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Abstract 
Background: Infections are common in all surgical specialities. They include 
surgical site infections, osteoarticular infections, soft tissue infections and uri-
nary tract infections. For efficient management, it is essential to know which 
germs are responsible and which antibiotics they are sensitive to. The aim of 
this study was to determine the bacteriological profile of these infections and 
assess their sensitivity to the antibiotics currently in use. Material and Meth-
ods: This was a cross-sectional descriptive study retrospective conducted over 
a 5-year period, from 1 January 2019 to 31 December 2023. It focused on the 
positive results of bacteriological samples taken from patients admitted to the 
Surgical Department of the University Clinics of Kisangani for an infectious 
pathology or who had developed an infection during their hospital stay (os-
teoarticular infections, soft tissue infections, surgical site infections, maxil-
lofacial infections, ENT infections, urinary tract infections). The sample was 
non-probabilistic for convenience. Results: There were 181 positive cultures 
from all departments combined. In 11 cases (6%), the infection was due to 2 bac-
teria. A total of 192 bacteria were isolated. Staphylococcus aureus accounted 
for 43.8%, followed by Escherichia coli at 12.5%, Citrobacter diversus at 11% 
and Enterobacter at 8.9%. There was a high rate of germs with reduced sensi-
tivity to commonly used antibiotics. The sensitivity study found 26 multi-re-
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sistant germs (13.5%). Conclusion: Staphylococcus aureus was found to 
be the most common germ at 43.8%, followed by Escherichia coli at 12.5%, 
Citrobacter diversus at 11% and Enterobacter at 8.9%. A high rate of germs 
with reduced sensitivity to commonly used antibiotics was noted. The an-
tibiotic protocol needed to be changed, and an antibiotic prophylaxis based 
on the most active antibiotics in the bacterial ecology needed to be intro-
duced. 
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1. Introduction 

Infection is the invasion of an organism by a foreign agent, such as a bacterium, 
virus, parasite or fungus, capable of multiplying, within it and all the pathological 
consequences that may result [1]. For centuries, surgical infections have been a 
real public health problem in all surgical specialties. Until the middle of the 19th 
century, the risk of post-operative infection was around 70% - 80% [2]. After Rob-
ert Koch discovered the pathogens responsible for infections in 1876, microbiol-
ogists began to isolate various microorganisms [2]. In the 21st century, infections 
are common in all surgical specialties. They include surgical sites, osteoarticular 
infections, soft tissue infections and urinary tract infections [3] [4]. Hospital-
acquired or nosocomial infections are a major public health problem due to their 
frequency. In its 2017 report, the World Health Organisation (WHO) stated that 
worldwide, more than 1.4 million people suffer from a hospital-acquired infection. 
Despite advances in surgical care, asepsis intra-operative and antibiotic therapy, 
surgical site infections remain a major health problem to the public due to their 
high cost, long hospital stay and high morbidity and mortality. Surgical site infec-
tions are the 3rd most common nosocomial infection after urinary tract and res-
piratory infections [5]. Nosocomial infection in surgery is a disaster. It can ruin 
the benefits of surgery to improve function joint or repair a joint [6]. In developed 
countries, the incidence of infections, particularly infections on surgical sites, var-
ies between 0.7% and 5%, rising to 33% in the case of abdominal surgery [7] [8]. 
In France, the network for monitoring and preventing infectious risk in surgery 
showed in 2021 that an Enterobacterium was found in 31% of SSIs (including Esch-
erichia coli) and a gram-positive in 53% (Staphylococcus cocci 21.9%, Staphylo-
coccus epidermidis 10.2% and Enterococcus fecalis 9%) [9]. 

