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Abstract 

 

Staphylococci associated morbidities and mortalities have been on the rise in Malawi due to 

paucity of molecular AMR surveillance data critical for improved patient care. This retrospective 

laboratory-based study was conducted at Malamulo Hospital, a sentinel AMR surveillance site in 

Malawi under Fleming fund. The study aimed at detecting selected virulence and AMR genes in 

36 Staphylococci bacteria stocked between December 2021 and May 2022 for a molecular AMR 

surveillance. Sample source types included blood (16), urine (14), pus (three), skin wedge (one), 

pleural fluid (one), and ascitic fluid (one). Patients age categories recorded were 12 paediatrics, 19 

young adults, two middle aged adults and three elderly adults. The nuc, spa and coa genes were 

used to detect and identify S. aureus species. Disc diffusion susceptibility test was used to 

determine antimicrobial susceptibility levels. PCR was performed to detect antimicrobial 

resistance genes (mecA, ermA, ermB, ermC, tetK, tetL, tetM and tetO) and virulence genes (PVL 

(lukS-PV and lukF-PV), splA, splB, splC, splD, splE, and splF) respectively. The spa gene was 

sequenced after which Spa typing was also done. Descriptive statistics were used for analysis. 

From the sample source types, the proportion of PCR confirmed S. aureus was 38.9% (14/36) and 

61.1% (22/36) were other Staphylococci. Noteworthy disc diffusion antimicrobial resistance levels 

in the study were against trimethoprim/sulfathomexazole (50%) and MDR-MRSA (three S. aureus 

isolates). Antimicrobial resistance genes detected included tetK (57.1%), mecA (14.3%) and tetM 

(7.1%). The splA, splB, splC, splD, splE and splF genes were detected in 86% (12/14) of confirmed 

S. aureus isolates. PVL (lukS-PV and lukF-PV) gene was detected in four S. aureus isolates. Spa 

type t941 was common at 33.3% (3/9) and an unknown spa type was detected. These findings 

indicate probable life-threatening infections caused by virulent, multidrug and methicillin resistant 

S. aureus of several spa lineages among patients at Malamulo Hospital. Hence a call for molecular 

epidemiology and molecular characterization studies preferably using whole genome sequencing 

tools at Malamulo Hospital in Malawi for more insights into the S. aureus infections. 
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CHAPTER ONE 

 

INTRODUCTION 

 

1.1 Background 

Staphylococci species are a group of Gram-positive spherical bacteria that inhabit the environment, 

skin and nares of healthy people and animals as either normal flora, opportunistic pathogens and/or 

true pathogens depending on the virulence of the strain and host immunity (Bierowiec et al., 2019). 

Incidence of both hospital and community acquired Staphylococcal infections is linked with 

specific clonal types(Feng et al., 2008). Increased mortality due to S. aureus infections has been 

prominent with COVID 19 pandemic (Vaillancourt and Jorth, 2020; Sharifipour et al., 2020). 

Staphylococcus aureus co-infection with the novel severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) is reported to increase disease fatality and mortality especially among patients 

with staphylococcal bacteremia and pneumonia (Adalbert et al., 2021). Furthermore, among 

patients infected with the Human Immunodeficiency Virus-1 (HIV-1), there is increased 

development of antibiotic resistance, for instance, Methicillin Resistant S. aureus (MRSA) due to 

increased prophylactic use of antibiotics and consequently increased mortality to Staphylococcus 

aureus bacteremia, from deep soft-tissue infections, and pneumonia (Adesida et al., 2017). 

 

Staphylococcus aureus and other pathogenic Staphylococci species are the most isolated bacteria 

in patients with highest resistance to commonly used antibiotics in Malawi (Kumwenda et al., 

2021). Lack of capacity to detect virulence and antimicrobial resistance genes in antimicrobial 

resistance (AMR) surveillance laboratories in Malawi has led to paucity of data on virulence and 

AMR genes in Staphylococcus species affecting humans and animals (Gordon et al., 2020).  

 

The current global increase in prevalence of pathogenic Staphylococcal infections with significant 

regional strain variations, demands profiling of resistance and antimicrobial resistance genes of 

locally circulating S. aureus lineages (Seni et al., 2013). These genes responsible for virulence and 

antimicrobial resistance can be potential candidates for targeted diagnosis and treatment methods 

to control infection burden in a particular locality (Haddad et al., 2018).  
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1.2 Prevalence of S. aureus infections  

It is possible that prevalence of human S. aureus infections in Africa is underestimated due to 

reasons that include neglected research in clinical S. aureus in many African countries leading to 

a scarcity of data (Egyir et al., 2014). 

 

Underutilization of health care facilities in rural populations compared to urban populations in 

African countries could also result in low numbers of hospital reported cases (Oladipo, 2014). 

Recent estimations have shown that prevalence of MRSA is increasing in African countries for 

example from 2002-2007  prevalence of MRSA in Tunisia increased from  16% to 41%; in 

Botswana MRSA prevalence fluctuated between 23-44% from 2000-2007; while Algeria and 

Egypt registered MRSA prevalence of 45% and 52% between 2003-2005, respectively (Falagas et 

al., 2013). Increased isolation of PVL producing S. aureus and reports of fatal S. aureus 

pneumonia, skin and soft tissue infection in European travelers returning from Africa in two 

decades have led to considerations that Africa is a PVL-endemic region with high rates of PVL-

positive MSSA isolates ranging from 17% to 74% (Schaumburg et al., 2014).  

 

1.3 Distribution of risk sources for S. aureus infections in hospitals and community 

Pathogenic Staphylococci are ubiquitously distributed with preferred sites being skin and mucus 

membranes of humans and animals as well as the environment. Transmission cycles leading to 

human colonization in both hospital and community acquired infections are maintained by direct 

contact, inhalation of aerosols or dust, and fomites such as stethoscopes in the hospital (Russell et 

al., 2012). 

 

Anterior nares of the nose are the most regular carriage site for S. aureus in human beings as 

compared to other body sites (Al-Humaidan et al., 2015). Finger picking habits from source to the 

nose have been connected with nasal colonization with S. aureus strains in adults and considered 

the major factor (LaCour et al., 2020).  

 

Among hospital workers, nasal carriage of MRSA and MSSA rates are reported to be high in 

nurses, technicians, physicians and sanitary workers and very low among pharmacists, radiologists 

and administrative workers (Rongpharpi et al., 2013; Shibabaw et al., 2013). Nevertheless, in the 
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presence of robust infection prevention measures, it has been shown that nosocomial transmissions 

are kept at insignificant levels despite nasal carriage of S. aureus by hospital workers and/or 

patients (Price et al., 2017). In the hospital environment, factors such as prolonged hospitalization, 

intensive care unit admission, antibiotic exposure, surgery, chronic wounds, hemodialysis, 

indwelling catheters and other invasive devices increases the risk of Hospital-Acquired MRSA 

(HA-MRSA) infections (Epstein et al., 2016). 

