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Abstract

Results: The incidence of SSIs caused by Staphylococci in Gombe was 9.8%. Staphylococcus haemolyticus 
(34.1%) was the predominant species, followed by Staphylococcus aureus (29.3%), and Staphylococcus 
hominis ssp. hominis (17.1%) and Staphylococcus epidermidis (12.2%), while Staphylococcus lugdunensis, 
schleiferi and lentus were the least prevalent, with one (1) isolate each (2.4%). SCCmec type V was the 
predominant genetic element identified.

Methods: This prospective longitudinal study was conducted among adults who had surgery in Gombe, 
Gombe state, Nigeria. Organisms were identified using VITEK 2, and multiplex polymerase chain reaction 
(PCR) was used to detect mecA, and SCCmec genes from the methicillin-resistant Staphylococcus aureus 
isolates using individual primers.  Data was collected using a semi-structured questionnaire; and incidence, 
proportions, and frequencies were all analysed using SPSS version 26.

Keywords: Methicillin-Resistant Staphylococcus aureus, Staphylococcal cassette chromosome mec typing, 
Surgical site infections; Nigeria

Conclusion: The incidence of SSIs caused by Staphylococci is relatively high in Gombe, with 
Staphylococcus haemolyticus as the predominant organism, while SCCmec V was the main mobile genomic 
element among MRSA isolates causing SSIs in Gombe, Nigeria.

Background: Surgical Site Infections (SSIs) are among the most common healthcare-associated infections 
worldwide. While etiologic agents vary by country, staphylococci account for a significant portion.  
Resistance in staphylococci, particularly methicillin-resistant Staphylococcus aureus (MRSA), is a major 
concern, as it confers resistance to nearly all beta-lactam antibiotics except ceftaroline. MRSA harbours about 
13 mobile genetic elements termed staphylococcal cassette chromosome mec (SCCmec). This study aimed to 
determine the SCCmec types among MRSA causing SSIs in Gombe, Nigeria.
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Surgical site infections (SSIs) are a type of healthcare-associated infection 
(HAI) that affects the incision site and/or the organ or space operated upon. 
They occur within 30 days of an operative procedure or within one year if an 

1
implant is placed and remains in situ.  

Introduction 

Several organisms are implicated in the aetiology of SSIs; however, 
bacterial pathogens are often isolated more commonly. Others are fungi, 

2viruses, protozoans and, less commonly, helminths.  Staphylococcus aureus 
is the leading cause of SSIs (18.3%), followed by Pseudomonas aeruginosa 
(11.1%), Bacillus species 11.1%, Escherichia coli (10.3%), Candida species 
(8.7%), Coagulase-negative Staphylococcus (8.7%), and Serratia species. 

3
(4.7%), Bacteroides (4.0%), Enterococcus species 3.2% and other bacteria.  
Methicillin-resistant Staphylococcus aureus (MRSA), first reported in the 
1960s, is a multi-drug-resistant form of Staphylococcus aureus associated 

4with severe, often fatal infections that are increasingly difficult to manage.  
MRSA harbours a mobile genetic element known as staphylococcus cassette 
chromosome mec (SCCmec), which is also present in other multidrug-
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resistant Staphylococcus species. Staphylococcus 
aureus is said to have acquired the SCCmec from 
Staphylococcus sciuri and Staphylococcus vitulinus. 
To date, thirteen different SCCmec types (I-XIII have 
been identified.  Staphylococcus cassette chromosome 
mec consists of the mec complex (including the 
regulatory genes mecI and mecRI) and the cassette 
chromosome recombinase (ccr) complex. The ccr 
genes encode recombinases that mediate SCCmec 
integration and excision from the  Staphylococcus 

5aureus chromosome, enabling mobility.

Diagnosis of SSIs relies on a combination of clinical, 
microbiological, radiological and, less often, 
histopathological assessment. Clinically, patients with 
SSIs may present with purulent discharge, pain, 
swelling, redness, and wound dehiscence at the incision 

6site, with or without fever.

Optimal management in the postoperative period is 
critical. Treatment often involves both surgical and 
medical interventions. Surgical measures include 
suture removal, incision and drainage, and regular 

7
wound dressings.  Pharmacological therapy is 

8particularly challenging for MRSA infections.