In Sub-Saharan Africa, the prevalence of surgical site infections can vary from 
6% to over 40%, depending on the case [10]. Osteoarticular infections, such as 
osteoarthritis, arthritis and osteitis, are common in children, but also in adults 
because of the frequency of road accidents, the development of orthopaedic and 
prosthetic, and the occurrence of nosocomial osteitis in osteosynthesis equipment 
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surgery or prostheses [3] [11] [12]. Urinary tract infection is one of the most com-
mon bacterial infections in hospital. Management is often empirical, based on 
knowledge of the germs most frequently involved and their profile resistance [13]. 
A study of the bacteriological profile of surgical site infections carried out by 
Abdoulaye et al. in the Niamey National Surgical Department revealed the pres-
ence of a wide range of bacterial strains isolated 126 bacterial strains, with a pre-
dominance of Staphylococcus aureus (39.31%), Escherichia coli (29.23%) and 
Pseudomonas aeruginosa (12.95%). In the Democratic Republic of the Congo, the 
prevalence of nosocomial infections in Kinshasa hospitals was estimated at 15.0% 
in 2011, while in Upper Katanga in 2010, the overall prevalence of nosocomial in-
fections was 34.5% [14]. Surgical site infections are the complication of most fre-
quent surgical procedures. Statistics on the frequency of hospital-acquired infec-
tions rank infections on surgical sites second only to urinary tract infections [15] 
[16]. These infections are often caused by bacteria that are resistant to antibiotics 
and favoured by hygiene poor hospital [15] [16]. Bacterial resistance is a factor in 
the poor prognosis of patients, leading hospitalised to increased mortality and longer 
hospital stays. The World Health Organisation describes antimicrobial resistance 
as one of the most urgent health risks of our time, threatening to wipe out a century 
of progress. Many medical low- and middle-income countries have major gaps in 
access to effective and appropriate antibiotics [15]. If infections are to be managed 
efficiently, it is essential to know which germs are responsible and how sensitive 
they are to antibiotics. However, before this can be done, probabilistic antibiotic 
broad-spectrum therapy is often necessary, unfortunately which exposes patients to 
the selection of resistant bacteria. One of the challenges facing the Centres of Ref-
erence for Complex Osteoarticular Infections (CRIOAC), set up in 2008, is to in-
troduce rational antibiotic prescribing in order to protect the most molecules ac-
tive in these types of infections [3] [17]. 

The aim of this study was to establish the bacteriological profile of infections in 
the surgical department of the Clinics University of Kisangani and assess their 
sensitivity to commonly used antibiotics in order to improve the management of 
our patients. 

2. Materials and Methods 
2.1. Study Framework 

Our study was carried out in the Department of Surgery at the University Clinics 
of Kisangani (CUKIS). 

Geographical Location of the University Clinics of Kisangani 
The University Clinics of Kisangani (CUKIS), the setting for our study, is a ter-

tiary-level medical facility in the province of Tshopo and the city of Kisangani, cap-
ital of the province of Tshopo in the Democratic Republic of the Congo. They are 
located on Munyororo Avenue, in the Plateau Médical district in the commune of 
Makiso. 
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2.1.1. Study Population 
The study population consisted of all patients admitted to and treated in the sur-
gical department of the University Clinics of Kisangani during our study period 
who had presented with an infection (osteoarticular infections, soft tissue infec-
tions, surgical site infections, urinary tract infections, maxillofacial and infections 
stomatological, ENT infections). 

2.1.2. Sample 
Our sample consisted of patients admitted to and treated in the CUKIS surgical 
department who had presented with an infection with documented bacteriological 
results, including gram staining, culture and antibiotic susceptibility testing. 

2.1.3. Study Period 
The data was collected over a 5-year period, from 1 January 2019 to 31 December 
2023. 

2.2. Methods 
2.2.1. Type of Study 
This was a descriptive, cross-sectional study with retrospective data collection. 

2.2.2. Sampling Technique 
This was a non-probabilistic sample of convenience, which consisted of examining 
the patient files registering hospitalization and bacteriology laboratory registers that 
were made available to us. 

2.2.3. Selection Criteria 
1) Inclusion criteria 
The study included: 
Any patient admitted to the Department of Surgery of the University Clinics of 

Kisangani during the period of our study who presented with an infection (oste-
oarticular infections, soft tissue infections, surgical site infections, urinary tract 
infections, maxillofacial and infections stomatological, ENT infections) with well-
documented containing positive bacteriological results the results of gram stain-
ing, culture and antibiogram. 