 

Among the risk factors considered to be catalysts of increased transmission and prevalence of CA-

MRSA infections in Africa are HIV/AIDS, malnutrition, increased close contact with animals, 

crowded living conditions, high temperatures and humidity that increases S. aureus survival in the 

environment (Schaumburg et al., 2014).  

 

Soft tissue community acquired methicillin resistant S. aureus (CA-MRSA) infections, in Human 

Immunodeficiency Virus (HIV) infected patients, are reported to be predominantly caused by 

PVL-positive S. aureus in Gabon, Tanzania and Mozambique (Ruffing et al., 2017). Maternal 

carriage has been considered the main determinant for neonatal nasal carriage (Maayan-Metzger 

et al., 2017). Community acquired MRSA (CA-MRSA) was first reported in 1960 and interaction 

of carrier household members with other households or at community sites such as schools is 

currently considered the basis for the ability of these strains to remain endemic in certain 

communities (Knox et al., 2015).  

 

There is evidence of interspecies transmission of human t148 spa-type MSSA in central Africa 

indicating the ability of Staphylococcus aureus to thrive, spread and cause infections in various 

animal and human hosts (Nagel et al., 2013). Host switching result in host-specific mutations as 

the organism acclimatize to the new host population environment that lead to clonal expansion and  

development of antimicrobial resistance through gain or loss of mobile genetic elements (Haag et 

al., 2019). Carriage rates of S. aureus among healthy human hosts from different geographical 

regions can be comparable (Ngoa et al., 2012), but apomorphic genetic diversities of S. aureus are 

mostly region specific, for instance, hypervirulent community-acquired Staphylococcus aureus 

multilocus sequence type 8 (ST8) has at least 224 different clades globally disseminated across all 

continents that originally evolved from a European ancestor  (Strauß et al., 2017). Emergence of 
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novel spa types, such as the recent discovery of an unknown spa type in Zambia, implies that 

MRSA is developing more well adapted geographically unique clones in Africa (Samutela et al., 

2017).  

 

Unlike CA-MRSA infections, HA-MRSA infections are the most common and exhibit high levels 

of antimicrobial resistance including MRSA especially among patients with other co-morbidities 

in the hospitals (Matta et al., 2018). Inadequate previous use of antimicrobial therapy among 

patients is an important risk factor for multidrug resistance selection of S. aureus species during 

patient treatment for S. aureus clinical infections in hospitals (Cardoso et al., 2012).MRSA is an 

important zoonotic public health threat because potent multiple drug resistance through clonal 

expansion result in infections that are difficult to treat (Algammal et al., 2020).  

 

1.4 Types of clinical specimen 

Staphylococcus aureus can be isolated from a wide range of clinical specimens depending on the 

infected tissue, organ or system. These include blood (sepsis or bacteremia); bone tissue, sub 

periosteal fluid, muscle abscess, synovial tissue or fluid (musculoskeletal infections) (Miguel et 

al., 2019). 

 

Other clinical specimens include sputum, tracheal aspirate, paranasal sinuses, pleural fluid 

(respiratory infections), peritoneal fluid, urine, cerebrospinal fluid, skin and soft tissue, eye swabs, 

vaginal swabs, rectal swabs, skin tissue biopsies, ear drainage, lymph node tissue, esophageal 

brush specimens (Miguel et al., 2019). Clinical microbiology laboratory manuals provide 

guidelines for standardized collection of clinical samples using a sterile technique and appropriate 

equipment (Miller et al., 2018). 

 

1.5 Diagnosis of S. aureus infections 

Laboratory techniques used to diagnose clinical S. aureus infections can be grouped into 

phenotypic and molecular methods which are used for diagnosis according to preference (Song et 

al., 2013; Sabat et al., 2013). Phenotypic methods are used to affirm expressed traits such as 

resistance and/or virulence and gain wide routine usage in spite of accompanying disadvantages; 

poor reproducibility and prolonged turnaround time (Sanchini, 2022). Compared to phenotypic 
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methods molecular methods are superior in reproducibility but they vary in their discriminatory 

power. Moreover they do not detect actual expressed resistance and/or virulence therefore 

sometimes a resistance gene may be detected in a bacteria that is yet susceptible to the antibiotic 

(Williamson et al., 2015). This therefore warrants use of phenotypic and genotypic approaches as 

complementary methodologies for accurate and rapid identification of pathogens (Atshan and 

Shamsudin, 2011; Mistry et al., 2016). 

 

1.6 Phenotypic tests for Staphylococcus aureus  

These tests are the mainstream laboratory diagnosis methods in resource-limited settings (Kali et 

al., 2014). Inorder to guarantee reliable results for the identification of S. aureus in resource limited 

settings, sequel testing of the isolates is proposed when these phenotypic tests are in use (Kateete 

et al., 2010).  

 

1.6.1 Gram’s stain test 

The Gram’s stain is a technique based on the principle that bacteria whose cell wall has a thick 

layer of peptidoglycan and low lipid content, retain the primary stain when fixed by mordant 

(purple colored Crystal Violet-Iodine complex) after alcohol decolorization (Sizar and Unakal, 

2022).Bacteria cell wall with thin layer of peptidoglycan and high lipid content gets its purple 

crystal Violet-Iodine complex washed off by alcohol decolorization eventually appearing red/or 

pink in color when stained by saffranin. The morphological appearance of Staphylococcus aureus 

is a gram-positive cocci in clusters when examined using light microscopy (Sizar and Unakal, 

2022). 

 

1.6.2 Biochemical identification of S. aureus 

Involves phenotypic identification of S. aureus species on the basis of a variety of physiological 

or biochemical characteristics that are linked to its pathogenic capacity to produce exoproteins and 

toxins (Karmakar et al., 2016). 
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1.6.2.1 Catalase test 

This is a test that detects Staphylococcus aureus  ability to produce the enzyme catalase which 

catalyses the release of O2 by giving out bubbles when bacterial suspension in normal saline is 

mixed with two to three drops of 3% hydrogen peroxide (Duza, 2021). 

 

1.6.2.2 Coagulase test 

This test is used to detect the ability of S. aureus to produce the enzyme coagulase. The enzyme 

coagulase is capable of clotting the plasma (appearance of coagulation) after 24 hours incubation 

at 37°C (Marek et al., 2021). A positive test shows that the bacterial strain present in the tube is a 

coagulase producer which is characteristic of Staphylococcus aureus strains (Rakotovao-

Ravahatra et al., 2019). 

 

1.6.2.3 Deoxyribonuclease (DNase) test 

This test is based on ability of Staphylococcus aureus to produce an enzyme DNase which 

hydrolyzes nucleic acid (media contains 0.2% deoxyribonucleic acid) in DNase agar. A positive 

reaction is seen as a colorless zone around the colonies after 18 hours incubation at 37°C 

(Pumipuntu et al., 2017). 

