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Abstract 
Background: Most community and hospital acquired infections are due to 
Staphylococcus aureus, these infections involve both local suppurative and 
systemic conditions. There is an increase in the incidence rates of acquiring 
resistant strains of Staphylococcus aureus in hospitals and community in Su-
dan. This study aims to detect frequency of Staphylococcus aureus isolated 
from surgical-sites infections (SSIs) and traumatic wounds, and to determine 
susceptibility to commonly used drugs. Methods: Prospective cross-sectional 
laboratory based study was followed, 250 patients admitted to Surgery De-
partments at Wad Madani Teaching Hospitals during 2019 and 2020 were 
recruited; with clinical manifestation of SSIs and or/traumatic wounds. Swab 
sample was taken from each participant and incubated aerobically on manni-
tol salt agar. Biochemical tests and 16rRNA gene used for Staphylococcus au-
reus identification. Antimicrobial susceptibility was accomplished using Kir-
by Bauer disc diffusion technique. Results: Infection rate of wounds in males 
and females equal 71% (17/250) and 29% (73/250), while infection rate in the 
age group of 41 to 60 years was the highest with percentage of 49% (122/250). 
Staphylococcus aureus constituting 76% (181/238) as predominant isolates. 
SSIs isolates of Staphylococcus aureus were highly resistant to tested antimi-
crobials. Meropeneme was the drug of choice with sensitivity of 88% and 
100% for SSIs and traumatic wounds isolates respectively. Conclusion: In 
hospitals and community Staphylococcus aureus remain the most common 
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cause of wounds infections. The high resistance to used drugs shown by Sta-
phylococcus aureus in this study requires an assessment of the current situa-
tion and finding of more effective anti-staphylococcals. 
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1. Introduction 

Staphylococcus aureus is responsible for wide range of community and hospital 
acquired infections; these infections involve both local suppurative conditions 
such as skin and skin structures infections and systemic life-threatening sepsis 
[1] [2] [3]. 

According to Silverberg [4] and Taylor and Unkal [5], skin invasion by mi-
croorganism result from weakening of the skin’s defenses against microbial in-
vasion. Notice that, skin is most commonly breach by traumas and intentional 
medical procures. Traumatic wounds in community usually acquire bacteria ei-
ther from normal microbiota of humans or from exogenous sources, however, it 
is still possible to gain bacteria from hospital sources during prolonged staying. 
In hospital settings Staphylococcus aureus could be transmitted from one patient 
to other through contact with contaminated objects, from air, during wounds 
dressing and invasive procedures. Additionally, SSIs have serious consequences 
for surgeons, patients, and institutions that double the risk of patient death [6] 
[7] [8]. 

Staphylococcus that associated with SSI infection is frequently reported to de-
velop multidrug-resistant against a wide spectrum of commonly used antibiotics 
[9] [10]. The increase in incidence rates of MRSA and its spread in hospitals and 
the community as studied by Mohammed et al., [11] and Abdalhay et al., [12] it 
is highly prevalent among populations of Staphylococcus aureus isolated from 
different clinical specimens in different hospitals in Sudan, had posed a major 
challenge for infections treatment. 

Understanding the prevalence of Staphylococcus aureus, antibiotic resistance 
patterns, and accurate and reliable detection methods are necessary for proper 
antibiotic treatment and effective control measures. In Sudan, scattered data con-
cerning multi-drug resistant (MDR) Staphylococcus aureus is available, the only 
documented research for development of MDR was reported by Onyeka et al., 
[13], Hassan et al., [14] and Azab et al., [15]. Therefore, the current study aimed 
to evaluate the Staphylococcus aureus as a cause of wound infections and the ef-
fectiveness of used drugs. 

2. Methods 

2.1. Study Area and Design 

This was prospective cross-sectional laboratory based study conducted from 
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2019 to 2020 at Wad Madani Teaching Hospital, Sudan. As Wad Madani city is 
the capital of Gezira State, department of general surgery consider as a referral 
center for management of surgical and wound infections around the state.  

2.2. Case Definition and Sample Size 

The study included patients admitted to department of general surgery with clini-
cal manifestations of SSIs and or/traumatic wounds; cases of SSIs were those ac-
quired infection at the site of surgery during hospitalization while traumatic 
wounds cases were admitted to the department with infection symptoms. Two 
hundred and fifty patients were recruited after satisfaction of selection criteria. 

2.3. Collection of Samples 

Swab samples were obtained from infected areas avoiding external skin touching 
using sterile cotton device. To insure collection of sufficient amount of bacteria 
swabs were introduce deeply with rotation for few seconds. Swabs were labeled 
with the corresponding subject number and sent to microbiology laboratory of 
the Faculty of Medical Laboratory Sciences for immediate processing.  

