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Abstract

Background: Periprosthetic joint infections (PJIs) are a major source of morbidity and mortality for patients
undergoing total joint arthroplasty (TJA). Staphylococcus aureus (S. aureus) colonization is an independent,
modifiable risk factor for periprosthetic joint infections. Post-operative infections are reported to be ten times
greater in S. aureus carriers than in non-carriers in developed countries though recorded data is lacking for the
developing world. This study aims to determine the prevalence of S. aureus colonization in patients awaiting TJA in
South Africa.

Methods: We prospectively assessed 119 patients awaiting total knee arthroplasty and total hip arthroplasty
between May and October 2016. We screened three separate anatomical sites on each patient for S. aureus.
Patients with positive cultures were treated with intranasal mupirocin ointment and chlorhexidine body wash.
Univariate and comparative statistical analyses to determine risk factors for colonization was conducted using t
tests, Fisher’s exact tests, and chi-square analyses.

Results: The overall prevalence of methicillin-sensitive S. aureus colonization was 31.9% (n = 38). There were no
patients colonized with methicillin-resistant S. aureus. Nasal swabs returned a yield of 81.6% (n = 31), with groin
swabs and axillary swabs at 39.5% (n = 15) and 28.9% (n = 11), respectively. Eradication was successful in
94.74% (n = 36) after 5 days treatment. All patients (100%) were decolonized after counseling and repeat
eradication treatment. The overall complication rate was 7.6% (n = 9). The 30-day readmission rate in the S. aureus-
colonized group was 7.9% (n = 3) as opposed to 7.4% (n = 6) in the non-colonized cohort. There were no 60- and 90-
day readmissions and no cases were revised at a mean follow-up of 2.26 years.

Conclusions: The rate of S. aureus colonization in patients undergoing elective TJA in a developing country was 31.9%
and is equivalent to reported rates in developed countries. Eradication treatment with combined intranasal mupirocin
ointment and chlorhexidine body wash is a successful treatment modality. A larger cohort of patients is recommended
to determine risk factors and post-operative septic sequelae in this population group.
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Introduction
Total joint arthroplasty (TJA) is a commonly performed
orthopedic operation and remains a reliable, reprodu-
cible, and cost-effective surgical procedure [1]. The de-
mand for total hip arthroplasty (THA) and total knee
arthroplasty (TKA) is high and continues to rise due to
overall patient satisfaction [1]. The average rate of THA
and TKA worldwide has increased by an estimated 30%
and 100% respectively, between 2000 and 2015 [1]. Ap-
proximately 93,000 THA and 100,000 TKA procedures
were performed in the United Kingdom (UK) in 2018
[2]. There were over 1 million TJA cases performed in
the United States of America (USA) in 2018 [3], and this
is projected to increase at an alarming rate to over 4 mil-
lion annual procedures by 2030 [4]. This overwhelming
demand represents a massive economic burden on health-
care systems which is compounded by readmissions up to
2 years post-operatively [5]. Approximately half of these
readmissions are due to medical co-morbidities and unre-
lated to the surgical procedure itself [5].
Periprosthetic joint infections (PJI), including surgical

site infections (SSI), are infective post-operative compli-
cations resulting in severe morbidity and mortality [6].
The cumulative incidence of PJI after primary THA and
TKA is 1.4% after 10 years [7] and has a 5-year mortality
rate of 21.12% [6]. PJI is the third most common cause
of THA revisions and the most common cause of TKA
revisions, worldwide [7]. In the USA, over 50% of 90-day
readmissions after TKA are as a result of PJI [3]. The an-
nual cost for revisions due to PJI was US$566 million in
2009 and is expected to increase to US$1.62 billion by
2020 [7]. Literature describes a well-established in-
creased risk for PJI after TJA in patients colonized with
Staphylococcus aureus (S. aureus) on their nasal on skin
flora [8–10]. Furthermore, SSIs resulting from S. aureus
colonization are higher in patients undergoing TJA when
compared to other orthopedic procedures [11] and ac-
count for more than 60% of infections complicating
THA or TKA [12].
The most common site of S. aureus colonization is the