 

1.6.2.4 Mannitol fermentation 

This test aims at demonstrating the ability of most strains of S. aureus to ferment mannitol sugar 

when inoculated on Mannitol Salt Agar  producing an acid end product that results in phenol red 

indicator in the medium changing its color from red to yellow (Tigabu and Getaneh, 2021). 

 

1.6.2.5 Gelatin hydrolysis 

Gelatin hydrolysis test aims at testing the ability of bacteria to produce gelatinases which cause a 

liquefaction reaction that release carbon particles into the medium resulting in complete 

disintegration of charcoal disc in the medium after 24 hours of incubation at 37°C. This test is used 

to discriminate between gelatinase-positive pathogenic Staphylococcus aureus from 

nonpathogenic Staphylococcus epidermidis which are gelatinase negative (Chakraborty et al., 

2011). 
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1.6.2.6 Urea hydrolysis 

This test is used to detect the ability of some S. aureus strains to produce urease which breaks 

down urea in the medium releasing ammonia which changes the pH of the medium to become 

more alkaline. A pH change is detected by the change of pH indicator (phenol red) color from 

yellow to red or pink after 24 hours incubation at 37°C (Ahmed, 2017). 

 

1.6.2.7 Protease activity on milk agar medium 

Test is used to detect S. aureus extracellular protease activity that is shown by clear zones 

surrounding supernatants (20 µL) of bacteria previously added through a hole in the skim milk 

agar plates and incubated at 37°C for 24 hours (Park et al., 2012). 

 

1.6.2.8 Hydrolysis of esculin 

Test is based on the ability of some S. aureus strains to hydrolyze aesculin in the presence of bile 

results in a black precipitate formed from interaction of  iron with 6, 7,dihydroxyxouramin in the 

medium (Habib et al., 2015). 

 

1.6.2.9 Hemolytic activity on 5% sheep blood agar 

Staphylococcus aureus produce cleared halo of hemolysis when plated on 5% sheep blood agar 

plates that can be categorized as strong (complete cleared zone) or weak due to β-hemolysin (Hlb) 

expression (Stulik et al., 2014). 

 

1.6.2.10 Antimicrobial Susceptibility Testing 

Classical culture dependent phenotypic antimicrobial susceptibility testing (AST) examines the 

bacterial response to the presence of an antimicrobial agent as a disc in an agar plate or as diluted 

in broth (Gajic et al., 2022). Information on local patterns of bacteria response to antimicrobial 

agents can be collected using AST, so that policies guiding the empiric choice of therapy can be 

based on current data on local resistance trends (van Belkum et al., 2019). 

 

1.6.2.10.1 Dilution method 

Dilution was one of the earliest tools in microbiological practice, starting in the early 1870s, and 

it allows the growth and identification of bacterial populations in suspension. The two basic types 
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of dilution are micro dilution and macro dilution, wherein broth and agar are the most commonly 

used mediums (Khan et al., 2019). 

 

1.6.2.10.1.1 Macro dilution technique 

In standardized broth dilution method, consecutive two-fold dilutions of antimicrobial agents are 

made and dispensed into a series of equal volume micro-centrifuge tubes containing bacterial 

growth medium to make final volumes that are incubated overnight at 35°C. Clinical Laboratory 

Standards Institute (CLSI) guidelines which are standard laboratory protocols for best laboratory 

practice are followed (Khan et al., 2019). Finally, the bacterial growth is examined based on 

turbidity of culture media to confirm minimum inhibitory concentration (MIC) and antimicrobial 

susceptibility tubes in which CLSI recommended guidelines are also used to set the breakpoints 

for interpretation (Khan et al., 2019). 

 

1.6.2.10.1.2 Micro dilution technique 

This is a miniaturized prototype of the macro dilution method in which susceptibility testing is 

performed using 96-well micro titer plates wells of capacity ~0.1 mL. Mechanical dispensers may 

be used to minimize handling errors and after overnight incubation at 35°C, bacterial growth 

turbidity and MIC are determined by using optical instruments for instance specialized 

spectrophotometer (Khan et al., 2019). 

 

1.6.2.10.2 Disk diffusion method 

Disk diffusion antimicrobial susceptibility tests are usually performed on Mueller Hinton (MH) 

agar plated with a standardized bacterial inoculum and standard antimicrobial imbedded paper 

disks placed in the medium according to susceptibility testing standards. After 16 to 20 hours’ 

incubation at 37°C (with 5% CO2 for S. aureus), zone diameters are measured, interpreted and 

considered for resistant, intermediate or susceptible strains. Internationally approved standards for 

instance the European Committee on Antimicrobial Susceptibility Testing (EUCAST) and/or 

CLSI protocols for best laboratory practice are used for interpretation of antimicrobial 

susceptibility results (Hagstrand Aldman et al., 2017). 
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1.6.2.10.3 Epsilometer testing (E – test) 

This is a simple antimicrobial susceptibility testing technique in which plastic strips are coated 

with defined antibiotic concentrations, and the corresponding interpretive MIC ranges are marked 

on the surface and back of the strip, respectively. The procedure involves placing multiple strips 

on the surface of bacteria streaked agar plate (Khan et al., 2019). After an overnight incubation at 

35°C, elliptical inhibition zones appear around the strips, indicating the MIC at the intersection 

point between the inhibition zone and the strip edge that can be directly used for test interpretation 

(Khan et al., 2019). 

 

1.6.2.11 Matrix-assisted laser desorption ionization time of flight (MALD – TOF) mass 

spectrometry 

This is a method that has been applied in the detection of S. aureus protein virulence factors for 

example phenol soluble modulin molecule (PSM) along with protein resistance markers such as 

PBP2a in MRSA encoded by mecA gene and therefore also has ability to discriminate between 

MSSA, MRSA, VRSA based on fragmented protein mass spectrum patterns in Daltons (Bryson et 

al., 2019). 

 

1.6.2.12 Latex agglutination tests 

These are manufacturer protocol tests that are available for rapid detection of coagulase 

production, catalase production and also identifying MRSA by detecting penicillin binding protein 

2a (PBP2a) based on an immuno-agglutination reaction on a card (Pumipuntu et al., 2017). 

 

1.7 Molecular diagnostic and typing methods for Staphylococcus aureus 

Molecular testing for S. aureus can greatly reduce laboratory turnaround time, and in some 

circumstances, may lead to improved clinical outcomes. In addition, advances in DNA sequencing 

technology and bioinformatics analysis have shed new lights on the molecular epidemiology and 

transmission dynamics of S. aureus (Williamson et al., 2015). 

 

1.7.1 Xpert MRSA/SA blood culture assay 

This is an automated DNA extraction and real-time PCR processing assay with a turnaround time 

of one hour that detects Staphylococcal protein A (spa) gene, nuc gene, mecA responsible for 
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methicillin resistance and the Staphylococcal cassette chromosome mec, SCCmec for rapid 

identification of methicillin resistant S. aureus (McHugh et al., 2020). The coagulase (coa) gene 

has also been used in multiplex with spa gene for accurate PCR identification of S. aureus with 

100% specificity (Manukumar and Umesha, 2017).  