 Preventive strategies can reduce SSI incidence. Early 
nutritional support enhances surgical outcomes by 

9
lowering infection risk.   Pre-operative bathing with 
antiseptic soap reduces skin bacterial load, and bowel 
preparation before gastrointestinal surgery helps to 

10reduce intraluminal bacterial burden .

Globally, SSIs remain a significant problem, 
11

particularly in low and middle-income countries,  
where they are the leading cause of surgically related 
healthcare-associated infections and affect up to one-

12
third of patients who have had surgery.  They extend 
hospital stays from an average of five days to about 
seventeen to twenty-four days, increasing costs and 

13mortality.  Despite their preventable nature, surgical 
site infections remain largely under-investigated in 
Gombe and Northeastern Nigeria, where baseline data 

14are scarce. 

In this study, we aimed to determine the incidence of 
SSIs caused by MRSA and performed SCCmec typing 
(I-XII) of isolates. Establishing SCCmec profiles is 
expected to provide valuable baseline data for the 
hospital and the state, enabling the strengthening of 
infection prevention and control (IPC) measures.

Sample Size:

This prospective longitudinal study was conducted in 
two tertiary hospitals in Gombe (the State Specialist 
Hospital and Federal Teaching Hospital). A total of 402 
adult surgical patients (≥18 years) were followed up for 
30 days postoperatively to monitor outcomes. This 
study spanned from February 2022 to March 2023.

Study design, setting, period, and population

Participants were stratified into subgroups and 
proportionally allocated to surgical units. (general 
surgery, plastic, urology, obstetrics and gynaecology), 
based on the number of surgeries performed in the 
preceding year.  Consecutive sampling was used until 
the required sample size was attained. Follow-up was 
conducted both in the wards and after discharge for up 
to thirty 30 days, via phone calls.

The Fisher's formula was used to estimate the sample 
15 2 2  

size , N = z pq/d ,where Z = standard normal deviation 
corresponding to 95% confidence interval (=1.96), D = 
degree of accuracy 0.05%,  N = sample size, P = 

16
prevalence of SSI from a similar study (38.1% ), and Q 

2 2= 1-P. This gives N = (1.96)  x 0.381x 0.619 / (0.05)  = 
362. Based on the 10%  attrition expected, the 
minimum sample size was adjusted using this formula, 

17
n/1-f , where f = proportion not responding (10%) = 
0.1, n is minimum sample size = 362 / (1-0.1) = 362 / 0.9  
= 402 adult patients who had surgery within 30 days

Inclusion criteria:
Adults 18 years and older who had surgery in any of the 
following units: obstetrics and gynaecology, urology, 
plastic and general surgical at either the State Specialist 
or Federal Teaching Hospitals Gombe, within 30 days.

Materials and Methods

Specimens were directly inoculated into mannitol salt 
agar (MSA) and blood agar (BA) and incubated 
aerobically at 37˚C for 24 hours, with an additional 24-
hour incubation for plates showing no initial growth. 
Colonies were examined for morphology and evidence 
of mannitol fermentation, Gram stained, and 
subcultured on nutrient agar. Identification was done 
with VITEK 2, and antimicrobial susceptibility testing 
was performed according to Clinical and Laboratory 

Exclusion criteria:
Patients who underwent neurosurgical, maxillofacial, 
ear, nose, and throat (ENT), orthopedic, or paediatric 
surgical procedures were excluded. Patients with 
surgical implants in situ were also excluded.

Data collection tool: A questionnaire was administered 
to participants who fulfilled the inclusion criterion and 
gave  consen t .  Da t a  on  soc iodemograph ic 
characteristics (age, sex, occupation, marital status, 
and level of education) and variables on preoperative, 
intraoperative, and postoperative phases of surgery 
were extracted from patient case files.  Participants 
were followed up on alternate days for 30 days, those 
who developed SSI were further reviewed, and wound 
swabs were collected for culture and further 
microbiological studies.
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Socio-demographic characteristics of the study 
participants

Staphylococcus species were isolated from 41 of the 
109 cases of SSI (37.6%), giving an overall   
Staphylococcal SSI incidence of 9.8% (41/402). 
Staphylococcus haemolyticus 14 (34.1%) was the 
predominant species, followed by Staphylococcus 
aureus  12 (29.3%). The distribution of the 
Staphylococcus isolates is shown in (Figure one). 

