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Introduction
Staphylococcus aureus are natural residents on the skin and mucous membranes of a wide range of 
host species.1 For example, healthy people carry S. aureus as a part of their normal microbiota in 
the nose, throat, perineum or skin.2,3 However, these organisms may become pathogenic if they 
gain entry into the host tissue through trauma of the cutaneous barrier.4,5 

The clinical significance of many Staphylococcus spp. has traditionally been dismissed because of 
their ubiquitous nature, and as a result, their isolation has been considered contaminants.6 
However, this perception is changing because of many species emerging as important causes of 
nosocomial infections, particularly for medical devices and in immunocompromised patients.7 In 
addition, Staphylococcus spp. have been reported in clinical conditions such as boils, impetigo, 
food poisoning, cellulitis and toxic shock syndrome. However, skin infections including cellulitis, 
folliculitis, furuncles, impetigo and subcutaneous abscesses are the most common.8 

Staphylococcus spp. are classified into coagulase positive or negative based on their ability to produce the 
coagulase enzyme that causes blood to clot. Coagulase-positive Staphylococcus (CoPS) are responsible for 
a variety of opportunistic infections not only in humans but also in animals.1 Transmission of these 
organisms occurs through direct contact with colonised or infected persons or animals or through indirect 
contact with contaminated objects. Among CoPS, S. aureus is the most common species. However, CoPS 
such as Staphylococcus pseudintermedius and Staphylococcus schleiferi subspecies coagulants have also been 
reported in clinical conditions.9 Staphylococcus argenteus and Staphylococcus schweitzeri, previously known 
as divergent S. aureus clonal lineages, were recently identified as novel, difficult-to-delimit S. aureus 
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complex CoPS. The lack of knowledge about their epidemiology, 
medical significance and transmission risk makes definitive 
recommendations difficult. However, there is growing evidence 
suggesting that S. argenteus pathogenicity is similar to that of S. 
aureus, while no S. schweitzeri infections have been reported.10

Although coagulase-negative Staphylococcus (CoNS) are 
predominant in domestic animals, human infections have also 
been reported.6 For example, S. epidermidis has been reported 
as causing severe infections in immunosuppressed patients 
and those with central venous catheters.11 Meanwhile, 
S.  saprophyticus  has been implicated in genitourinary tract 
infections. In recent years, S. lugdunensis also has emerged as 
an important cause of disease in humans.6 In addition, 
members of ‘S. epidermidis group’ that include S. capitis, 
S. hominis, S. simulans, and S. warneri have been reported in human 
clinical cases.6

Currently, there are limited published studies investigating 
the distribution of Staphylococcus spp. among humans in 
South Africa. Available studies have focused mainly on 
S.  aureus infections.11,12,13 Improved understanding of the 
burden of infections caused by the various Staphylococcus 
spp. in settings such as South Africa is needed. This will help 
increase the awareness of Staphylococcus infections and 
guiding empirical treatment. Therefore, the objective of this 
study was to describe the distribution of Staphylococcus spp. 
isolated from human samples submitted to diagnostic 
laboratories in South Africa based on person, time and space.

Methods
Study design and data extraction
A cross-sectional retrospective study design was implemented. 
Records of 404 217 Staphylococcus spp. isolated from 123 
diagnostic laboratories countrywide during the period 2012 
and 2017 were extracted from the National Health Laboratory 
Service (NHLS) electronic database. These laboratories service 
the public health sector hospitals and receive samples from all 
levels of healthcare service (district, regional, tertiary and 
central) in South Africa. Specimens submitted for 
microbiological analysis included skin, blood, urine, catheters 
(central venous catheter and haemodialysis), nasopharyngeal 
fluid and specimens from other body sites. For each isolate, 
data extracted from the NHLS database included a combination 
of demographic information, clinical information, antimicrobial 
sensitivity test results and information on the temporal trends. 

Data of all Staphylococcus spp. identified between 2012 and 
2017 were extracted from the NHLS data set. For each isolate, 
the following variables were extracted specimen type, age, 
gender, date and locality (province).

Data management
To prepare the data for analysis, the data were inspected for 
inconsistencies such as missing information, incorrect 
addresses and duplicate entries. No duplicates were 
identified and no mixed infections were reported. 

The variable ‘age’ was recategorised into the following 
14  categories using the cohort-component method for 
population estimation produced by Statistics South Africa 
(Stats SA), 0–4 years, 5–9 years, 10–14 years, 15–19 years, 
20–24 years, 25–29 years, 30–34 years, 35–39 years, 40–44 years, 
45–49 years, 50–54 years, 55–59 years, 60–64  years and 
>  65  years (p. 25).14 Months were categorised into four 
seasons: autumn (March, April and May); winter (June, July 
and August); spring (September, October and November) 
and summer (December, January and February). The type of 
specimens was classified into the following five categories: 
skin, urinary, blood, nasopharyngeal fluid and ‘All other 
sites’. ‘All other sites’ included unidentified and specimen 
types with a percentage less than 0.02% (Online Appendix 1).