 

1.7.2 Pulsed field gel electrophoresis (PFGE) 

This is a standardized two days’ molecular typing protocol that begins with culture and ends with 

a gel image that is used to subtype MRSA isolates in server-based systems for DNA fingerprint 

data collection so called BioNumerics. The protocol involves growth and lysis of bacteria, 

preparation of agarose gel, washing of sample, restriction enzyme digestion and electrophoresis of 

DNA fragments in a gel matrix electric field that periodically changes direction. Pulse field gel 

electrophoresis (PFGE) has a high discriminatory ability and is the documented gold standard for 

DNA fingerprinting among the various DNA sequence-based methods (Gökmen et al., 2018). 

 

1.7.3 Multilocus sequence typing (MLST) 

This is a sequence-based typing method that relies on analysis of relatively conserved 

Staphylococcus aureus genes that encode essential proteins in order to provide a relatively detailed 

picture of the global dissemination of the pathogen. This is accomplished by using web-based 

bioinformatics tools that are maintained as a coherent global asset and assist users in the analysis 

of their data (Saunders and Holmes, 2014). In MLST, fragments of seven Staphylococcus aureus 

housekeeping genes namely; arcC, aroE, glpF, gmk, pta, tpi, and yqiL are amplified by PCR, 

sequenced, compared to known alleles at each locus and  submitted to a central database which 

generates an allelic profile that is used to generate the Staphylococcus aureus sequence type, (ST) 

(Williamson et al., 2015). 

 

1.7.4 spa typing 

The spa gene of MRSA encodes protein A and consists of three distinct regions: Fc, X, and C 

(Goudarzi et al., 2016). This molecular typing method relies on the number of tandem repeats in 

region X that are assigned an alpha-numerical code in order to deduce the spa type based on the 

order of specific repeats and the sequence variation in region X of the gene. The spa type 

distribution of clinically isolated MRSA strains are unique to different geographic locations so that 
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worldwide they exhibits a different pattern because the repeat region of MRSA spa gene is subject 

to spontaneous mutations that lead to loss or gain of repeats caused by different selection pressures 

(Goudarzi et al., 2016). 

 

1.7.5 Microarray-based typing 

This is also another method used to type S. aureus that provides strain type as well as determine 

presence or absence of antimicrobial resistance and/or virulence genes. This method utilizes 

genomic S. aureus DNA in a multiplex linear PCR assay, in which the resulting biotin-labelled 

amplicons are hybridized to target sequences in the S. aureus genome, corresponding to known 

genes and their allelic variants. This method therefore allows for broader classification of S. aureus 

into clonal complexes (CCs), SCCmec complex, distinct allotypes and detection of genes 

associated with antimicrobial resistance and/or virulence (Williamson et al., 2015). 

 

1.7.6 Whole genome sequencing (WGS) 

This is also a molecular typing method that involves collation and comparison of single nucleotide 

polymorphisms (SNPs) in the Staphylococcus aureus core genome and is the most discriminatory 

method for typing and phylogenetic analysis of S. aureus strains. WGS has applications in the 

prevention, diagnosis and surveillance of S. aureus infections in terms of identification of 

antimicrobial resistance genes in the context of an outbreak (Williamson et al., 2015). 

 

1.8 Treatment of S. aureus infections 

The recommended oral agents for therapy of S. aureus systemic and non-systemic infections that 

are prescribed according to approved guidelines are; Oral antistaphylococcal β-lactams, 

clindamycin, trimethoprim (TMP)- sulfamethoxazole (SMX), doxycycline, minocycline and 

rifampin (David and Daum, 2017).  

 

On the other hand, recommended intravascular antimicrobial agents are vancomycin, daptomycin, 

tigecycline, ceftaroline, dalbavancin, oritavancin, telavancin, and quinupristin/dalfopristin are 

(David and Daum, 2017). Antimicrobials linezolid and Tedizolid are available in both oral and 

intravascular formulations for treatment of S. aureus infections (Jame et al., 2021). 

Ampicillin/penicillin (50,000 IU/kg intramuscular stat dose for children < 15 years and 2.4 mega 
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units’ intramuscular stat dose for adults) with gentamicin (7.5mg/kg intramuscular stat dose for 

children < 15 years and 240mg stat dose for adults), or ceftriaxone (100mg/kg intravascular once 

daily for 7 days) is the standard antimicrobial treatment for S. aureus infections in Malawi (Tam 

et al., 2019). Following World Health organization guidelines, cotrimoxazole is prescribed 400mg 

twice daily in adults and cotrimoxazole 8mg/kg once daily in children as part of antiretroviral 

therapy in Malawi (Dixon et al., 2021). 

 

1.9 Staphylococcus aureus impact on health and economy 

Antimicrobial resistance including methicillin resistance in S. aureus is a global public health 

problem responsible for approximately 111,000 deaths each year in the European Union and more 

than 23,000 annual deaths in the United States of America with approximately 2 million people 

affected. Especially  CA-MRSA confers a greater economic burden than many other acute 

infectious diseases in the USA for example, the hospitalization cost per CA-MRSA infection 

($7070–$20 489 per case) is two to five times that of an influenza case ($3000–$4000 per case), 

and over 17 times that of Lyme disease ($397–$923 per case) and CA-MRSA infections occur 

more frequently than many other infectious diseases (Antonanzas et al., 2015). The impact of 

MRSA on health and economy is not well characterized in Africa (Wangai et al., 2019). This 

therefore warrants more studies on MRSA in the African context. 

 

Therefore, this study aimed at detecting the virulence and antimicrobial resistance genes in 

Staphylococci affecting patients at Malamulo hospital in Malawi in order to improve patient care.  

 

1.10 Statement of the problem 

The prevalence trends of MRSA infections in Malawi are reportedly rising as evidenced by an 

initial prevalence of 7.7% in 1998 that increased to 18.4% in 2016 (Musicha et al. 2017). 

Staphylococcal sepsis is among the top five causes of paediatric deaths in Malawian tertiary 

hospitals (Harris et al. 2019). Moreover, lack of regular AMR surveillance on S. aureus AMR, 

molecular types and virulence is negatively affecting control and treatment efforts in Malawi 

(Makoka et al. 2012). Since inception of Fleming’s AMR surveillance programme in December 

2021, there are 14 sentinel laboratory sites in Malawi that report quarterly disc diffusion and MIC 

antimicrobial susceptibility patterns of priority bacterial pathogens including S. aureus and 
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antibiotics use (Gordon et al., 2020). Monthly monitoring and reporting of antimicrobial 

susceptibility levels, antibiotics usage, strain types including virulence and AMR genes could 

ensure timely availability of data throughout the year for more robust AMR surveillance (Acharya 

et al., 2021).  