2) Non-inclusion criteria 
This study did not include: 
Any patient admitted to the Department of Surgery of the University Clinics of 

Kisangani during the period of our study, who had not presented an infection or 
who had presented one, but whose file did not contain all the elements retained). 
in our collection form (gram staining, positive culture and antibiotic susceptibility 
test, etc. 

2.2.4. Data Collection Technique 
This was the documentary analysis technique. It consisted of examining patient 
files, patient hospitalisation records, doctors’ duty report books, operating theatre 
records, anaesthetists’ records, operating protocol records and bacteriology labor-
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atory records, which were made available to us, and which contained the study 
parameters sought according to the study’s inclusion criteria. 

2.2.5. Study Variables 
Socio-demographic data: age, gender, place of residence, occupation, marital status, 
province of origin. 

Type of admission: Emergency, outpatient, transfer. 
Clinical data: complaint, history, locoregional physical signs, admission diagno-

sis, etc. 
Paraclinical data: Biology (Hb, Hct, GS and Rhesus factor, GB, FL VS; bacteri-

ology (gram staining, culture and antibiogram); radiography; Therapeutic data: 
Treatment: probabilistic antibiotic therapy instituted, its duration and surgical 
treatment benefited. 

Course: Onset or persistence of infection, time between surgical procedure and 
onset of infection. 

Final outcome. 

2.2.6. Sampling and Antibiotic Susceptibility Testing 
Samples were taken either by puncture syringe if the suppurations were abundant, 
or by swabbing for minimal suppurations of the wound or ear. Urine samples were 
taken from patients with bladder catheters using a sterile bottle. The samples were 
taken under rigorous aseptic conditions in hospital wards, in the sampling room 
of the CUKIS bacteriology laboratory and in the operating theatre. Germ identi-
fication and sensitivity were assessed on the basis of culture and antibiogram re-
sults supplied by the laboratories of the University Clinics of Kisangani and EMA 
ESU. Microscopic examination: for each sample, direct observation without stain-
ing was carried out to look for cellular elements (leucocytes, red blood cells and 
bacteria). Examination after staining: using the suppuration fluid, an initial smear 
was taken and then stained with May Grunwald Giemsa (MGG). This was fol-
lowed by a quantitative and qualitative cytology of the leukocyte elements, based on 
microscopic observation. Another smear was taken and Gram-stained to deter-
mine the bacterial morphology and its affinity dyeto Gentian violet and fuschin. 
If the bacterium is stained purple, it is gram-positive. On the other hand, if the 
bacterium is stained pink, it is gram-negative. The results of gram staining are 
used to guide the subsequent bacteriological treatment of the sample, particularly 
in the choice of culture media. Culture: each sample was inoculated onto agaror-
dinary, fresh blood agar, Mannitol Salt Agar (MSA) and Mac Conkey; incubated 
at 37˚C for 18 to 24 hours, the antibiogram in the event of a positive culture was 
performed by Mueller-Hinton Agar the diffusion method using a bacterial sus-
pension with a turbidity of 0.5 according to the Mac Farland scale. Antibiotic discs 
ranging from 5 mm to 10 mm were used. The same method was applied to the 
urine sample. 

2.2.7. Data Analysis Technique 
Our data were collected and recorded on Microsoft Excel 2016 and analysed using 
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SPSS 2020 software; we calculated percentages to analyse our qualitative variables, 
calculated the mean and standard deviation for our quantitative variables with a sym-
metrical distribution and the median for our quantitative variables with a non-sym-
metrical distribution. The results are presented in tables. 

2.2.8. Ethical Considerations 
Prior to data collection, the agreement of the Dean of the Faculty of Medicine 
and Pharmacy of the University of Kisangani and the medical management of 
the University Clinics of Kisangani was obtained. Files were processed anon-
ymously. 

3. Results 

Out of a total of 342 files collated from patients who had presented with an 
infection in all departments, 218 cultures had been performed, 181 were pos-
itive, including 11 cultures polymicrobial with 2 germs and 170 monomicro-
bial cultures, giving a total of 192 strains. A frequency of 52.9%. The patients 
were 135 men and 46 women, with an average age of 45.6 years (range: 0 to 90 
years). 