Data analysis
All data processing and analyses were performed using 
Stata Statistical Software (Release 13. College Station, Texas: 
StataCorp LP).15 Crude and factor-specific proportions for 
categorical variables and their corresponding 95% 
confidence intervals (95% CI) were computed and presented 
based on time, person and place. Annual changes in the 
proportion of Staphylococcus spp. were displayed using 
temporal graphs. 

Ethical considerations
Access to the NHLS database and patient information is 
restricted to laboratories staff working within the NHLS 
and can only be accessed at the premises of the NHLS. Thus, 
data extraction was carried out by the NHLS staff and  
de-identified data were provided to the researcher. 
Confidentiality and anonymity were always maintained by 
ensuring that patient personal information was not included 
in articles and reports. In addition, permission to use the 
data was obtained from the NHLS. Ethical approval was 
obtained from the University of  South Africa College of 
Agriculture & Environmental Sciences’ Health Research 
and Animal Research Ethics Committees (Ref: 2018/
CAES/107). The data were kept safe from unauthorised 
access, accidental loss or destruction. Data in the form of 
softcopies were kept as encrypted files in computers and 
flash drives.

Results
In a total of 404 217 staphylococci isolated, 32 different 
Staphylococcus spp. were identified. Coagulase-positive 
Staphylococcus comprised 74.6%, while CoNS made up 19.2%. 
The remaining 6.4% were coagulase-variable (meaning that 
some strains can be coagulase positive and some coagulase 
negative).

Among the CoPS, S. aureus was the most commonly isolated 
species (74.4%), followed by S. intermedius (0.1%), and then 
S. pseudintermedius (0.05%). On the other hand, among the CoNS, 
S. epidermidis (11.0%) was most commonly isolated, followed 
by S. haemolyticus (3.3%) and S. hominis (1.6%) (Table 1).

http://www.sajid.co.za
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Distribution of Staphylococcus spp. by the 
demographic characteristics of patients 
Although overall patients aged 0–4 years contributed the 
highest number of Staphylococcus spp. (21.5%), as shown in 
Figure 1, in comparison to the other age groups, patients 
aged 0–4 years contributed the lowest number of CoPS. 
However, the proportion of CoNS was higher among patients 
aged 0–4 in comparison to other age groups. Meanwhile, 
there was no distinct variation in the number of the CoNs, 
CoPS and coagulase variable species between the age group 
5–9 years and above, and unknown (patients whose age was 
not captured).

The highest proportion of Staphylococcus isolates came from 
KwaZulu-Natal province (32.8%). Gauteng (21.1%) contributed 
the second highest number followed by the Western Cape 
(14.9%), and Eastern Cape (13.5%). 

Specimens from 81 different sources were submitted and 
classified into five main groups. Overall, skin was the most 
common specimen (39.7%), followed by urine (29.8%), blood 
(20.5%) and nasopharyngeal swab (9.8%). Specimens from other 
sites made up of 0.2% of the total specimens identified (Table 2). 

Slightly over half (51.2%) of the isolates came from males. 
The remaining 44.8% were obtained from female patients. 
Similar proportions of Staphylococcus were reported in the 
different seasons of the year: autumn (25.2%), winter (25.2%), 
spring (25.1%) and summer (24.5%) seasons (Table 2).

Overall, the lowest number (14.7%) of Staphylococcus spp. 
was reported in 2012. However, the number increased to 
18.4% by the end of 2016 and then declined to 17.9% in 2017. 

Figure 2 shows the number of S. aureus, S. epidermidis, 
S. haemolyticus and unspecified species reported over the study 
period. Staphylococcus aureus was the most commonly isolated 
throughout the study period. The number of isolates of the 
different species remained constant between 2012 and 2017.

Discussion
This study describes the distribution of staphylococci 
isolated from human samples submitted to NHLS diagnostic 

TABLE 1: Distribution of Staphylococcus spp. isolated at diagnostic laboratories 
between 2012 and 2017.
Organism n % 95% CI

CoPS
S. aureus 300 779 74.4 73.40–73.50
S. intermedius 540 0.1 0.12–0.14
S. pseudintermedius 223 0.1 0.05–0.06
CoNS
S. epidermidis 44 364 11.0 10.90–11.10
S. haemolyticus 13 406 3.3 3.30–3.40
S. hominis 6443 1.6 0.15–0.16
S. saprophyticus 4041 1.0 0.97–1.03
CoPS/CoNS
Unspeciated Staphylococcus 25 674 6.4 6.30–6.40
S. schleiferi 74 0.02 0.01–0.02
S. hyicus 77 0.02 0.01–0.02

CI, confidence interval; CoPS, coagulase-positive Staphylococci; CoNS, coagulase-negative 
Staphylococci. 
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FIGURE 1: The distribution of coagulase-positive Staphylococcus, coagulase-negative Staphylococcus and coagulase variable species among patients by age group for the 
period 2012–2017.
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http://www.sajid.co.za
https://www.mappr.co/counties/south-africa/
https://www.mappr.co/counties/south-africa/


Page 4 of 7 Original Research

http://www.sajid.co.za Open Access

laboratories. Although the CoPS group were the predominant 
species isolated over the study period, CoNS were also 
frequently isolated. Staphylococcus aureus was the most 
commonly isolated CoPS, while S. epidermidis and 
S. haemolyticus were the most frequently isolated CoNS. The 
skin samples contributed the highest number of 
Staphylococcus isolates in this study. Based on sex and age, 
Staphylococcus spp. were more frequently isolated from 
males than females and from children than the adults. 
Although the proportion of CoPS spp. observed in patients 
aged 0–4-year-old was lower than older age groups, a higher 
proportion of CoNS isolates was observed among patients 
aged 0–4 years than older age groups. While there was 
evidence of differences in the proportion of staphylococci by 
province in Figure 3,16 with KZN (KwaZulu-Natal province) 
NHLS (National Health Laboratory Service) contributing the 

highest number, there was no  seasonal variation in the 
number of Staphylococcus isolated. 

