria may suggest possible faecal con-
tamination and poor personal hygiene and sanitation 
among patients and health workers. Moreover, 

a statistically significant association was observed between 
the isolation rate and sex as well as age. While the sex 
predisposition contradicts the popular notion that male is 
more exposed to these environmental contaminants due to 
individual behavioural differences including hygiene and 
eating practices increased tendency for men to eat raw 
food, as well as patronizing roadside food due to the 
nature of their jobs particularly labourers.21,22 The fact 
that female patients were found to have higher bacterial 
carriage may be because of their nursing responsibilities, 
where they frequently have to clean and change diapers 
when their children defecate.

This study also evaluated the antimicrobial resistance 
patterns of the bacterial isolates obtained from hospitalized 
patients. This is owing to the role of antibiotic resistance 
among enteric pathogens plays in causing severe, often life- 
threatening infections among hospitalized patients, particu-
larly women and children.7 Moreover, understanding the 
AMR profile of the commonly circulating pathogens can 
help physicians during prescriptions and recommendations 
for prevention and control strategies to be employed against 
these deadly bugs. The result of the present study revealed 
that the greater percentage of the positive cultures was 
susceptible to an array of antimicrobials tested, with ami-
kacin, meropenem, nalidixic acid, norfloxacin, sulfametha-
zine/trimethoprim and cefuroxime being the most potent 
antimicrobials against all the positive isolates. However, 
a considerable number of resistance patterns were also 
observed where clindamycin (40%), ampicillin (27%), 

Figure 3 Distribution of multidrug-resistant bacterial isolates obtained from hospitalized patients in the hospital, Mogadishu, Somalia.
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vancomycin (26%), levofloxacin (23%), amoxicillin (20%), 
ciprofloxacin (18%) and nitrofurantoin (12%) exhibited the 
highest resistance rate. Antimicrobial resistance represents 
a serious health challenge globally and has been reported to 
cause 700,000 deaths annually.19 The increased resistance 
levels observed against clindamycin, ampicillin, vancomy-
cin, levofloxacin, amoxicillin, ciprofloxacin, and nitrofur-
antoin is a worrying sign as they represent some of the most 
commonly used drugs in the management of human ill-
nesses. The resistance observed could be attributed to the 
unregulated use by the general population because of the 
ease with which they can be purchased over the counter, 
even without any prescription. Furthermore, a multidrug 
resistance pattern was also observed among the bacterial 
isolates with Staphylococcus and E. coli having 19 and 
three isolates with resistance against Levofloxacin, 
Clindamycin, Vancomycin, Ampicillin, Ciprofloxacin, and 
Nitrofurantoin. These observations are in congruence with 
earlier reports where Staphylococcus aureus, E. coli and 
Klebsiella pneumonia were found to exhibit multidrug 
resistance, hence the urgent need for immediate interven-
tion to slow down the spread of this public health threat.4,23

Conclusion
This investigation was able to establish the presence of 
Staphylococcus aureus, Escherichia coli, Pseudomonas 
aeroginosa, Klebsiella pneumonia, and Salmonella sp. as 
the most common bacterial contaminants in the hospital, 
with the potential for causing nosocomial infection. The 
bacterial isolates were also found to exhibit multidrug 
resistance characteristics, which is viewed as an important 
public health challenge, especially in Somalia, where the 
healthcare services are not adequate. Therefore, there is an 
urgent need for stakeholders and concerned authorities to 
scale up and strengthen the healthcare delivery services to 
curb the menace of the antimicrobial-resistant pathogens 
in Somalia.
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