2.4. Isolation and Identification 

All swabs were inoculated on mannitol salt agar medium and incubated for 24 
hrs at 37˚C. The colonies then identified by mannitol fermentation, Gram’s 
staining, catalase, slide coagulase, tube coagulase tests and 16rRNA gene ampli-
fication using universal bacterial primers; 27F:  
5’-AGAGTTTGATCCTGGCTCAG-3’ and 1492R:  
5’-GGTTACCTTGTTACGACTT-3’ (16).  

2.5. Antimicrobial Susceptibility Testing 

The isolates of Staphylococcus aureus were tested against vancomycin (30 μg), 
meropeneme (10 μg), gentamicin (30 μg), ciprofloxacin (5 μg), amoxicillin-cla- 
vuanic acid (Augmentin) (30 μg), cefuraxime (30 μg), ceftriaxone (30 μg), cefa-
toxime (30 μg) and cefepeme (30 μg), and Agar disc diffusion was followed ac-
cording to CLSI guidance. In procedure, overnight growth of Staphylococcus au-
reus cultures were adjusted to turbidity of 0.5 McFarland standards. The bacteri-
al suspensions were spread on Mueller-Hinton agar. All plates were incubated at 
37˚C for 24 hours before reading the results. According to zones of inhibition 
isolates reported as sensitive, intermediate resistant and resistant. 

2.6. Statistics  

A simple descriptive analysis was followed to find out the frequency of Staphy-
lococcus aureus patient’s demographics and the efficacy of tested drugs. 

3. Results 

Male participants, age group from 41 to 60 years, rural residence and diabetes 
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mellitus were reported in 71% (177/250), 49% (122/250), 69% (173/250) and 
8.4% (21/250) of enrolled patients respectively (Table 1). Positive bacterial growth 
was showed in 95% (238/250). Staphylococcus aureus isolates predominated with 
percentage of 76% (181/238) followed by gram negative bacteria 15% (35/238) 
and coagulase negative staphylococcus 4% (9/238), polymicrobial growth revealed 
in 5% (13/238) (Figure 1). With SSIs, 68% (115/170) of samples gave positive 
growth for Staphylococcus aureus and 81% (65/80) from traumatic wounds 
(Table 2). The antibiotics susceptibility of isolated Staphylococcus aureus against 
different antimicrobial candidates for SSIs and traumatic wounds were depicted 
in (Table 3) and (Table 4). All tested isolates of Staphylococcus aureus were 
fully susceptible to vancomycin. The effective drug against SSIs isolates with 
sensitivity of 88% was meropeneme followed by gentamycin (38%). While iso-
lates from traumatic wounds expressed full susceptibility to meropeneme and 
71% to gentamicin. The high resistance of both SSIs and traumatic wounds iso-
lates was recorded against cefepeme followed by cefatoxime and ceftriaxone. 
 
Table 1. Demographic characteristics of study subject. 

Characteristics Frequency Percentage 

Sex 
Male 
Female 
Total 

 
177 
73 

250 

 
71 
29 
100 

Age group 
18 - 40 
41 - 60 
>60 
Total 

 
72 

122 
56 

250 

 
29 
49 
22 
100 

Residence 
Urban 
Rural 
Total 

77 
173 
250 

 

31 
69 
100 

 

Type of wound 
Surgical-site 
Traumatic 
Total 

 
170 
80 

250 

 
68 
32 
100 

Diabetes mellitus 
Yes 
No 
Total 

 
21 

229 
250 

 
8.4 
91.6 
100 

Wounds location 
Abdomen 
Foot 
Hand 
Back 
Total 

 
128 
64 
53 
5 

250 

 
51 
26 
21 
2 

100 
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Figure 1. Distriubuation of bacterial growth associated with wound infections in study 
subjects. 
 
Table 2. Frequency of Staphylococcus aureus isolated from SSIs and traumatic wounds. 

 
Staphylococcus 

aureus (%) 
Other growth 

(%) 
No growth 

(%) 
Total 
(%) 

SSIs 
115 
(68) 

49 
(29) 

6 
(3) 

170 
(100) 

Traumatic wounds 
65 

(81) 
8 

(10) 
7 

(9) 
80 

(100) 

 
Table 3. Antimicrobial susceptibilty pattern of Staphylococcus aureus isolated from SSIs. 

Antibiotic 
Sensitive Intermediate/resistant Resistant 

No % No % No % 

Vancomycin 116 100 0 0 0 0 

Meropeneme 102 88 4 3 10 8 

Gentamicin 44 38 27 23 45 39 

Ciprofloxacin 34 29 25 21 57 50 

Augmentin 22 19 22 19 72 62 

Cefuraxime 21 18 14 12 81 70 

Ceftriaxone 23 20 8 7 85 73 

Cefatoxime 21 18 7 6 88 76 

Cefepeme 2 2 11 9 103 89 

 
Table 4. Antimicrobial susceptibilty pattern of Staphylococcus aureus isolated from trau-
matic wounds. 