Distribution of Staphylococcus spp. based on 
coagulase reaction
Among Staphylococcus spp. isolated in this study, the majority 
belonged to the CoPS group. This was expected because 
CoPS are commonly associated with several clinical 
conditions in humans. This notwithstanding, CoNS were 
also frequently identified. This is consistent with the findings 
by Martineau et al.17 who reported CoNS as urinary 
pathogens. 

Among the CoPS isolated in this study, S. aureus was the 
most frequently isolated followed by S. intermedius and 

TABLE 2: The distribution of the different groups of Staphylococcus spp. by gender, age, province, season, year, and specimen type, 2012–2017.
Variable Total isolates CoPS CoNS C Var

n % n % n % n %
Gender
Males 210 858 51.2 163 540 77.6 34 593 16.4 12 725 6.0
Females 181 270 44.8 136 071 75.1 32 564 17.9 12 590 7.0
Unknown 12 089 4.0 7211 59.7 3181 26.3 1697 14.0
Season
Autumn 101 673 25.2 76 883 75.6 18 239 17.9 6551 6.4
Winter 101 863 25.2 77 539 76.1 17 871 17.5 6453 6.3
Spring 101 515 25.1 76 547 75.4 17 937 17.7 7031 6.9
Summer 99 166 24.5 75 053 75.7 17 501 17.7 6612 6.6
Year 
2012 59 482 14.7 43 574 73.3 11 247 18.9 4661 7.8
2013 59 943 14.8 46 952 78.3 8443 14.1 4548 7.6
2014 66 950 16.6 51 431 76.8 10 812 16.2 4707 7.0
2015 71 069 17.6 54 949 77.3 12 024 16.9 4096 5.8
2016 74 229 18.4 56 300 75.9 13 619 18.4 4310 5.8
2017 72 544 17.9 55 216 76.1 13 393 18.5 3935 5.4
Specimen type
Skin 60 456 39.7 118 737 74.0 32 092 20.0 9627 6.0
Urinary 120 309 29.8 89 029 74.0 24 062 20.0 7218 6.0
Blood 82 908 20.5 61 352 74.0 16 582 20.0 4974 6.0
Nasopharyngeal 39 557 9.8 29 272 74.0 7911 20.0 2373 6.0
All other sites 987 0.2 730 74.0 197 20.0 59 6.0

CoPS, coagulase-positive Staphylococci; CoNS, coagulase-negative Staphylococci; CVar, coagulase-variable Staphylococci.
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S.  pseudintermedius. Similar findings were reported among 
Native Americans of the Navajo Nation,18 where S. aureus 
was the most common species among CoPS. This could be 
because of S. aureus being better adapted to live on the skin 
surface of humans than other CoPS such as S. intermedius and 
S. pseudintermedius.19,20,21,22 In addition, this difference could 
be explained by S. aureus being able to spread from person to 
person by direct contact, through contaminated objects or 
less often, by inhalation of infected droplets dispersed by 
sneezing or coughing. Furthermore, S. aureus carriers can 
also move the bacteria from their nose to other body parts 
with their hands, sometimes leading to infection.11,23 However, 
caution must be exercised in cases where S. aureus is 
encountered on the skin or mucous membrane as these 
organisms are frequent members of the microbiota.24

Among the CoNS, S. epidermidis and S. haemolyticus were more 
frequently isolated in this study. These two organisms can 
colonise the mucosal surfaces of the human nose.25 Other 
CoNS implicated in clinical conditions and observed in this 
study included S. saprophyticus, S. lugdunensis, S. capitis, 
S. hominis and S. simulans.6,11 Coagulase-negative staphylococci 
such as Staphylococcus epidermidis, are regarded as contaminants 
unless cultured from two or more independent culture 
specimens within a 48-h period, in which case they are then 
regarded as pathogens.6 In view of this, given that CoNS were 
not stratified into pathogens and contaminants we could not 
establish if the CoNS isolates in our study were contaminants 
or pathogens.

A recent study conducted in South Africa reported a 23.1% 
prevalence of CoNS infection in bloodstream infections 
among children oncology patients.26 However, this study is 
the first study to report on the spectrum of the different CoNS 
species isolated from patients in South Africa. 