 

1.11 Justification of the study 

Molecular characterization of Staphylococcus aureus is important for surveillance, treatment and 

control of public health important strains responsible for infections in a particular locality 

(Zarazaga et al., 2018). Current knowledge of genetic drivers of virulence and resistance among 

locally circulating clinical Staphylococcus strains is a requirement for robust antimicrobial 

stewardship and surveillance.  

 

Public health policies and guidelines used for surveillance, treatment, diagnosis, prevention and 

control of MRSA and (antimicrobial resistance) AMR can be realigned to meet the current 

resistance and virulence challenge. Insights into the lineages of S. aureus and their virulence 

including AMR traits gained from the current study will help influence the guidelines for 

diagnosis, treatment and control of Staphylococcal infections.  

 

1.12 Research questions 

1. What are the antimicrobial susceptibility levels of the Staphylococci isolates? 

2. What are the antimicrobial resistance genes embodied in the Staphylococci isolates? 

3. What are the virulence genes responsible for pathogenicity among the Staphylococci 

isolates? 

4. What spa types of S. aureus are isolated at Malamulo Hospital laboratory? 

 

1.13 Objectives 

1.13.1 General objective 

To determine antimicrobial susceptibility levels, antimicrobial resistance genes, virulence genes 

and spa types of Staphylococci isolated from patients at Malamulo Hospital laboratory in Malawi. 
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1.13.2 Specific objectives 

1. To determine antimicrobial susceptibility levels among the Staphylococci isolates.  

2. To detect selected antimicrobial resistance genes (mecA, mecC, ermA, ermB, ermC, tetL, 

tetO, tetM, tetK) in the Staphylococci isolates. 

3. To detect selected virulence genes responsible for pathogenicity (splA, splB, splC, splD, 

splE, splF, and Panton Valentine Leukocidin (lukS-PV and lukF-PV) gene. 

4. To determine the Staphylococcal Protein A (spa) types of S. aureus isolates. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

2.1 Taxonomy of Staphylococcus aureus 

Staphylococcus aureus was first described by Sir Alexander Ogston in 1880 (Missiakas and 

Schneewind, 2013). Staphylococcus aureus belong to Staphylococceae, a large family that 

comprises 98 species grouped within nine genera. The genus Staphylococcus which is the most 

populated in the Staphylococceae family contains 55 species and 23 subspecies. Staphylococcus 

aureus has two subspecies which are Staphylococcus aureus subspecies aureus and its heterotypic 

synonym Staphylococcus aureus anaerobius (Schaumburg et al., 2014) 

 

2.2 Organization of Staphylococcus aureus genome 

Staphylococcus aureus has an average genome size of ~2.8 Mbp comprising of a single circular 

chromosome and extrachromosomal genetic elements such as plasmids, prophages, genomic 

islands, pathogenicity islands, and the Staphylococcal chromosomal cassette mec (SCCmec) 

(Shukla et al., 2012). The extrachromosomal elements (also called mobile genetic elements) 

represent 15 – 25% of S. aureus genome and are acquired by horizontal gene transfer (Alibayov 

et al., 2014). The mobile genetic elements are key to the dissemination of antimicrobial resistance 

and virulence genes especially among S. aureus lineages through horizontal gene transfer 

(Lindsay, 2014). Recently allotypes of arginine catabolic mobile element (ACME) from coagulase 

negative Staphylococcus epidermidis have been detected in methicillin resistant Staphylococcus 

aureus (MRSA) and may provide further evolutionary advantage to an already successful pathogen 

(Shokrollahi et al., 2022). 
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Figure 2.1: Organization of major genomic elements in methicillin resistant S. aureus (Turner et 

al., 2019). 

 

2.3 Pathogenesis of S. aureus in human clinical infections 

In order to successfully cause infections S. aureus must overcome hosts’ protective barriers such 

as the skin and as they find their way into the blood stream and other organs they must resist 

immune cells including antimicrobial agents to achieve systemic distribution (Cheung et al., 2021). 

Therefore, during multiplication S. aureus produce damaging enzymes and toxins that facilitate S. 

aureus invasion into a human host and survival (Otto, 2014). 

 

2.3.1 Adhesion and invasion of host cells 

During infection S. aureus interact with the host initially by adhering to eukaryotic cells, 

extracellular matrix (ECM) components, and serum proteins by means of adhesins 

(Hammerschmidt et al., 2019). Staphylococcus aureus adhesins are grouped into proteins that are 

cell wall peptidoglycans called microbial surface components recognizing adhesive matrix 

molecules, MSCRAMMs (Ghasemian et al., 2015). 
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The second group consists of secreted proteins that rebind to the bacterial cell surface called 

secretable expanded repertoire adhesive molecules, SERAMs (Bur et al., 2013). Exposure of S. 

aureus to mechanical stresses, for example hydrodynamic flow of urine and cell-surface contacts 

activate the adhesive function of Staphylococcus aureus MSCRAMMs so that the pathogen 

withstands high shear stress by expressing S. aureus adhesins clumping factor A (ClfA) and 

clumping factor B (ClfB) strong binding conformations (Geoghegan and Dufrêne, 2018). Another 

group of MSCRAMMs called fibronectin binding proteins (FnBPs), highly expressed by infecting 

strains of clinical S. aureus, mediate the process of host cell invasion by a binding process that 

signals the host cells to take up the bacteria enabling the pathogen to become intracellular hence 

evading the immune system (Bur et al., 2013).  

 

2.3.2 Genetic basis for virulence 

S. aureus strains responsible for most clinical infections have a tendency to cause infections in 

immunocompromised individuals whereas some strains show enhanced virulence and are capable 

of causing severe infections even in previously healthy people with no predisposing risk factors 

(Sahukhal and Elasri, 2014). This is so because of coordinated genetic regulation of more than 40 

protein virulence factors used to establish and maintain infections that are produced by a vast 

majority of S. aureus strains that have enormous genomic plasticity (Costa et al., 2013).  

 

The most studied and characterized virulence factors include aureolysin (aur), the clumping factors 

A and B (clfA, clfB), the coagulase (coa), the extracellular adherence protein (eap), the 

extracellular matrix protein–binding protein (emp), the fibronectin-binding protein A (fnbPA), α-

hemolysin (hla), lipase (lip), phenol-soluble modulins (psms genes, hld), protein A (spa), and von 

Willebrand factor–binding protein, vWbp (Bonar et al., 2015). Amongst the most virulent strains, 

Panton-Valentin Leukocidin (PVL) is expressed in about 25% of S. aureus strains, and causes the 

destruction of leukocytes and also tissue necrosis (Raineri et al., 2020). 

 

In toxic shock syndrome; PVL exfoliative toxins A and B (ETA and ETB) function as “molecular 

scissors” and facilitate the invasion of the skin leading to atopic dermatitis and other dermal 

infections (Dunyach-Remy et al., 2016). Furthermore, alpha, beta and delta hemolysins are 

cytotoxins that affect a wide range of human cells types including epithelial cells, endothelial cells, 
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T cells, monocytes and macrophages, especially hla (alpha hemolysins), is one of the main factors 

of pathogenicity of S. aureus  (Silva et al., 2020). 