3.1. Types of Infection 

Table 1 shows the distribution of patients by type of infection. 
 

Table 1. Breakdown of patients by type of infection. 

Type of infection Workforce Percentage 

A. General surgery   

Traumatic infected ulcer 9 5 

Infected ulcer 11 6.1 

Tropical ulcer 6 3.3 

Infected vascular ulcer 14 7.7 

Infected budding ulcer 2 1.1 

Infected traumatic wounds 9 5 

Myositis suppurativa 3 1.6 

Hot wall abscess 3 1.6 

Perianal fistula 3 1.6 

Wet gangrene 4 2.2 

Infected diabetic foot 1 0.6 

Infected thyroglossal cyst 1 0.6 

B. Urology   

Urinary tract infection 26 14.4 
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Continued 

Surgical site infection 11 6.1 

C. Orthopaedics and traumatology   

Chronic osteomyelitis 4 2.2 

Osteitis 4 2.2 

Infected pseudarthrosis 2 1.1 

Infected vicious callus 1 0.6 

Infected open fractures 24 13.3 

Surgical site infection 9 5 

D. Thoracic surgery   

Pyothorax 3 1.6 

E. Paediatric surgery   

Visceral necrosis/omphalocele complicated by 
sepsis 

1 0.6 

F. Digestive surgery   

Surgical site infection 12 6.6 

G. Stomatology and maxillofacial surgery   

Suppurated and fistulised jugo-cervical  
phlegmon/dental caries 

12 6.6 

H. Otorhinolaryngology   

Acute and/or chronic suppurative otitis media 6 3.3 

Total 181 100 

 
The table shows that infected leg and/or foot, surgical site infections, infection 

sulcersurinary tract, infected open fractures and suppurated and fistulised jugo-
cervical phlegmon/dental caries were the main types of infection, with 43 respec-
tively cases (23.75%), 32 cases (17.67%), 26 cases (14.3%), 24 cases (13.25%) and 
12 cases (6.6%). 

3.2. Types of Germs 

Table 2 shows the different germs that are isolated in the surgery department. 
 

Table 2. Breakdown of cases by germ type. 

Types of germs Workforce Percentage 

Gram-positive   

Sphaphylococcus aureus 84 43.8 

Streptococcus viridance 2 1 

Gram-negative   

Escherichia coli 24 12.5 
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Continued 

Citrobacter diversus 22 11.5 

Citrobacter 9 4.7 

Citrobacter spp. 3 1.6 

Enterobacter 17 8.9 

Enterobacter spp. 7 3.6 

Proteus mirabilis 7 3.6 

Proteus vulgarus 5 2.6 

Pseudomonas aeruginosa 11 5.7 

Proteus gergovia 1 0.5 

Total 192 100 

 
Table 2 shows that Staphylococcus aureus, Escherichia coli, Citrobacter diver-

sus and Enterobacter were the main germs, with 84 (43.8%), 24 (12.5%), 22 (11.5%) 
and 17 (8.9%) cases respectively. 

3.3. Multi-Resistant Germs 

Table 3 shows germs. 
 

Table 3. Breakdown of cases by multi-resistant germs. 

Multi-resistant bacteria Workforce Percentage 

Staphylococcus aureus 11 42.3 

Proteus vulgaris 2 7.69 

Proteus mirabilis 1 3.85 

Escherichia coli 5 19.23 

Citrobacter 1 3.85 

Citrobacter diversus 2 7.69 

Pseudomonas aeruginosa 3 11.54 

Enterobacter spp. 1 3.85 

Total 26 100 

 
Analysis of this table shows that the multi-resistant germs isolated were Staph-

ylococcus aureus in 11 cases (42.3%), Escherichia coli in 5 cases (19.23%), Pseudo-
monas aeruginosa in 3 cases (11.54%), Citrobacter diversus in 2 cases (7.69%) and 
Proteus vulgaris in 2 cases (7.69%). 

The antibiotics commonly used in the Department of Surgery for probabilistic 
antibiotic therapy are shown in Table 4. 