Staphylococcus spp. by specimen type, gender, 
age, province and season
In this study, most Staphylococcus spp. were isolated from 
skin specimens. This is in contrast to findings of other studies 
that have reported the nasopharyngeal system of humans as 
the favourite site for isolation.27,28 The low isolation rate of 
Staphylococcus spp. from the nasopharyngeal system was 
therefore not expected. However, this finding is worth noting 
given that upper airway pathogens from the nasopharynx 
area are associated with lower airway infection. This is 
particularly important in children because the anatomy of 
the upper airways favours micro-aspiration of heavy 
bacteria-laden nasal secretions which has the potential to 
cause chronic lower airway infections.29 

It is worth noting that urinary specimens accounted for 29.8% 
of the isolates in our study. Although the high number of 
isolates from the urinary tract could be because of 
contamination, especially among children because of the 
difficulty associated with collecting urine from children, this 
finding is nonetheless important as isolation of staphylococci 
from urine samples in the absence of bacteraemia is often 
considered to represent colonisation.30 Moreover, mortality 

and morbidity have been shown to be significantly associated 
with urinary tract infection.31,32,33

In this study, a higher proportion of the Staphylococcus spp. 
was from male patients. These findings were expected 
because a number of studies suggest that males have a higher 
risk of Staphylococcus infection than their females 
counterparts.6,20,29 In addition, the incidence of postoperative 
Staphylococcus infection is said to be higher among males 
than females.34 This phenomenon has been attributed to the 
fact that males tend to be poor with hand-hygiene practices 
compared with their female counterparts.31,32,33,35 However, 
these reports notwithstanding, while the risk of contracting 
staphylococci infection is higher in males, there is evidence to 
suggest that females have a poorer outcome following 
infection with Staphylococcus spp.31,32,33,35

Staphylococcus isolates were more frequently isolated from 
patients ≤ 4 years. This is consistent with several studies that 
show that children have a higher risk of acquiring 
Staphylococcus infections.34,36,37,38,39 According to Power Coombs 
et al., the high infection rates among the children could be 
attributed to their immature immune system.40,41,42,43,44,45

Observing a higher proprotion of CoNS spp. from younger 
patients (0–4 year olds) as compared with older patients is 
worth noting. Available evidence suggests that CoNS are the 
most commonly isolated pathogens in the neonatal intensive 
care unit. Although CoNS typically demonstrate low 
virulence, they are associated with morbidities in the 
premature infant, including chronic lung disease and adverse 
neurodevelopmental outcomes.46 

However, findings of the present study failed to show an 
increasing burden of Staphylococcus infection with increasing 
age. This is contrary to findings reported by studies that have 
associated increasing age with a high prevalence of 
staphylococcal infections.41,46,47,48

Compared with other provinces, KwaZulu-Natal province 
contributed the highest number of isolates. Although the 
reasons for this observation are unclear, it is possible that the 
high rate of Staphylococcus infection in KwaZulu-Natal 
province in comparison to other provinces could be because 
of differences in socioeconomic and environmental factors.49 
For example, a European study reported that Staphylococcus 
infection displayed a typical epidemic behaviour and had a 
predominantly regional distribution.50 As this is the first 
attempt at investigating the spatial distribution of 
Staphylococcus spp., in South Africa, further studies are 
needed to investigate the role of location in the occurrence of 
Staphylococcus spp. in South Africa. 

There was no seasonal variation in the number of 
staphylococci isolated in the present study. This was not 
expected given that studies carried out elsewhere have 
demonstrated seasonal variation in staphylococcal infection. 
For example, a peak incidence of staphylococcal infection 
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was reported during the winter months in the United States, 
coinciding with the peak in incidence of viral infections.51 
Likewise, in some African countries, a peak of the incidence 
of staphylococcal infections has been shown to coincide with 
incidence of viral infections during summer.52 

Limitations of this study
Coagulase-negative staphylococci such as S. epidermidis are 
regarded as contaminants unless they have been cultured from 
two or more independent blood culture specimens within a 
48-h period, in which case they are then regarded as pathogens. 
In view of this, given that CoNS were not stratified into 
pathogens and contaminants in the data used in this study, it 
was not possible to establish if the CoNS isolates included in 
this study were contaminants or as a result of infection.27 

Furthermore, results used in this study did not include 
information on whether the patients were inpatients or 
outpatients or whether intravascular catheters or other 
invasive devices could be sources of infection. Nonetheless, 
the results of this study provide useful primary information 
on the burden of staphylococcal infections in patients 
presented to public health hospitals in South Africa. 

Conclusion
A diverse number of Staphylococcus spp. are associated with 
humans in South Africa, with S. aureus being the predominant 
species. Staphylococcus haemolyticus and S.  epidermidis, both 
with zoonotic potential, are the predominant CoNS associated 
with humans. Findings reported here suggest a spatial 
pattern in the burden of infection. Further research is needed 
to confirm findings of the present study and to identify 
determinants of the pattern of infection observed in the study 
group. The data used in this study does not distinguish 
between contaminants and infections by CoNS species. More 
in-depth studies that focus on contamination versus true 
infection are needed. Furthermore, detailed studies that seek 
to link the various Staphylococcus spp. identified in this study 
to clinical outcomes are needed.

Acknowledgements
The authors would like to thank the National Health 
Laboratory Service for giving permission to conduct the 
study and for providing access to the records used in this 
study. The authors are also grateful to Mr Thomas Papo for 
helping with data extraction.