A total of 109 participants had surgical site infections, 
giving an overall incidence proportion of 27.1%. 
Hospital-specific incidences were 25.4% and 30.3% 
for FTH and SSH, respectively. The different surgical 
procedures and their SSIs at the health facilities are 
shown in Table two. 

Data Analysis:

Results of mecA and SCCmec detection in MRSA 
isolates

18
Standards Institute (CLSI) guidelines.

For mecA and mecC detection, a master mix Zymo Taq 
premix (Zymo Research) containing Taq DNA 
Polymerase, PCR buffer, MgCl (1.75 μM), and 2 

ultrapure dNTPs was used. The PCR mixture was then 
prepared by adding  6.25  µL master mix, 4.25  µL 
sterile DNase-free water, 0.5  µL forward primer, and 
0.5 µL reverse primer for both mecA and mecC.20 
Multiplex PCR amplification was done by adding 1 µl 
each of the extracted DNA into a labelled PCR tube 
containing 12.5µl each of the PCR mixture. 
Amplification was completed in three different steps, 
each in 35 cycles: initial denaturation at 95˚C for 5 
minutes, then at 95˚C for 30 seconds, annealing at 57˚C 
for 30 seconds, extension at 72˚C initially for 30 
seconds, followed by a final extension at 72˚C for 10 

o 20minutes, and a hold at 4 C.

Antibiotic susceptibility of Staphylococci isolates
All the Staphylococci isolates were susceptible to 
linezolid (100%) with high susceptibility to 
chloramphenicol (95.2%) and ceftaroline (90%), while 
erythromycin (41.5%) and Ciprofloxacin (36.6%) 
showed lower susceptibility. (Figure 3). 

Electrophoresis of the amplified product was done 
using a 1.0% agarose gel at 120V for 1 hour and 30 
minutes. A fluorescent dye (ethidium bromide) and a 
molecular marker were used to assess the band size of 
each amplicon. The bands were viewed using a 
transilluminator (Fotodyne), and images were captured 
and interpreted using Omnidoc gel documentation 

19(Cleaver Scientific).

Among Staphylococcus aureus isolates, 9/12 (75%) 
were MRSA, while 11/29 (37.9%) Staphylococci other 
than Staphylococcus aureus (SOSA) were methicillin 
resistant. Inducible Clindamycin resistance was 
detected in 7/41 (17.1%) Staphylococci isolates. All 
MRSA 9/9 (100%) were susceptible to Vancomycin.

TMData were analysed using SPSS  version 26.0. 
Analysis, which involved frequencies and proportions, 
was done. Quantitative variables were summarised 
using tables and charts. The incidence of SSI was 
calculated using the total number of patients with SSI 
as the numerator and the total number of patients who 
had surgery as the denominator, all multiplied by 100.

Isolates confirmed as MRSA by VITEK 2 were further 
characterised by molecular techniques as follows: pure 
colonies from nutrient agar plates were picked and 
suspended in 100 µl of distilled water and placed into a 
heating block at 95ᴼC for ten (10) minutes, after which 
it was centrifuged at 30.000 × g for 1 minute. The 
supernatant containing the DNA was then transferred 

19
into a PCR tube.

For SCCmec typing, Master Mix Zymo Taq premix 
(Zymo Research) containing Taq DNA Polymerase, 
PCR Buffer, MgCl (1.75 μM), and dNTPs was used. 2 

The PCR mixture included 12.5 µL of master mix 
(Zymo Taq premix), 0.5 µL each of forward and reverse 
SCCmec primers, 7.5 µL nuclease-free water, and 5 µL 
of extracted DNA template.21 These were then inserted 
into the thermal cycler with their different 
amplification conditions. Amplification was initiated 
with denaturation at 94 °C for 5 minutes, followed by 
10 cycles at 94 °C for 45 seconds, annealing at 55 °C for 
45 seconds, and extension at 72 °C for 90 seconds. This 
was followed by another 25 cycles at 94 °C for 45 

19
seconds and a hold at 4 °C.  Positive and negative 
controls were used, NCTC 12493 and NCTC 12981, 
respectively.