anterior nares but it can also be found asymptomatically
on the skin of up to one third of the general population
[13]. Nasal carriers of S. aureus are up to nine times
more likely to develop a SSI than non-carriers [14]. The
two primary subtypes of S. aureus are namely
methicillin-sensitive S. aureus (MSSA) and the more
virulent methicillin-resistant S. aureus (MRSA) [15]. The
risk of infection in MRSA-colonized patients is greater
than in patients that are not colonized with MRSA [15].
Furthermore, the length of hospital stay as a result of
MRSA-related SSI is almost double in comparison with
non-MRSA SSIs [15]. There is a geographical discrep-
ancy with the incidence of S. aureus nasal colonization
reported as ranging from 1.1 to 25% [16, 17]. The

incidence of SSIs caused by S. aureus in the USA be-
tween the early 1990s until 2010 has increased from 20
to 30.4% [12]. In Africa, an associated additional risk fac-
tor for S. aureus colonization is concurrent human im-
munodeficiency virus (HIV) infection [18]. South Africa
bears the greatest burden of HIV worldwide [19]; how-
ever, S. aureus surveillance data from African countries
is scanty [20].
Pre-operative colonization with S. aureus is a recog-

nized independent modifiable risk for infective compli-
cations after TJA [21]. Several studies have documented
the prevalence of S. aureus in patients for TJA in devel-
oped countries; however, there are limited epidemiology
reports of trends in the developing world [16, 17]. The
aim of the study was to assess the prevalence of S. aur-
eus colonization in patients admitted to a South African
academic hospital for elective primary TJA and the sub-
sequent incidence of PJIs in these patients.

Methods
The study was a prospective analysis conducted in the
Arthroplasty Unit at Charlotte Maxeke Johannesburg Aca-
demic Hospital in Gauteng between May and October
2016. A mathematical formula was used to calculate the
sample size required for a prevalence study to achieve a
statistical level of confidence of 95% [22]. The sample size
required was calculated to be 100 subjects given an esti-
mated regional prevalence rate of 30% [22, 23]. Patients
included in the study were adults 18 years of age or older
and undergoing elective primary THA or TKA. Exclusion
criteria applied to patients unwilling to participate in the
study or undergo swabbing for S. aureus pre-operatively.
Additional exclusion criteria included patients presenting
with traumatic neck of femur fractures for emergency pri-
mary THA, those who were unable to sign consent for the
elective surgical procedure and/or participation in this
study and/or for swabbing for S. aureus culture testing.
Lastly, patients who required revision THA or TKA were
excluded.
Medical clearance was obtained from the institutional

ethics committee registered with the national ethics
council of the Department of Health. Informed consent
was obtained from all the eligible patients who were
willing to participate in the study. These patients were
assessed pre-operatively and demographic data was re-
corded including age, gender, body mass index (BMI),
and tobacco use. Co-morbid conditions were also identi-
fied such as diabetes mellitus, rheumatoid arthritis, and
HIV infection. Patients with unknown HIV status were
consented for HIV screening and subsequently tested.
The CD4+ T cell count (CD4+) and viral load (VL) of all
HIV-positive patients were measured.
Three separate swabs of the anterior nares, axilla, and

inguinal areas for each individual patient were sampled,
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before their planned operative procedures. Testing multiple
sites for S. aureus colonization increases the likelihood of
identifying potential carriers [12]. All samples were sent to
the Infection Control Services Laboratory at the National
Health Laboratory Services. Swabs were prepared on plates
and after 18–24 h incubation, cultures with staphylococci-
resembling colonies were picked off and these isolates got
manual senses performed [24]. Results were ready within
72 h of sample collection and included identification results
for MSSA and MRSA subtypes.
If the swabs did not culture S. aureus from any of the sites,

those patients underwent TJA. Patients with positive cul-
tures were provided with mupirocin ointment and two bot-
tles of chlorhexidine wash. Several potential decolonization
strategies exist with the most consistently successful eradica-
tion protocol involving the use of intranasal mupirocin oint-
ment [25, 26]. Chlorhexidine body wash is used as an
adjunct to mupirocin ointment [25, 26]. These patients were
instructed to spray topical mupirocin intra-nasally twice per
day and to apply chlorhexidine directly to the skin of their
hips, knees, axilla, and groin with circular movements twice
daily for 5 days.
After 5 days of treatment, the participants were subse-