Competing interests
The authors declare that they have no financial or personal 
relationships that may have inappropriately influenced them 
in writing this article.

Authors’ contributions
T.T.S. was a student on this project, participated in the study 
design, data acquisition, data analysis, interpretation of results 

and the writing of the manuscript. J.W.O. was involved in the 
study design, statistical analyses and interpretation, as well as 
in extensive reviewing of the manuscript. D.N.Q. was involved 
in the study design, statistical analyses and interpretation, as 
well as in reviewing the draft manuscript.

Funding information
The authors received no financial support for the research, 
authorship, and publication of this article.

Data availability
Raw data were generated at National Health Laboratory 
Service. Derived data supporting the findings of this study 
are available from the corresponding author (T.T.S.) on 
request. Restrictions apply to the availability of these data, 
which were used under licence for this study.

Disclaimer
The views and opinions expressed in this article are those of 
the authors and do not necessarily reflect official policy or 
position of any affiliated agency of the authors. 

References
1.	 Ammerlaan HSM, Harbarth S, Buiting AGM, et al. Secular trends in nosocomial 

bloodstream infections: Antibiotic-resistant bacteria increase the total burden of 
infection. Clin Infect Dis. 2013;56(6):798–805. https://doi.org/10.1093/cid/cis1006

2.	 Boerlin P, Kuhnert P, Hüssy D, Schaellibaum M. Methods for identification of 
Staphylococcus aureus isolates in cases of bovine mastitis. J Clin Microbiol. 
2003;41(2):767–771. https://doi.org/10.1128/JCM.41.2.767-771.2003

3.	 Murphy C, Reid-Smith RJ, Prescott JF, et al. Occurrence of antimicrobial resistant 
bacteria in healthy dogs and cats presented to private veterinary hospitals in 
southern Ontario: A preliminary study. Can Vet J. 2009;50(10):1047–1053. 

4.	 Götz F, Bannerman T, Schleifer K-H. The genera Staphylococcus and macrococcus. 
In: The prokaryotes. 2006; p. 5–75. 

5.	 Pinheiro L, Abraão LM, Mello PL, Cunha MLRS. Staphylococcus spp: An update on 
the molecular epidemiology and mechanisms of antimicrobial resistance. In: 
Méndez-Vilas A, editor. The battle against microbial pathogens: Basic science, 
technological advances and educational programs edition. Badajoz: Formatex 
Research Center, 2015; p. 783–793. 

6.	 Becker K, Heilmann C, Peters G. Coagulase-negative staphylococci. Clin 
Microbiol Rev. 2014;27(4):870–926. https://doi.org/10.1128/CMR.00109-13

7.	 Pedersen K, Pedersen K, Jensen H, Finster K, Jensen VF, Heuer OE. Occurrence of 
antimicrobial resistance in bacteria from diagnostic samples from dogs. J Antimicrob 
Chemother. 2007;60(4):775–781. https://doi.org/10.1093/jac/dkm269

8.	 Sleiniute J, Siugzdaite J. Distribution of coagulase-positive staphylococci in 
humans and dogs. Acta Vet Brno. 2015;84(4):313–320. https://doi.org/10.2754/
avb201584040313

9.	 Fontana C, Favaro M. Coagulase-positive and coagulase-negative Staphylococci in 
human disease. In: Savini V, editor. Pet-to-man travel staphylococci. A world in 
progress. the Netherlands: Elsevier. 2018; p. 25–42. https://doi.org/10.1016/
B978-0-12-813547-1.00003-0

10.	 Schaumburg F, Alabi AS, Peters G, Becker K. New epidemiology of Staphylococcus 
aureus infection in Africa. Clin Microbiol Infect. 2014;20(7):589–596. https://doi.
org/10.1111/1469-0691.12690

11.	 De Oliveira A, Pereira VC, Pinheiro L, Riboli DFM, Martins KB, De Lourdes Ribeiro 
de Souza da Cunha M. Antimicrobial resistance profile of planktonic and biofilm 
cells of Staphylococcus aureus and coagulase-negative staphylococci. Int J Mol Sci. 
2016;17(9):1–12. https://doi.org/10.3390/ijms17091423

12.	 Naidoo R, Nuttall J, Whitelaw A, Eley B. Epidemiology of Staphylococcus aureus 
bacteraemia at a tertiary children’s hospital in Cape Town, South Africa. PLoS One. 
2013;8(10):1–9. https://doi.org/10.1371/journal.pone.0078396

13.	 Perovic O, Iyaloo S, Kularatne R, et al. Prevalence and trends of Staphylococcus 
aureus bacteraemia in hospitalized patients in South Africa, 2010 to 2012: Laboratory-
based surveillance mapping of antimicrobial resistance and molecular epidemiology. 
PLoS One. 2015;10(12):1–14. https://doi.org/10.1371/journal.pone.0145429

14.	 Statistics South Africa. Statistical release. Mid-year population estimates. Pretoria: 
Central Statistical Service; 2020.