Results:

Incidence of Surgical Site Infections

Of the 9 phenotypic MRSA isolates, 6 had the mecA 
gene, while no mecC gene was detected among the 
isolates (Figure 4). The SCCmec genes were detected in 
all the 9 MRSA isolates, with 8 SCCmec distinct 
types/subtypes identified: SCCmec (III, IIIA, IVa, 

Ethical approval: was received from the Ethical and 
Research Committees of  both Gombe state 
Government and the Federal Teaching Hospital 
Gombe.

Of the 402 participants who underwent surgery, 126 
(31.3%) were males and 276 (68.7%) were females. 
Among the participants, 113 (28.1%) had no formal 
education, while 110 (27.3%) had tertiary education. 
Two hundred and sixty participants (64.7%) were from 
F T H ,  a n d  1 4 2  ( 3 5 . 3 % )  w e r e  f r o m  S S H . 
Sociodemographic characteristics of the participants 
are shown in Table 1.  
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IVC, IVE, V, VI, and VII) (Figure 2). The predominant 
SCCmec type was SCCmec V (6/9, 66.7%), followed 
by SCCmec IIIA (4/9, 44.4%) and SCCmec IVE (3/9, 

33.3%) The least were SCCmec VII, IVD and IVC, all 
with single isolates (11.1%) (Figure 2).  

Characteristics SSH (%) FTH (%) Total (%) 

Age group (years)    

18–25 61 (43.0) 72 (27.7) 133 (33.1) 

26–35 45 (31.7) 102 (39.2) 147 (36.6) 

36–45 11 (7.8) 43 (16.5) 54 (13.4) 

46–55 10 (7.0) 20 (7.7) 30 (7.5) 

56–65 7 (4.9) 15 (5.8) 22 (5.5) 

≥66 8 (5.6) 8 (3.1) 16 (4.0) 

Total 142 (100) 260 (100) 402 (100.0) 

Gender    

Male 49 (34.5) 77 (29.6) 126 (31.3) 

Female 93 (65.5) 183 (70.4) 276 (68.7) 

Total 142 (100) 260 (100) 402 (100.0) 

Educational status    

Tertiary 28 (19.7) 82 (31.5) 110 (27.3) 

Secondary 37 (26.1) 82 (31.5) 119 (29.6) 

Primary 29 (20.4) 31 (12.0) 60 (14.9) 

Non-formal 48 (33.8) 65 (25.0) 113 (28.1) 

Total 142 (100) 260 (100) 402 (100.0) 

Table  2: Surgical procedure and indication with their corresponding SSIs  at SSH and FTH Gombe, Nigeria
 

Procedure SSH 
N (%) 

SSH 
SSI (%) 

FTH 
Gombe 
N (%)

 

FTH 
Gombe 
SSI (%)

 

Combined 
hospitals 

N (%)
 

Combined 
hospitals 
SSI (%)

 

Caesarean 
section 

60 (42.3) 11 (18.3) 106 (40.8) 17 (16.0) 166 (41.3) 28 (16.9) 

Exploratory 
laparotomy 

42 (29.6) 25 (59.5) 61 (23.4) 32 (52.4) 103 (25.6) 57 (55.3) 

Herniorrhaphy 13 (9.2) 1 (7.7) 14 (5.4) 2 (14.3) 27 (6.7) 3 (11.1) 

Appendectomy 9 (6.3) 3 (33.3) 4 (1.5) 1 (25.0) 13 (3.2) 4 (30.8) 

Excision of 
lump/lipoma 

5 (3.5) 3 (60.0) 8 (3.1) 2 (25.0) 13 (3.2) 5 (38.5) 

Myomectomy 1 (0.7) 0 16 (6.2) 1 (6.3) 17 (4.2) 1 (5.9) 