3.4. Antibiotics 

Table 4 shows the antibiotics most commonly used in the department for probabil-
istic antibiotic therapy. 
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Table 4. Breakdown of cases according to probabilistic antibiotic therapy. 

Antibiotics Workforce Percentage 

Metronidazole 134 74 

Ceftriaxone 108 59.7 

Ciprofloxacin 28 15.5 

Tax 14 7.7 

Gentamycin 9 4.9 

Cloxacillin 5 2.8 

Amoxicillin 5 2.8 

Furadatine 7 3.9 

Ampicillin 3 1.6 

Erythromycin 2 1 

Cefotaxime 1 0.5 

Chloramphenicol 1 0.5 

 
Table 4 shows that metronidazole, ceftriaxone and ciprofloxacin are the antibi-

otics most commonly used in the surgical department, often in combination, with 
134 cases (74%), ceftriaxone 108 cases (59.7%) and 28 cases (15.5) respectively. 

3.5. Antibiogram 

The antibiograms of the most commonly used antibiotics are presented below: 
Antibiotic susceptibility testing: 
1) Staphylococcus aureus: Ceftriaxone 29/67 (43.2%), Ciprofloxacin 25/46 (54.3%), 

Ampicillin 42/65 (64.6%) Amoxycillin 30/56 (53.6%), Gentamycin 29/51 (56.8%), 
Metronidazole: not tested. 

2) Eschericha coli: Ceftriaxone 13/21 (61.9%), Ciprofloxacin 6/14 (42.8%), Am-
picillin 9/12 (75%), Amoxycillin 5/8 (62.5%), Gentamycin 15/20 (75%), Metroni-
dazole: not tested. 

3) Citrobacter diversus: Ceftriaxone 4/15 (26.6%), Ciprofloxacin 5/10 (50%), 
Ampicillin 7/12 (58.3%), Amoxycillin 7/18 (38.8%), Gentamycin 9/14 (64.2%), 
Metronidazole: not tested. 

4) Enterobacter: Ceftriaxone 5/13 (38.4%), Ciprofloxacin 7/8 (87.5%), Ampicil-
lin 7/12 (58.3%) Amoxicillin 7/15 (46.6%), Gentamycin 7/16 (43.7%), Metronida-
zole: not tested. 

5) Pseudomonas aeruginosa: Ceftriaxone 7/9 (77.7%), Ciprofloxacin 4/7 (57.1%), 
Ampicillin 6/7 (85.7%), Amoxycillin 4/6 (66.6%), Gentamycin 2/6 (33.3%), Metro-
nidazole: not tested. 

4. Discussion 

The aim of this study was to establish the bacteriological profile of the infections 
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and to assess their sensitivity to commonly antibioticsused. To achieve this objec-
tive, we carried out a retrospective study over 5 years. We will discuss these results 
in relation to the types of infection, the germs isolated and their sensitivity to the 
antibiotics most commonly used. 

With regard to the types of infection found in our study, infected leg and foot 
ulcers of all aetiologies were predominant (23.75%), followed by surgical site in-
fections (17.7%), urinary tract infections (14.4%), infected open (13.2%) and jugo-
cervical phlegmon fractures suppurated and fistulised (6.6%). The predominance 
of infected is linked to the fact that ulcers in our low-income environments, when 
faced with any spontaneous or post-traumatic wound on the lower limb, most 
patients first turn to traditional medicine and consult modern medicine as a sec-
ond line of defence in the event of complications such as infection and delayed 
healing. The high frequency of infections on surgical sites in our series is consistent 
with many authors who have reported that surgical site infections are the most 
frequent complication of surgical procedures and represent the 3rd most common 
nosocomial infection after urinary and respiratory infections [5] [6] [15]. Urinary 
tract infections were the 3rd most common infection in our study, after surgical site 
infections. Our results are similar to those reported by Doutchi et al. [5]. Most pa-
tients admitted to the urology department for uropathies obstructive (benign pros-
tatic hypertrophy, prostatic adenocarcinoma and urethral stricture) had developed 
a urinary tract infection. 