 

Another group of virulence factors unique to S. aureus strains responsible for human clinical 

infections that are known to increase the lethality of S. aureus pneumonia but their specific mode 

of pathogenesis is unknown are six serine proteases (Spl proteases) that are encoded on the νSaβ 

pathogenicity island and expressed through lac operon regulation of six genes namely spl A, spl 

B, spl C, spl D, spl E, and spl F (Paharik et al., 2016).  

 

2.3.3 Basis of AMR in Staphylococcus aureus 

Ability of to survive after in vivo and/or in vitro exposure to one or more antimicrobial drugs can 

arise when S. aureus acquire resistance genes encoded by mobile genetic elements through 

horizontal gene transfer or though mutations in chromosomal genes (Foster, 2017). 

 

2.3.3.1 Drug resistance 

Mechanisms by which S. aureus express drug resistance include; limiting uptake of the drug, 

modifying target of the drug, enzymatic inactivation of the drug, and active efflux pumping out of 

the drug (Yılmaz and Aslantaş, 2017). Conjugative transfer of mobile genetic element-encoded 

drug resistance genes and bacteriophage transduction are the main routes by which S. aureus gain 

novel drug resistance genes by horizontal gene transfer (Haaber et al., 2017).  

 

Horizontally transferred mobile genetic element-encoded drug resistance genes are integrated into 

the staphylococcal chromosome by site specific recombinase genes and this results in acquisition 

of drug resistance when S. aureus begins to synthesize novel proteins that enables the S. aureus to 

resist lethal effects of the drugs (Liu et al., 2016).  

 

Multiplex PCR assays are currently useful molecular tools for rapid detection of AMR genes in S. 

aureus using a panel of primers targeting several resistance genes (Anjum et al., 2017). Some of 

the common Staphylococcus aureus resistance genes and associated antimicrobial drugs classes 

and mechanisms of resistance are summarized in Table 2.1. 
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Table 2.1: S. aureus AMR genes, associated antimicrobial agent classes, and mechanism of 

resistance (Reygaert, 2013) 

AMR Gene Antimicrobial class: 

Antimicrobial agents 

Mechanism of resistance 

mecA, mecC 

 

 

blasZ 

β-lactams: 

Penicillins, Cephalosporins,  

 

Monobactams,carbapenems 

Altered drug target, 

Penicillin binding protein 2 a 

(PBP2a)  

Hydrolysis of β-lactam 

antibiotics by β-lactamase 

tetK 

tetM 

Tetracyclines: 

Tetracycline 

Minocycline 

Tigecycline 

Active efflux pumping 

Ribosomal protection by 

competitive binding 

Cat Chloramphenicol Inactivation by acetylation 

of the drug 

ermA 

ermB 

ermC 

Macrolides and Lincosamides: 

Erythromycin 

Clindamycin 

Methylation of ribosome to 

decrease binding 

rrn, cfr Oxazolidinones: 

Linezolid 

Mutation of ribosome 

Methylation of ribosome 

ermA, ermB, ermC Streptogramins: 

Quinupristin/Dalfopristin 

Methylation of ribosome 

gyrA 

grlA 

norA 

Fluoroquinolones: 

Ciprofloxacin 

Norfloxacin 

Levofloxacin 

Gatifloxacin 

Moxifloxacin 

Gyrase modified target 

Topoisomerase IV modified 

target 

Active efflux 

dhfr/ dhps Metabolic Pathway  

Inhibitors: 

Trimethoprim/Sulfamethoxazole 

Target enzyme modification 
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2.3.3.2 Types of drug resistance 

Staphylococcus aureus is among World Health Organization’s list of priority pathogens due to 

emergence of multidrug resistant S. aureus phenotypes (Gatadi et al., 2019). Multidrug resistance 

occurs when S. aureus acquires resistance to more than three classes of antimicrobial agents (Ge 

et al., 2017). The types of S. aureus drug resistances associated with multidrug resistant 

phenotypes that are well characterized are multidrug resistant methicillin resistant S. aureus (MDR 

- MRSA),and multidrug resistant vancomycin resistant S. aureus (MDR - VRSA) (Hiramatsu et 

al., 2014).  

 

Methicillin resistant S. aureus (MRSA) phenotype results from uptake of mec gene (mecA and/or 

mecC) by horizontal gene transfer of a mobile genetic element Staphylococcal cassette 

chromosome mec(SCCmec) (Lee et al., 2018). Insertion of the 20 - 65 kb SCCmec element into 

the core genome enables S. aureus to express the mec gene (mecA and/or mecC) that encodes 

penicillin-binding protein 2a (PBP2a) (Turner et al., 2019). PBP2a is a transpeptidase with a 

reduced affinity for β-lactam drugs that inhibit cell wall synthesis by transpeptidase-inhibition 

(Fergestad et al., 2020). Consequently, MRSA strains continue cell wall synthesis and 

multiplication in the presence of nearly all β-lactam drugs (Fisher and Mobashery, 2021). Eleven 

SCCmec subtypes (Types I up to XI) of MRSA have been described (Shore and Coleman, 2013). 

 

Vancomycin resistant S. aureus (VRSA) strains result from an independent conjugation transfer 

of the van gene cluster from a donor (mostly vancomycin resistant Enterococcus) to a S. aureus 

recipient (Cong et al., 2020). Minimum inhibitory concentration (MIC) method is the preferred 

technique for determining S. aureus susceptibility to vancomycin (Wu et al., 2021). Variants of 

vancomycin resistant S. aureus phenotypes include heterogeneous vancomycin-intermediate S. 

aureus (hVISA) as defined by an MIC within the range ≤2 μg/ml and vancomycin-intermediate S. 

aureus with an MIC range ≥4 μg/ml (Zehra et al., 2023). 

 

2.3.3.3 Causes of drug resistance 

widespread use of antibiotics is considered the main cause of emergence of drug-resistant bacterial 

strains and antibiotic resistance gene (Tang et al., 2019).The earliest lineage of MRSA was 
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identified in 1960s in England and Denmark, the time when methicillin was introduced into clinical 

practice, but phylogenetic studies have traced the period of acquisition to be the mid-1940s, a 

period when β-lactamase-mediated penicillin resistance was becoming widespread due to usage of 

penicillin for the treatment of staphylococcal infections (Harkins et al., 2017). Use of antibiotics 

may not be the only driving factor of antibiotic resistance in clinical settings as ineffective use of 

biocidal chemical disinfectants in a recent report has also been linked with proliferation of AMR 

S. aureus strains (Meade et al., 2021). Long term infections leading to AMR selection when there 

is repeated antibiotic treatment, or when pathogen adapts to new host immune system, or through 

horizontal resistant gene transfer in the environment or during co-infection with other bacterial 

species has also been reported (Haim et al., 2021).  