15.	 Steinhaus N, Al-talib M, Ive P, et al. The management and outcomes of 
Staphylococcus aureus bacteraemia at a South African referral hospital: A 
prospective observational study. Int J Infect Dis. 2018;73:78–84. https://doi.
org/10.1016/j.ijid.2018.06.004

http://www.sajid.co.za
https://doi.org/10.1093/cid/cis1006
https://doi.org/10.1128/JCM.41.2.767-771.2003
https://doi.org/10.1128/CMR.00109-13
https://doi.org/10.1093/jac/dkm269
https://doi.org/10.2754/avb201584040313
https://doi.org/10.2754/avb201584040313
https://doi.org/10.1016/B978-0-12-813547-1.00003-0
https://doi.org/10.1016/B978-0-12-813547-1.00003-0
https://doi.org/10.1111/1469-0691.12690
https://doi.org/10.1111/1469-0691.12690
https://doi.org/10.3390/ijms17091423
https://doi.org/10.1371/journal.pone.0078396
https://doi.org/10.1371/journal.pone.0145429
https://doi.org/10.1016/j.ijid.2018.06.004
https://doi.org/10.1016/j.ijid.2018.06.004


Page 7 of 7 Original Research

http://www.sajid.co.za Open Access

16.	 Mappr. Provinces of South Africa [homepage on the Internet]. No date. Available 
from: https://www.mappr.co/counties/south-africa/

17.	 Martineau F, Picard FJ, Menard C, Roy PH, Ouellette M, Bergeron MG. Development 
of a rapid PCR assay specific for Staphylococcus saprophyticus and application to 
direct detection from urine samples. J Clin Microbiol. 2000;38(9):3280–3284. 
https://doi.org/10.1128/JCM.38.9.3280-3284.2000

18.	 Adams R, Smith J, Locke S, et al. An epidemiologic study of antimicrobial resistance 
of Staphylococcus species isolated from equine samples submitted to a diagnostic 
laboratory. BMC Vet Res. 2018;14(1):1–12. https://doi.org/10.1186/s12917-018-
1367-6

19.	 Sasaki T, Kikuchi K, Tanaka Y, Takahashi N, Kamata S, Hiramatsu K. Methicillin-
resistant Staphylococcus pseudintermedius in a veterinary teaching hospital. J 
Clin Microbiol. 2007;45(4):1118–1125. https://doi.org/10.1128/JCM.02193-06

20.	 Futagawa-Saito K, Suzuki M, Ohsawa M, et al. Identification and prevalence of an 
enterotoxin-related gene, se-int, in Staphylococcus intermedius isolates from 
dogs and pigeons. J Appl Microbiol. 2004;96(6):1361–1366. https://doi.
org/10.1111/j.1365-2672.2004.02264.x

21.	 Tong SYC, Davis JS, Eichenberger E, Holland TL, Fowler VG. Staphylococcus aureus 
infections: Epidemiology, pathophysiology, clinical manifestations, and management. 
Clin Microbiol Rev. 2015;28(3):603–661. https://doi.org/10.1128/CMR.00134-14

22.	Schmidt VM, Williams NJ, Pinchbeck G, et al. Antimicrobial resistance and 
characterisation of staphylococci isolated from healthy Labrador retrievers in 
the United Kingdom. BMC Vet Res. 2014;10:17. https://doi.org/10.1186/1746-
6148-10-17

23.	 Falagas ME, Karageorgopoulos DE, Leptidis J, Korbila IP. MRSA in Africa: Filling the 
global map of antimicrobial resistance. PLoS One. 2013;8(7):e68024. https://doi.
org/10.1371/journal.pone.0068024

24.	 Rasigade JP, Vandenesch F. Staphylococcus aureus: A pathogen with still 
unresolved issues. Infect Genet Evol. 2014;21:510–514. https://doi.org/10.1016/j.
meegid.2013.08.018

25.	 Costa SF, Miceli MH, Anaissie EJ. Mucosa or skin as source of coagulase-negative 
staphylococcal bacteraemia? Lancet Infect Dis. 2004;4(5):278–286. https://doi.
org/10.1016/S1473-3099(04)01003-5

26.	 Mvalo T, Eley B, Bamford C, et al. Bloodstream infections in oncology patients at 
Red Cross War Memorial Children’s Hospital, Cape Town, from 2012 to 2014. Int J 
Infect Dis. 2018;77:40–47. https://doi.org/10.1016/j.ijid.2018.09.012

27.	 Dibah S, Arzanlou M, Jannati E, Shapouri R. Prevalence and antimicrobial resistance 
pattern of methicillin resistant Staphylococcus aureus (MRSA) strains isolated from 
clinical specimens in Ardabil, Iran. Iran J Microbiol. 2014;6(3): 163–168. 