quently re-swabbed and tested for S. aureus via the same
process as detailed previously. Results were reviewed and
those with negative cultures then received TJA. Patients who
remained culture positive received repeat counseling and
were placed on the eradication protocol again. They once
again returned after five subsequent days and underwent re-
swabbing and re-testing of all three areas. In the event that
any of the third set of swabs remained positive for MSSA or
MRSA, the patients would then be were referred to the In-
fectious Diseases Unit for further management.
All patients were monitored post-operatively after dis-

charge with initial review after 17 days for removal of
surgical incision clips. Participants were closely followed
up post-operatively at 30 days, 6 weeks, 6 months, 1
year, and annually thereafter. They were, however, coun-
seled and requested to return if there were any surgical
incision concerns, wound ooze, or drainage before then.
Patients were observed for a minimum follow-up period
of 2 years and all complications were recorded.
Univariate and comparative statistical analyses were

conducted to determine which variables were risk factors
for S. aureus colonization by using independent samples
t tests, Fisher’s exact tests, and chi-square analyses. Odds
ratios and corresponding 95% confidence intervals were
estimated using binary logistic regression analyses for S.
aureus carriage for each potential risk factor. Statistical
significance was set at p < 0.05.

Results
There were 119 patients included in the study that were
subdivided into 41 patients (34.5%) for THA and 78

patients (65.5%) for TKA. There were no patients colo-
nized with MRSA, and the overall TJA prevalence of
MSSA-colonization was 31.9% (n = 38) (Table 1). The S.
aureus colonization rate for patients undergoing TKA (n
= 26) and THA (n = 12) was 21.8% and 10.1% respect-
ively; however, the difference was not statistically signifi-
cant (p value = 0.182). Patients awaiting TKA were 1.7
times more likely to have S. aureus colonization than
those awaiting THA (OR TKA = 0.58, OR THA = 0.33).
The anatomical sites screened returned yields of 81.6%

(n = 31) for nasal swabs, 39.5% (n = 15) for groin swabs,
and 28.9% (n = 11) for axillary swabs. Further inspection
of the results (Table 2) revealed that of the 38 patients
with S. aureus colonization, 42.1% (n = 16) tested posi-
tive in the anterior nares only, compared to 7.9% groin
only (n = 3) and 5.3% axilla only (n = 2). There were no
statistically significant risk factors identified according to
demographic factors and co-morbidities (Table 3).
Eradication was successful in 94.74% (n = 36) after 5

days treatment. There were two patients (5.26%) who
failed eradication; however, all patients (100%) were
decolonized after counseling and repeat eradication
treatment.
The overall complication rate was 7.6% (n = 9) (Table 4).

There was no significant difference (p = 0.925) in the

Table 1 Swab culture results of TJA population and anatomical
sites

Demographic Sample
(n)

S. aureus prevalence p value

% 95% CI (%)

Total 119

TJA 38 31.9 24.1–40.7 0.067

TKA 26 21.8 13.2–30.1

THA 12 10.1 3.7–21.2

Culture-positive
samples

38

Nasal 31 81.6 67.2–91.4 0.000

Groin 15 39.5 25.2–55.3

Axilla 11 28.9 16.5–44.5

Table 2 Summary of S. aureus prevalence Sensitivity according
to Anatomical Sites Screened

Site S aureus prevalence p value

n % 95% CI (%)

Nasal only 16 42.1 27.5–57.9 0.000

Groin only 3 7.9 2.3–19.6

Axilla only 2 5.3 1.1–15.8

Nasal and groin 19 50 37.4–82.2 0.000

Nasal and axilla 18 47.3 40.9–65.1 0.000

Groin and axilla 5 13.2 5.4–18.2 0.333
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incidence of complications in those with or without S. aur-
eus colonization. The 30-day readmission rate in the
MSSA-colonized group was 7.9% (n = 3) as opposed to
7.4% (n = 6) in the non-colonized cohort. There were no
60- and 90-day readmissions. The causes for readmissions
are depicted in Fig. 1. All three wound oozes occurred in
patients after TKA. These were managed by readmission,
withholding anti-coagulation for 2 days and icing the af-
fected limb. The wound ooze in all three patients had
stopped before discharge. All four readmissions were due
to medical reasons, namely three deep vein thrombosis
events and one myocardial infarction. There were no inci-
dences of SSIs or PJIs in this cohort of patients. There were
no cases of revision TJA for any cause in any patient at a
mean follow-up of 37.34 months.