 

2.4 Staphylococcus aureus molecular lineages 

Based on molecular typing techniques such as multilocus sequence typing (MLST), distinct set of 

lineages, called clonal complexes of S. aureus are highly implicated in HA-MRSA infections 

especially the following; CC5, CC8, CC22, CC30, and CC45 (Abdulgader et al., 2015). Molecular 

lineages CC1, CC8, CC30, and CC80, are geographically distinct lineages that are predominantly 

associated with community acquired MRSA infections (Di Gregorio et al., 2021).  

 

Clonal complexes CC8 and CC30 are pandemic lineages that are known to cause infections both 

in the hospital and community settings (Abdulgader et al., 2015). In Africa six main CCs of MRSA 

identified are CC5, CC22, CC30, CC45, CC80, CC88, other lineages CC398, CC9, CC97, CC130, 

CC1, which have been reported in human, wild animals and livestock interface (Zarazaga et al., 

2018). 

 

 

  



22 
 

CHAPTER THREE 

 

MATERIALS AND METHODS 

 

3.1 Study Design 

This was a laboratory based retrospective study of S. aureus isolates previously isolated at 

Malamulo Adventist Hospital laboratory in Malawi during the period December 2021 to May 

2022. 

3.2 Study SiteThis study was conducted at Malamulo Hospital, a 275-bed capacity rural referral 

hospital located in Thyolo District, Southern Region of Malawi. Malamulo Hospital has a referral 

bacteriology laboratory serving a catchment area of about 500, 000 people from Thyolo, Mulanje, 

Chikwawa and Blantyre Districts through16 mobile clinics and three health centers. Malamulo 

Hospital bacteriology laboratory was earmarked as a sentinel AMR surveillance site under United 

Kingdom (U.K) Fleming Fund and started its AMR surveillance project in December, 2021. 

Molecular work for this study was conducted at University of Zambia School of Veterinary 

Medicine, an African Centre of Excellence for Diseases of Humans and Animals. 

3.3 Sampling Frame 

The study involved a convenient selection of glycerol stocked samples. These were isolates 

preliminarily identified as S. aureus by routine phenotyping methods such as gram stain, catalase 

and slide coagulase tests between December 2021 to May 2022 at Malamulo Hospital laboratory 

in Malawi. 

3.4 Sample Size 

An initial expected sample size of 231 was estimated using the sample size calculation formula 

(Sharma et al., 2019) in ausvet epitools (epitools.ausvet.com.au): 

𝑛 =
𝑍2 ×   𝑃𝑞

𝑑2
 

Where: n = was the expected sample size 

  Z= was 1.96 using 95% Confidence level 

 𝑃 = was 18.4% prevalence of S. aureus (Musicha et al., 2017) 

 𝑞 = was 1 –𝑃 or 100 – 𝑃 for decimal or percentage is respectively 

 𝑑 = 5% margin of error  
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3.5 Resuscitation of frozen bacteria isolatesA total of 36 glycerol stocked isolates of S. aureus 

previously frozen at − 20°C were resuscitated by scraping some of the frozen bacteria on the 

surface of an opened tube using a sterile loop and directly streaking on nutrient agar plate. The 

plate was incubated for 24 hours at 37°C and observed for single colonies of Staphylococcus 

aureus that were either golden yellow or creamy greyish in color (Naorem et al., 2020). 

 

3.6 Antimicrobial susceptibility testing of the isolatesPhenotypic expression of antimicrobial 

resistance to selected antimicrobial agents by the S. aureus isolates was determined using the 

Kirby-Bauer Disc Diffusion Susceptibility Test as previously described (Chakolwa et al., 2019). 

All 36 S. aureus isolates were subjected to BD BBL™ Sensi-Disc™ Antimicrobial Susceptibility 

Test Discs (Becton Dickinson. New Jersey, United States. Company) of Erythromycin E-15 µg, 

Penicillin P-10 µg, Ciprofloxacin CIP-5 µg, Sulfamethoxazole/Trimethoprim SXT-23.75/1.25 

µg, Gentamicin GM-10 µg, Cefoxitin FOX-30 µg and MASTDISCS® Tetracycline TET 30µg 

(Mast Group Ltd. Liverpool, UK). Several isolated colonies of test organism grown on nutrient 

agar (Mast Group Ltd. Liverpool, UK) at 37°C for 24 hours were suspended in 2mL of 0.85% 

saline to make a heterogeneous mixture. Optical density (OD) of each tube was measured and 

paired with an estimated bacterial cell density McFarland 0.5 = 1.5 × 108 colony forming units 

(CFU)/mL using a DEN-1 McFarland Densitometer (Biosan SIA. Riga, Latvia).  

 

A sterile cotton swab (HiMedia Laboratories Private Ltd. Mumbai, India) dipped in the S. aureus 

suspension, was used to swab over the entire surface of dry BD DIFCO™ Mueller Hinton Agar 

plate (Becton Dickinson. New Jersey, United States. Company) with depth standardized at 4mm. 

Sterile forceps were used to place BD BBL™ Sensi-Disc™ Antimicrobial Susceptibility Test 

Discs (Becton Dickinson. New Jersey, United States. Company) of Erythromycin E-15 µg, 

Penicillin P-10 µg, Ciprofloxacin CIP-5 µg, Sulfamethoxazole/Trimethoprim SXT-23.75/1.25 µg, 

Gentamicin GM-10 µg, Cefoxitin FOX-30 µg and MASTDISCS® Tetracycline TET 30µg (Mast 

Group Ltd. Liverpool, UK) on the streaked plates of Mueller Hinton agar. The plates were 

incubated at 35°C for 24 hours after which zones of inhibition were measured using a ruler in 

millimeters by placing “0” in the center of antibiotic disc and the reading taken at the edge of 

inhibition zone was multiplied by two in order to get the diameter length. The European Committee 
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on Antimicrobial Susceptibility Testing (EUCAST) clinical laboratory zone diameter breakpoints 

for Staphylococcus aureus (Appendix A) were used to define the measured zones of inhibition as 

susceptible, intermediate, or resistant. Multidrug resistance was considered wherever an isolate 

was resistant to at least 3 classes of antimicrobial agents (Ge et al., 2017). Phenotypic identification 

of MRSA was based on expressed cefoxitin (30µg) resistance and Methicillin susceptible ATCC 

29213 Staphylococcus aureus as control organism (Soni et al., 2015).  

 

In resource limited settings where molecular detection of methicillin resistant S. aureus (MRSA) 

is not possible, use of cefoxitin disc diffusion method is recommended (Fri et al., 2018). This is 

so because studies have shown that with reference to mecA gene PCR for MRSA detection, 

cefoxitin disk diffusion test produces more comparable results than oxacillin disc diffusion method 

(Umar et al., 2023). 

 

3.7 DNA extraction and purification 

Boiling method was used to extract DNA from the S. aureus isolates as described by Dashti et al. 