Mastectomy NA NA 14 (5.4) 2 (14.3) 14 (3.5) 2 (14.3) 

Others 12 (8.5) 0 12 (4.6) 5 (41.7) 24 (6.0) 5 (20.8) 

Prostatectomy NA NA 6 (2.3) 1 (16.7) 6 (1.5) 1 (16.7) 

Thyroidectomy NA NA 6 (2.3) 1 (16.7) 6 (1.5) 1 (16.7) 

Graft NA NA 11 (4.2) 0 11 (2.7) 0 

Tendon repair NA NA 2 (0.8) 2 (100.0) 2 (0.5) 2 (100.0) 

Total 142 (100) 43 (30.3) 260 (100) 66 (25.4) 402 (100) 109 (27.1) 

    Legend: SSI – Surgical Site Infection; SSH – State Specialist Hospital, Gombe; FTH – Federal Teaching Hospital,   
   Gombe; NA – Not applicable. Combined hospitals represent pooled data from SSH and FTH Gombe.
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Figure 1: Staphylococcus species causing SSIs in both SSH 
and FTH Gombe 

Figure 2: Distribution of SCCmec genes among MRSA isolated
 from SSI patients in both SSH and FTH Gombe
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spp isolated from SSIs in both SSH 

 

Antibiotics 

Eight of the nine (9) MRSA (88.9%) isolates had 
multiple SCCmec types, including one isolate with 4 
types, two with 3 types, and five with 2 types. (Figure 
5). 

Discussion:
This study identified staphylococci and SCCmec 
elements of MRSA isolated from surgical site 
infections. The overall SSI incidence of 27.1% is 
consistent with findings from Abuja, North-central 
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Figure 4: Electrophoretic pattern of 9 phenotypic MRSA 
isolates showing mecA genes: Lane L (DNA Ladder 100bp), 
Lanes: 1, 2,4,7,8 and 9 (mecA genes), Lanes: 3, 5 and 6 (No 
gene). Lane C: (Negative Control). Lane P: (Positive Control).

1500bp 
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Figure 5: Multiplex PCR SCCmec typing for 9 MRSA: L=ladder (100bp), 
Lane 1: (SCCmec V and VI), Lane 2: (SCCmec IIIA, V and VI), Lane 3: 
(SCCmec IIIA, IVD, IVE and VII), Lane 4: (SCCmec IIIA and V), Lane 5: 
(SCCmec III and IVE), Lane 6: (SCCmec IIIA, III and IVE), Lane 7: 
(SCCmec V), Lane 8: (SCCmec IVC and V), Lane 9: (SCCmec III and V), 
Lane C (Negative control), Lane C + (Positive Control)
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The finding that all staphylococci isolates were fully 
susceptible to linezolid may be likely due to the limited 
or non-use of the antibiotic, due to the unavailability of 
Linezolid in Gombe and its environs, and as such, the 
organisms had no prior sensitisation to the it to initiate 
or develop any form of resistance. Our study's findings 
on susceptibility are consistent with those of a Nigerian 

30 
multicenter study that included all clinical isolates.

31Pradeep et al. in India reported similar results.  
Susceptibility to Ceftaroline by Staphylococcus 
species was  (90.0%) using disk diffusion, which was in 
contrast to the studies that used E-strip, with (99.0%) 

32 33susceptibility.  Similar studies by  Khoshbayan et al.  
and  Sreedhanran et al.  reported full susceptibility to 
ceftaroline among 50 Staphylococcus aureus isolates, 

34including MRSA  A study in  Pakistan by  Aftab et al. 
evaluated the efficacy of ceftaroline against 
Staphylococcus aureus, and the findings were slightly 
different from this study, with 100% susceptibility for  
MSSA  and 95% susceptibil i ty for MRSA. 
Susceptibility testing showed moderate sensitivity to 
clindamycin (64.4%) and gentamicin (53.7%), and low 
susceptibility to the commonly used antibiotics such as 
cefoxitin (48.8%), erythromycin (41.8%), and 
ciprofloxacin (36.6%). These findings are in 
consonance with findings from a meta-analysis done in 

32Nigeria,  which showed a pooled susceptibility of 
Staphylococcus aureus to clindamycin (65.0 %,) and 

gentamycin (69.0%). Also consistent with our findings, 
is a report from Eastern Nepal by Chhetry et al., with 
susceptibility of 62.7%, 69.0%, 48.3%, and 48.3% to 
clindamycin, gentamycin, cefoxitin and erythromycin 

35
respectively.