Discussion
This study reports that the incidence of MSSA-
colonization in patients undergoing TJA in South Africa
was 31.9%. Analysis of the TJA population indicated a
1.7-fold increased risk for MSSA-colonization in those
awaiting TKA compared to THA respectively (OR TKA
= 0.58, OR THA = 0.33). In the USA, Ramos et al. found
that the prevalence of S. aureus colonization in 13,828
consecutive THA, TKA, and spinal fusions was 18.21%
[27]. A similar increased prevalence for MRSA was ob-
served in TKA patients (16.3%) compared to THA pa-
tients (12.99%) respectively [27].
While no previous studies conducted on S. aureus

prevalence in a TJA population in South Africa, an epi-
demiological study found that nosocomial incidence of
MSSA and MRSA varied from 1.9 to 3.7 cases per 1000
admissions and 0.03 to 0.08 cases per 1000 admissions,
respectively [28]. In the USA, several studies of patients
for TJA report the incidence of S. aureus colonization to
range between 17.5–25.1% for MSSA and 1.8–5% for
MRSA [29–31]. There have been several published S.
aureus prevalence studies in the USA for a TJA popula-
tion; however, respective data for other regions is lim-
ited. Hadi et al. reported that 20.8% of 226 patients
awaiting TJA in Arak, Iran, were S. aureus carriers [32].

Table 3 Prevalence of S. aureus colonization by demographic
and co-morbid factors

Demographic Sample S. aureus prevalence p value

Group n n % 95% CI (%)

Total sample 119 38 31.9 (24.1–40.7)

Age < 50 years 10 3 30.0 (9.3–60.6) 0.639

50–70 81 28 34.6 (24.9–45.3)

> 70 years 28 7 25.0 (11.9–42.9)

Sex Male 30 9 30.0 (16.0–47.7) 0.793

Female 89 29 32.6 (23.5–42.8)

Race Black 79 26 32.9 (23.3–43.7) 0.877

Colored 6 2 33.3 (7.7–71.4)

Indian 6 1 16.7 (1.9–55.8)

White 28 9 32.1 (17.2–50.5)

Domicile Rural 8 3 37.5 (11.9–70.5) 0.727

Urban 111 35 31.5 (23.4–40.6)

BMI (kg/m2) < 30 44 17 38.6 (25.3–53.4) 0.484

30–39 53 15 28.3 (17.6–41.3)

> 40 22 6 27.3 (12.3–47.8)

Previous TJA Yes 38 15 39.5 (25.2–55.3) 0.089

No 81 23 28.4 (19.5–38.8)

Smoking Yes 95 30 31.6 (22.9–41.4) 0.869

No 24 8 33.3 (17.2–53.2)

Alcohol Yes 93 30 32.3 (23.4–42.2) 0.886

No 26 8 30.8 (15.8–49.8)

HIV Positive 25 10 42.1 (22.3–64.1) 0.065

Negative 94 28 30 (21.7–39.5)

Diabetes Yes 19 6 32 (14.4–53.9) 0.971

No 100 32 31.6 (23.5–41.6)

RA Yes 102 29 28.4 (20.4–37.7) 0.45

No 17 9 52.9 (30.3–74.6)

Hypertension Yes 43 15 34.9 (22–49.7) 0.604

No 76 23 30.3 (20.8–41.2)

Table 4 Post-operative complications of S. aureus-colonized vs. non-colonized patients

Pathological cause Prevalence (%)

Total (n = 119) S. aureus + (n = 38) S. aureus − (n = 81)