28.	 Braga V, Vázquez S, Vico V, et al. Prevalence and serotype distribution of Listeria 
monocytogenes isolated from foods in Montevideo-Uruguay. Braz J Microbiol. 
2017;48(4):689–694. https://doi.org/10.1016/j.bjm.2017.01.010

29.	 Asseri AA, Khattab N, Ezmigna D, Awadalla NJ, Daines C, Morgan W. Diagnostic 
accuracy of nasopharyngeal swab cultures in children less than five years with 
chronic wet cough. Children. 2021;8(12):1–8. https://doi.org/10.3390/
children8121161

30.	 Shih WY, Chang CC, Tsou MT, Chan HL, Chen YJ, Hwang LC. Incidence and risk 
factors for urinary tract infection in an elder home care population in Taiwan: A 
retrospective cohort study. Int J Environ Res Public Health. 2019;16(4):566. 
https://doi.org/10.3390/ijerph16040566

31.	 Anreoli A, Visk G, Capodicase N. P10-09 nutritional status assessment and nutritional 
habits in a sample of Albanian children [homepage on the Internet]. pp. 222. 

32.	 Bour A, El Hsaini H, El Mzibri M, Aguenaou H, Mokhtar N. P10-11 Double burden 
of malnutrition, transition nutrition in Morocco and non communicable chronic 
diseases related to diet [homepage on the Internet]. n.d. pp. 222.

33. Fernande HG, Kerstin H, Dossa R, Joseph HD. P10-15 Nutritional status of children 
aged 18-36 month in four agro-ecological zones of Benin [homepage on the 
Internet]. No date. pp. 223.

34.	 Humphreys H, Fitzpatick F, Harvey BJ. Gender differences in rates of carriage and 
bloodstream infection caused by methicillin-resistant Staphylococcus aureus: Are 
they real, do they matter and why? Clin Infect Dis. 2015;61(11):1708–1714. 
https://doi.org/10.1093/cid/civ576

35.	 Sollid JUE, Furberg AS, Hanssen AM, Johannessen M. Infection, genetics and 
evolution Staphylococcus aureus: Determinants of human carriage. Infect Genet 
Evol. 2014;21:531–541. https://doi.org/10.1016/j.meegid.2013.03.020

36.	 Lawson A, Vaganay-Miller M. The effectiveness of a poster intervention on hand 
hygiene practice and compliance when using public restrooms in a university 
setting. Int J Environ Res Public Health. 2019;16(24):5036. https://doi.
org/10.3390/ijerph16245036

37.	 Suen LKP, So ZYY, Yeung SKW, Lo KYK, Lam SC. Epidemiological investigation on 
hand hygiene knowledge and behaviour: A cross-sectional study on gender 
disparity. BMC Public Health. 2019;19(1):1–14. https://doi.org/10.1186/s12889-
019-6705-5

38.	 Gutierrez K, Halpern MS, Sarnquist C, Soni S, Arroyo AC, Maldonado Y. 
Staphylococcal infections in children, California, USA, 1985–2009. Emerg Infect 
Dis. 2013;19(1):10–20. https://doi.org/10.3201/eid1901.111740

39.	 Nugent R, Okeke IN. When medicines fail: Recommendations for curbing antibiotic 
resistance. J Infect Dev Ctries. 2010;4(6):355–356. https://doi.org/10.3855/
jidc.1211

40.	 Chi AY, Wang SM, Lin CC, Liu CC. Microbiological characteristics of community-
associated Staphylococcus aureus causing uncomplicated bacteremia and 
infective endocarditis. J Clin Microbiol. 2010;48(1):292–294. 

41.	 Power Coombs MR, Kronforst K, Levy O. Neonatal host defense against 
staphylococcal infections. Clin Dev Immunol. 2013;2013:826303. https://doi.
org/10.1155/2013/826303

42.	 Ove J, Kirsten R, Per B, Viggo F, Knud Riewerts E. Changing staphylococci and 
Staphylococcal infections – A ten-year study of bacteria and cases of bacteremia. 
N Engl J Med. 1969;281(12):627–635. https://doi.org/10.1056/NEJM196909​
182811201

43.	 Benfield T, Espersen F, Frimodt-Møller N, et al. Increasing incidence but decreasing 
in-hospital mortality of adult Staphylococcus aureus bacteraemia between 1981 
and 2000. Clin Microbiol Infect. 2007;13(3):257–263. https://doi.
org/10.1111/j.1469-0691.2006.01589.x

44.	 Getaneh AM, Gebremedhin EZ. Meta-analysis of the prevalence of mastitis and 
associated risk factors in dairy cattle in Ethiopia. Trop Anim Health Prod. 
2017;46:697–705. https://doi.org/10.1007/s11250-017-1246-3

45.	 Søgaard M, Nørgaard M, Dethlefsen C, Schønheyder HC. Temporal changes in the 
incidence and 30-day mortality associated with bacteremia in hospitalized 
patients from 1992 through 2006: A population-based cohort study. Clin Infect 
Dis. 2011;52(1):61–69. https://doi.org/10.1093/cid/ciq069

46.	 Marchant EA, Boyce GK, Sadarangani M, Lavoie PM. Neonatal sepsis due to 
coagulase-negative staphylococci. Clin Dev Immunol. 2013;2013:586076. https://
doi.org/10.1155/2013/586076

47.	 Klevens RM, Morrison MA, Nadle J, et al. Invasive methicillin-resistant 
Staphylococcus aureus infections in the United States. J Am Med Assoc. 
2007;298(15):1763–1771. https://doi.org/10.1001/jama.298.15.1763