The mecA gene has always been a surrogate molecular 
marker for MRSA as it encodes PBP2a. This study 
identified some MRSA isolates that harboured 
SCCmec elements but lacked mecA and mecC. 
Changes in the PBPs, hyper-production of other beta-
lactamases, and the presence of methicillinases are 
important factors that can confer resistance to some 
Staphylococcus aureus without them expressing either 

36
of the mecA or mecC genes.  A study in Zaria, Nigeria, 
by Olayinka et al, though not necessarily consistent 
with ours, however, showed all isolates were mecA 

37negative.  In Sudan, Elhassan et al. demonstrated that 
MRSA with no mecA gene exists and suggested further 

38
research on alternative genetic mechanisms.

11 22
Nigeria (27.6%),  Ethiopia (25.4%),  and Pakistan 

23(29.8%)  but higher than those from a systematic 
24

review and meta-analysis in Nigeria (14.5%),  and the 
25USA (0.7%).  The higher cumulative incidence in this 

study is likely be due to several factors, notably among 
that patients were actively followed up after discharge 
from the hospital, and SSIs developed at home were 
traced and included. These participants who developed 
SSI after discharge would have been missed if this 
surveillance had not been done. This approach has been 

26shown to increase SSI detection by up to 45%.  Also, 
use of surgical prophylaxis not guided by standard 
guidelines and the lack of streamlined SSI care bundles 
in both sites could also be responsible for this high 
incidence.

The incidence of SSIs in this study caused by 
Staphylococci was relatively high (9.8%) compared to 

27
findings in five European countries (0.4%).  with 
37.6% of SSIs in this study caused by Staphylococcus 
species  This result is, however, much lower than the 
very high percentage of staphylococci causing SSIs 

28reported in Sokoto, Northwest, Nigeria (66.8%).   The 
low prevalence reported in five (5) European countries 
may not be unconnected to the fact that screening and 
decolonization of both patients and staff, strict 
adherence and compliance to IPC measures, and the 
use of antibiotic prophylaxis guided by standards were 

27
strictly adhered to.

Our finding that all the MRSA isolates were susceptible 
to vancomycin conforms with reports from a 
multicentre study that characterized methicillin-
susceptible and -resistant staphylococci from clinical 
isolates across 8 different facilities in northeastern, 

30
north-central, and southwestern parts of Nigeria.  
Vancomycin remains the antibiotic of choice for the 
management of infections caused by MRSA. 

Our finding that a majority of the MRSA isolates 
(66.7%) harboured the SCCmec V contrasts with 
findings reported in a multicentre study in Nigeria, 

30where SCCmec IV was the predominant type.  In  
South-South Nigeria, SCCmec II was reported as the 
predominant type, however, this study included both 
MRSA and MRSOSA 39  Another study in Malaysia 
reported findings slightly different from this study, 
with SCCmec II as the most predominant type, with a 
significant proportion of the SCCmec detected being 

40type V.   This study also showed that SCCmec IIIA, III, 
IVE and VI were common among patients with SSI 
caused by MRSA,  which is consistent with results 
from a study in Nigeria that reported  SCCmec III as the 

30
second most predominant type,  This preponderance 
of SCCmec V and IV in this study is in keeping with 

41
findings from a study in China.  

The finding that all but one of these MRSA isolates 
harboured multiple SCCmec genes agrees with 
numerous studies that have demonstrated the presence 
of multiple SCCmec genes in one organism. Chen et al. 
in Beijing, reported the presence of multiple SCCmec 
genes in some staphylococci other than Staphylococcus 

42aureus.  Nagasundaram and Sistla also reported a 
significant number of MRSA harbouring more than one 

43SCCmec gene.  This study found that MRSA carrying 
multiple SCCmec genes were resistant to more 
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