This study showed a predominance of Staphylococcus aureus (43.8%), followed 
by various species of enterobacteria, and a high rate of germs with sensitivity re-
duced to the antibiotics most commonly used in the surgical department. Staph-
ylococci Aureus, commensal micro-organisms of the skin and nostrils, are the 
agents most involved in suppuration [3] [14] [17]. The predominance of Staphy-
lococcus aureus followed by various species of Enterobacteriaceae, in particular 
Escherichia coli, has been reported by several authors in Africa [3] [12] [14] [18] 
[19]. Their nature commensal, combined with the virulence of certain species, ex-
plains why these bacteria are the cause of many infections [3] [14] [19] [20]. Our 
results differ from those of Kimuni et al. [15], who found a predominance of Pseu-
domonas aeruginosa (50%), followed by Escherichia coli (22%), Staphylococcus au-
reus (20%) and Klebsiella pneumoniae (6.8%). We would say that contamination 
of the surgical site most often occurs during the operative period, i.e. from the pa-
tient’s flora prior to incision [15] [21]. Gram-negative such as Escherichia bacilli coli, 
Enterobacter, Citrobacter diversus and Pseudomonas aeruginosa are frequently iso-
lated from urinary tract infections at the surgical site. We noted a high rate of multi-
microbial infections in 11 cases (5.72%); these results are close to those found by 
Abdoulaye et al. [14], and lower than those found by Kouassi et al. in Bouaké [3]. 
The rate of multi-resistant bacteria in this study was high at 26 germs (13.5%), and 
these results are close to those found by other authors [3] [14]. This high frequency 
of multi-resistant germs in our study is consistent with the findings of Carlet and 
le Coz in France, who reported that every year, more than 150,000 patients suffer 
from infections linked to multi-resistant bacteria, with more than 12,500 deaths 
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[5] [22]. Infections caused by multi-resistant bacteria are increasingly being de-
scribed, reflecting the failings of hospital hygiene in Sub-Saharan Africa and re-
quiring a paradigm shift in the prescription of antibiotic prophylaxis and proba-
bilistic antibiotic therapy [5] [10] [14]. The main antibiotic molecules used in our 
department are metronidazole (74%) in combination with either ceftriaxone or 
ciprofloxacin; unfortunately, metronidazole is not tested in our laboratories due 
to a lack of appropriate discs. Ceftriaxone (59.7%) showed resistance of 43.2% to 
Staphylococcus aureus, 61.9% to Escherichia coli, 26.6% to Citrobacter diversus 
and 77.7% to Pseudomonas aeruginosa. Ciprofloxacin (15.5%) showed resistance 
to 54.3% of Staphylococcus aureus, 42.8% to Escherichia coli, 50% to Citrobacter 
diversus, 87.5% to Enterobacter and 57.1% to Pseudomonas. This resistance rate is 
slightly higher than those found by other authors [3] [14] [19]. We believe that this 
antibiotic resistance is due to the precarious socio-economic conditions that do not 
allow a large proportion of the population to access quality care in time, and to self-
medication, unqualified, prescribed spoor quality antibiotics, probabilistic some-
times antibiotic therapy that is under-dosed, and absence the of antibiotic prophy-
laxis in our department. 

5. Conclusion 

A study of the profile of bacteriological infections in the Surgical Department of 
the University Clinics of Kisangani in the Democratic Republic of the Congo 
showed a predominance of Staphylococcus aureus (43.8%), followed by Escherichia 
coli (12.5%) and Citrobacter diversus (22 cases, 42.2%). 26 multi-resistant germs 
and a rate high of germs with sensitivity reduced to commonly used antibiotics. 
Carbapenems, meropenem, Amikacin and Fosfomycin, although rarely used in the 
surgical department, were very active against most bacterial strains. It is there-
fore necessary to revise the antibiotic prescription protocol in collaboration with 
biologists, introduce antibiotic prophylaxis using the most active antibiotics in 
order to reduce the risk of selection of resistant strains, raise public awareness 
of the risk of antibiotic resistance and improve hospital hygiene in the depart-
ment. 
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