Antibiotic 
Sensitive Intermediate/resistant Resistant 

No % No % No % 

Vancomycin 65 100 0 0 0 0 

Meropeneme 65 100 0 0 0 0 

76%

15%
4% 5%

Staphylococcus 
aureus  

Gram negative 
bacteria

Coagulase 
negative 

staphylococci

Polymicrobial 
growth

0%
10%
20%
30%
40%
50%
60%
70%
80%

Isolates
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Continued 

Gentamicin 46 71 13 20 6 9 

Ciprofloxacin 32 49 14 22 19 29 

Augmentin 13 20 24 37 28 43 

Cefuraxime 20 31 9 14 36 55 

Ceftriaxone 22 34 7 11 36 55 

Cefatoxime 19 29 5 8 41 63 

Cefepeme 5 8 9 14 51 78 

4. Discussion 

Without a doubt, Staphylococcus aureus is the most important species agent of 
wound infections at the hospital and community level, this can be explained by 
the fact that it is wide-spread in nature and the environment, in addition to be-
ing a normal microbiota in noses and skin of a significant proportion of people 
[17] [18]. From the current study, Staphylococcus aureus was identified in 76% 
of wounds samples; this high rate of the spread of Staphylococcus aureus as a 
causative agent of wound infections in hospitals and the community is attributa-
ble to what was previously mentioned, in addition to the poor level of personal 
hygiene and susceptibility to infection in elderly people and those with immu-
nocompromised diseases such as diabetes, and this within the community [19]. 
Many documents refer to the predominance of Staphylococcus aureus as unique 
agent of wounds infection [20] [21]. 

At hospital setting other factors have a role in the prevalence; at the level of 
causative agent the virulence, ability to resist antimicrobial and disinfectants, 
and biofilm formation are major factors distinguish hospital Staphylococcus au-
reus [3]. Absence of infection control program in hospitals in Sudan and most 
developing countries has a great effect on the effectiveness of transmission of 
bacteria between patients and hospital environment. Also there is no solid sys-
tematic guidelines for wound infections medication involves proper care and 
application of drug sensitivity testing for infected patients.  

Males in the current study accounted for 71% of total cases, from our know-
ledge, male gender was considered to be a risk factor for infection following 
trauma [22] and for SSIs [23] [24]. In line, Zhang and his group emphasized that 
differences in infection rate between male and female can occur due to anatom-
ical sites, health behaviors, environmental experiences, stress and exposure to 
risk [25]. From the results, cases came that from rural residence were higher 
than urban; this may be attributed to the hard works in rural such as agriculture, 
lack of care for personal hygiene, and the absence of surgical unites in rural hos-
pitals [26]. 

Investigating the prevalence rates of antimicrobial resistance among wound 
infections pathogens is critical for establishing treatment strategies and evaluat-
ing current guidelines [15] [27] [28]. Our result showed marked variability in 
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antimicrobial sensitivity of Staphylococcus aureus strains that isolated from SSIs 
and traumatic wounds, with the exception of vancomycin which revealed sus-
ceptibility of 100% at all as a drug of choice [29]. With less degree meropeneme 
gave sensitivity of 88% in SSIs and 100% in traumatic wounds isolates, luckily, 
two genes encoding for carbapenems resistance were identified (data not shown). 

The high sensitivity to gentamycin among traumatic wounds Staphylococcus 
aureus isolates is due to the restriction use of this injection in the hospitals and it 
is limitations, and thus only 9% of traumatic wounds isolated strains appeared as 
resistant. Resistance to gentamycin of relatively higher percentage was recorded 
in hospitals in north Ethiopia [30]. 

Importantly, the study findings expressed high resistance to third and fourth- 
generation cephalosporines; ceftriaxone and cefepeme. Cephalosporines proph-
ylaxis is commonly used in surgery practices in most hospitals in Sudan. In ad-
dition to the usage for treatment of sepsis, acute pneumonia and post-operative 
situations. So, continuous exposure of bacteria such as Staphylococcus aureus to 
cephalosporines and hospital over-prescription may be enrolled as prediction for 
failure of treatment [31] [32] [33]. 

In conclusion, the study highlights the antimicrobials prescribed mainly for 
wound infections, as well as the dominance of Staphylococcus aureus as etiologic 
agents. In Sudan cephalosporines remain the main option in antibiotic therapy 
of wounds, and the most commonly prescribed one; ceftriaxone resulted in low 
susceptibility. 

Study Limitation 

This study did not determined the percentage of methicillin-resistant Staphylo-
coccus aureus due to the sufficient previous studies, and it also did not classified 
the infections of surgical-sites based on the type of operation. However, this 
work is comprehensive analysis of the use of the most important antibiotics for 
the treatment of infected wounds and corresponding antimicrobial resistance. 
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