48.	 Peacock SJ, Justice A, Griffiths D, et al. Determinants of acquisition and carriage of 
Staphylococcus aureus in infancy. J Clin Microbiol. 2003;41(12):5718–5725. 
https://doi.org/10.1128/JCM.41.12.5718-5725.2003

49.	 Onozuka D, Hagihara A. Geographic prediction of tuberculosis clusters in Fukuoka, 
Japan, using the space-time scan statistic. BMC Infect Dis. 2007;7:26. https://doi.
org/10.1186/1471-2334-7-26

50.	 Grundmann H, Aanensen DM, Van Den Wijngaard CC, et al. Geographic 
distribution of Staphylococcus aureus causing invasive infections in Europe: A 
molecular-epidemiological analysis. PLoS Med. 2010;7(1):e1000215. https://doi.
org/10.1371/journal.pmed.1000215

51.	 Patel JB, Cockerill, III FR, Alder J, et al. Performance standards for antimicrobial 
susceptibility testing; twenty-fourth informational supplement. Volume 34. 
Clinical and Laboratory Standards Institute, 2014; p. 1–226. 

52.	 Breiman RF, Cosmas L, Njenga MK, et al. Severe acute respiratory infection in 
children in a densely populated urban slum in Kenya, 2007–2011. BMC Infect Dis. 
2015;15(1):2007–2011. https://doi.org/10.1186/s12879-015-0827-x

http://www.sajid.co.za
https://www.mappr.co/counties/south-africa/
https://doi.org/10.1128/JCM.38.9.3280-3284.2000
https://doi.org/10.1186/s12917-018-1367-6
https://doi.org/10.1186/s12917-018-1367-6
https://doi.org/10.1128/JCM.02193-06
https://doi.org/10.1111/j.1365-2672.2004.02264.x
https://doi.org/10.1111/j.1365-2672.2004.02264.x
https://doi.org/10.1128/CMR.00134-14
https://doi.org/10.1186/1746-6148-10-17
https://doi.org/10.1186/1746-6148-10-17
https://doi.org/10.1371/journal.pone.0068024
https://doi.org/10.1371/journal.pone.0068024
https://doi.org/10.1016/j.meegid.2013.08.018
https://doi.org/10.1016/j.meegid.2013.08.018
https://doi.org/10.1016/S1473-3099(04)01003-5
https://doi.org/10.1016/S1473-3099(04)01003-5
https://doi.org/10.1016/j.ijid.2018.09.012
https://doi.org/10.1016/j.bjm.2017.01.010
https://doi.org/10.3390/children8121161
https://doi.org/10.3390/children8121161
https://doi.org/10.3390/ijerph16040566
https://doi.org/10.1093/cid/civ576
https://doi.org/10.1016/j.meegid.2013.03.020
https://doi.org/10.3390/ijerph16245036
https://doi.org/10.3390/ijerph16245036
https://doi.org/10.1186/s12889-019-6705-5
https://doi.org/10.1186/s12889-019-6705-5
https://doi.org/10.3201/eid1901.111740
https://doi.org/10.3855/jidc.1211
https://doi.org/10.3855/jidc.1211
https://doi.org/10.1155/2013/826303
https://doi.org/10.1155/2013/826303
https://doi.org/10.1056/NEJM196909​182811201
https://doi.org/10.1056/NEJM196909​182811201
https://doi.org/10.1111/j.1469-0691.2006.01589.x
https://doi.org/10.1111/j.1469-0691.2006.01589.x
https://doi.org/10.1007/s11250-017-1246-3
https://doi.org/10.1093/cid/ciq069
https://doi.org/10.1155/2013/586076
https://doi.org/10.1155/2013/586076
https://doi.org/10.1001/jama.298.15.1763
https://doi.org/10.1128/JCM.41.12.5718-5725.2003
https://doi.org/10.1186/1471-2334-7-26
https://doi.org/10.1186/1471-2334-7-26
https://doi.org/10.1371/journal.pmed.1000215
https://doi.org/10.1371/journal.pmed.1000215
https://doi.org/10.1186/s12879-015-0827-x

	Prevalence of Staphylococcus spp. from human specimens submitted to diagnostic laboratories in South Africa, 2012–2017
	Introduction
	Methods
	Study design and data extraction
	Data management
	Data analysis
	Ethical considerations

	Results
	Distribution of Staphylococcus spp. by the demographic characteristics of patients

	Discussion
	Distribution of Staphylococcus spp. based on coagulase reaction
	Staphylococcus spp. by specimen type, gender, age, province and season
	Limitations of this study

	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Tables
	TABLE 1: Distribution of Staphylococcus spp. isolated at diagnostic laboratoriesbetween 2012 and 2017.
	TABLE 2: The distribution of the different groups of Staphylococcus spp. by gender, age, province, season, year, and specimen type, 2012–2017.

	Figures
	FIGURE 1: The distribution of coagulase-positive Staphylococcus, coagulase-negative Staphylococcus and coagulase variable species among patients by age group for theperiod 2012–2017.
	FIGURE 2: The distribution of Staphylococcus isolates based on the province oforigin in South Africa, 2012–2017.
	FIGURE 3: Annual patterns of the distribution of the different Staphylococcus spp. isolated by the NHLS in South Africa, 2012–2017.