All cause 7.6 7.9 7.4

Wound ooze 2.5 2.6 2.5

Deep vein thrombosis 2.5 2.6 2.5

Myocardial infarction 0.84 0 1.2

Sciatic nerve neuropraxia 0.84 0 1.2

Pneumonia 0.84 2.6 0

p value = 0.925
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Tsang et al. reported the prevalence for MSSA at 37.9%
and MRSA at 2.3%, in 273 TJA patients in the UK [33].
Barbero Allende et al. identified 26.7% of patients colo-
nized with S. aureus awaiting TJA in Spain [34].
Several risk factors have been described for S. aureus

colonization including gender, age, recent hospitalization,
ethnicity, genetic predisposition, diabetes mellitus, HIV,
hemodialysis, other concurrent skin infections, and anti-
biotic treatment misuse [35]. This study did not identify
any statistically significant risk factors that predicted for
the pre-operative colonization with S. aureus, which was
likely due to the small sample size.
The small cohort of patients showed a trend of in-

creased prevalence of S. aureus colonization in HIV
positive patients (p = 0065). Higher rates of S. aureus
colonization have been reported in HIV-infected patients
with the incidence of MRSA reported as high as 31%
[36, 37]. Among nosocomial S. aureus infections in
South Africa, the overall prevalence of HIV was found to
be 32%, which subdivided into 42% and 27% for MRSA
and MSSA cases respectively (p = 0.106) [28]. In a re-
view of 404 HIV-infected outpatients from two separate
centers in Botswana, the nasal colonization of S. aureus
and MRSA was 36.9% and 3.2% respectively [37]. In
HIV-infected patients, those living with children and in
high population-density areas were at significantly in-
creased risk for S. aureus colonization [37]. All HIV-
infected patients in this study were on HAART pre-
operatively. The VL of all patients was undetectable be-
fore surgery. The low incidence of HIV-infected patients
colonized with S. aureus may be as a result of good dis-
ease control although the population sample was too
small to correlate statistically significant conclusions.

In our study, 81.6% of identified MSSA-carriers had
positive cultures from swabs taken from the anterior
nares. The anterior nares are the primary site of S. aur-
eus colonization while other areas that may serve as res-
ervoirs include the oropharynx, axillae, groin, perineum,
forehead, and neck [12, 38]. Sampling these sites in
addition to the anterior nares may improve the detection
rates of S. aureus however this will infer an increased fi-
nancial burden.
The decolonization rate using mupirocin and chlor-

hexidine was 94.74% in this study and is in keeping with
literature. Moroski et al. evaluated the effectiveness of a
MSSA and MRSA decolonization regime of nasal car-
riers in patients undergoing primary and revision TJA
[26]. The decolonization strategy was a 5-day pre-
operative course of intranasal mupirocin only and chlor-
hexidine was not included [26]. Moroski et al. demon-
strated that 34% of MSSA carriers remained colonized
despite treatment, while 92% of MRSA-carriers were
successfully decolonized [26]. Conversely, Jeans et al.
showed that eradication therapy with mupirocin oint-
ment in patients awaiting TJA was most efficacious in
patients colonized with MSSA rather than MRSA [39].
Barbero Allende et al. showed that the identical strategy
to the one employed in our study resulted in a 98%
decolonization rate [34]. The use of intranasal mupirocin
and full body chlorhexidine wash yielded good results
and supports the combination of both treatment
modalities.
A number of strategies regarding the management of

potential S. aureus colonization of patients awaiting
THA and TKA exist. The two most common are a
“Screen and Treat” protocol [40, 41] and a policy of uni-
versal decolonization [11]. The efficacy of screening and

Fig. 1 Cumulative 30-, 60-, and 90-day readmission rates and pathological causes
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subsequently treating patients colonized with S. aureus
has been proven [9, 11, 42–44]. However, decolonizing
all patients pre-operatively without screening for S. aur-
eus is simpler, less time consuming and less dependant
on other resources, such as laboratories and staff to
process the tests for instance [11]. Universal treatment
has also been shown to be more cost-effective [11].
However, the evolution of bacterial resistance to the top-
ical antimicrobials such as mupirocin becomes a factor
of concern [45]. The Proceedings of the International
Consensus on Orthopaedic Infections could not make
any definitive recommendations regarding the most ef-
fective approach to managing and treating S. aureus
colonization pre-operatively due to inconsistent litera-
ture reports [11]. Screening and treating or only treating
patients with certain medical or demographic risk pro-
files was, however, strongly discouraged [11]. Risk fac-
tors for S. aureus colonization vary greatly and are
poorly defined. The most suitable approach may actually
differ at various individual institutions and be influenced
by that institutions’ PJI rate and patient subpopulations
seen and treated [11].
There were no post-operative septic sequelae, with no

incidences of SSIs or PJIs and no cases of revision TJA
in this study at a mean follow-up of 37.34 months. How-
ever, this study included a small sample size and this
data cannot be extrapolated to be of statistical signifi-
cance. S. aureus colonization has been identified as a
modifiable risk for SSI [21]. Patients colonized with S.
aureus have a nine- to ten-fold increased risk of devel-
oping a SSI [10, 16]. MRSA colonization infers an add-
itional four-fold increased risk of infective complications
in comparison with MSSA colonization [16]. Molecular
typing has helped link S. aureus colonization with SSI in
THA, TKA, and spine surgery [27]. The exact S. aureus
subtype found pre-operatively on nasal swab sampling
was found to be the infective organism in 85.71% of
cases [27].
Ramos et al. found that S. aureus colonization was

identified as a significant risk factor for SSI in TKA pa-
tients [27]. The incidence of SSI in the colonized pa-
tients after receiving eradication therapy was lower
(2.39%) than in non-colonized patients (4.35%) [27].
Sporer et al. reported that the decolonization of S. aur-
eus carriers revealed a 69% reduction in the rate of SSIs
in comparison with a control group who had not been
screened and treated [29]. In a systematic review of 79
papers from both the Portuguese and English literature,
Sadigursky et al. reported that the use of prophylaxis to
promote pre-operative decolonization of MRSA de-
creased the incidence of SSI by almost 39% [38]. Jeans
et al. showed that the adoption of an S. aureus screening
and decolonization program in patients awaiting TJA re-
duced the PJI rate significantly from 1.92 to 1.41% [39].

Ultimately, £1893 was saved per case by decreasing the
PJI rate [39]. Similarly, Barbero Allende et al. showed
that the identical decolonization strategy to the one
employed in our study resulted in an amelioration of the
rate of SSI by 40.7% [34].
There were several major weaknesses identified in the

evaluation of the study. The primary limitation was the
small sample size of the population. The sample size was
calculated in order to evaluate an accurate prevalence de-
nomination for a specific population; however, it was not
large enough to determine the secondary aims such as sig-
nificant risk factors or post-operative consequences.
Secondly, the success of eradication was only assessed

on repeat swabs taken immediately after completion of
the eradication therapy. A systematic review reported
that the successful eradication of S. aureus was 95% after
1 week; however, the rate decreased to 64% upon a sub-
sequent review after 2 weeks [46]. Treatment failure
risks were associated with colonization at multiple ana-
tomic sites, longer hospital stays, and bacterial resistance
to mupirocin [45].
Additionally, the testing for S. aureus did not make

use of other techniques like polymerase chain reaction
(PCR) tests or pre-plating the broth enrichment of swabs
for culture to optimize the yield. These have been shown
to definitively improve the detection rate of nasal MSSA
colonization [33]. Tsang et al. showed that almost one
third of both MRSA and MSSA carriers are missed
should PCR and pre-plating of the broth enrichment of
culture swabs not be added to traditional swabbing tech-
niques [33]. However, the use of PCR testing would have
increased the costs of conducting this study and is not-
able in the context of a developing country such as
South Africa. Lastly, only patients awaiting TJA that
were screened for S. aureus colonization pre-operatively
were included in the study, and there was no control
group with which to compare all outcomes.

Conclusion
To our knowledge, this is the first study conducted in
Sub-Saharan Africa to evaluate the prevalence of S. aur-
eus for patients awaiting TJA. The rate of S. aureus
colonization in patients undergoing elective TJA in a de-
veloping country was 31.9% and is equivalent to re-
ported rates in developed countries. A larger cohort of
patients is recommended to determine risk factors and
post-operative septic sequelae in this population group.
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