(2009). Several bacteria colonies grown overnight on mannitol salt agar were suspended in 100µL 

of sterile nuclease free water in an Eppendorf tube using a sterile wire loop under sterile conditions. 

The mixture was homogenized at 1000 xg for 10 seconds on a vortex mixer (Vortex-Genie 2, 

Fisher Scientific Ltd. Leicestershire, UK) and afterwards heated at 95°C for 10 minutes in a water 

bath (Thermo Fisher Scientific Inc. Massachusetts, USA). After heating the Eppendorf tube was 

placed on ice for 2 minutes and centrifuged at 3000 xg for 3 minutes at 4°C using a high speed 

refrigerated micro centrifuge (Tomy MX-207, Tomy Digital Biology Co. Ltd. Tokyo, Japan). 

Supernatant containing the DNA was aliquoted under sterile conditions on ice by pipetting 50µL 

of supernatant into a sterile Eppendorf tube. NanoDrop-1000 spectrophotometer, (Thermo Fisher 

Scientific Inc. Massachusetts, USA) was used to assess DNA purity whereby absorbance 260/280 

-ratio of DNA concentration of at least 1.8ng/µL was accepted as pure DNA. The pure DNA 

samples were stored at − 80°C pending use in all PCR reactions in this study. 
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3.8 Molecular confirmation of Staphylococcus aureus species  

Conventional PCR was used to confirm S. aureus species among all 36 Staphylococci isolates in 

this study using previously described protocols and gene specific primers of three S. aureus 

specific genes namely nuc, spa and coa in Table 3.1. 

 

Table 3.1: Primers for S. aureus identification  

Gene Forward (F1) and reverse (R2) primer 

sequences 

Product size 

(Base pairs) 

Citation 

 

nuc F1: 5’ - GCG ATT GAT GGT GAT ACG 

GTT - 3’and R2: 5’ - AGC CAA GCC 

TTG ACG AAC TAA AGC - 3’ 

279bp Zhang et al.,2004 

coa F1: 5’ - GTA GAT TGG GCA ATT ACA 

TTT TGG AGG - 3’and R2: 5’ - CGC 

ATC AGC TTT GTT ATC CCA TGT A - 

3’ 

117bp Ibrahim et al.2019 

spa F1: 5’ - AGACGATCCTTCGGTGAGC - 

3’and R2: 5’ - 

GCTTTTGCAATGTCATTTACTG - 3’ 

250 – 500bp Ghaznavi-Rad and 

Ekrami, 2018 

 

3.8.1 Molecular confirmation of S. aureus using spa gene 

A conventional PCR assay was performed to amplify and detect spa gene using a primer pair in 

Table 3.1 as described by Ghaznavi-Rad and Ekrami, (2018). A final volume of 25µL PCR master 

mix was used so as to secure enough spa gene amplicons to be used for subsequent spa gene big 

dye terminator sequencing. PCR master mix contained 12.5µL OneTaq®Quick-Load® 2X Master 

Mix with Standard Buffer (New England Biolabs, Inc. Ipswich, United States), 0.5µL of 10µM 

concentration for each primer, 7 μL of nuclease free water and 5µL of DNA from the S. aureus 

isolates for PCR amplification. Nuclease free water was as used as negative control. 

Thermocycling conditions involved an initial denaturation step at 95°C for 4 minutes was followed 

by 30 cycles of 95°C denaturation for 30 seconds, 60°C annealing step for 30 seconds, 72°C 

extension for 45 seconds, and a final extension step at 72°C for 10 minutes after 30 cycles. 

Amplicons were run in parallel with a 100bp ladder molecular weight marker on 1.5% agarose gel 
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(Sigma Aldrich Ltd. Missouri, United States) pre-stained with ethidium bromide in an 

electrophoresis system (Mupid-exU, ADVANCE CO., Ltd. Tokyo, Japan). The electrophoresis 

system contained 1 × Tris – Acetate EDTA (TAE) and was run for 30 minutes at 100V. A picture 

was taken under ultraviolet (UV) light in an UV illuminator (Daihan Scientific Co., Ltd. Seoul 

City, South Korea).  

 

3.8.2 Molecular confirmation of S. aureus using nuc gene 

Amplification and detection of nuc gene using a primer pair in Table 3.1 as previously described 

by Zhang et al.(2004). PCR master mix was calculated to a final volume of 10µL by multiplying 

OneTaq®Quick-Load® 2X Master Mix reaction mixture for 25µL by a factor of 10/25 (0.4). A 

10µL total volume was preferred as this protocol only aimed at nuc gene detection. The volume of 

10µL PCR master mix contained 4.8µL OneTaq®Quick-Load® 2X Master Mix with Standard 

Buffer (New England Biolabs, Inc. Ipswich, United States), 0.2µL of 10µM concentration for each 

primer, 2.8 μL of nuclease free water and 2µL of DNA extracted from all 36 S. aureus isolates. for 

PCR amplification.  

 

Nuclease free water and ATCC 29213 Staphylococcus aureus were used as negative control and 

positive control respectively. An initial denaturation step at 94°C for 5 min was followed by 30 

cycles of 94°C denaturation for 1 minute, 50°C annealing step for 1 minute, 72°C extension for 2 

minutes, and a final extension step at 72°C for 10 minutes after 30 cycles. After PCR, 

electrophoresis was run and picture taken as described in section 3.8.1.  

 

3.8.3 Molecular confirmation of S. aureus using coa gene  

PCR amplification and detection of coagulase (coa) gene using a primer pair listed in Table 3.1 

was performed as described by Ibrahim et al. (2019). A final volume of 10µLwas calculated and 

a reaction mixture of PCR master mixture was prepared as in 3.8.2 above. Nuclease free water was 

used as negative control. An initial denaturation step at 94°C for 4 min was followed by 30 cycles 

of 94°C denaturation for 45 seconds, 50°C annealing step for 45 seconds, 72°C extension for 1 

minute, and a final extension step at 72°C for 2 minutes after 30 cycles. Amplification products 

were also run and a picture was taken using apparatus and technique in section 3.8.1. 
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3.9 Molecular detection of selected antimicrobial resistance genes 

Conventional PCR was performed according to previously described protocols using gene 

specific primers for detection of antimicrobial resistant genes as outlined in Table 3.2.  

 

3.9.1 Molecular detection of mecA gene 

A conventional PCR assay was performed to amplify and detect mecA gene according to a 

previously described protocol (Petinaki et al., 2001). A primer pair as stated in Table 3.2 was used. 

OneTaq®Quick-Load® 2X Master Mix with Standard Buffer (New England Biolabs, Inc. Ipswich, 

United States) was used to prepare a final PCR master mix volume of 10µL as in section 3.8.2. 

Nuclease free water was used as negative control. An initial denaturation step at 94°C for 4 min 

was followed by 30 cycles of 94°C denaturation for 30 seconds, 53°C annealing step for 30 

seconds, 72°C extension for 1 minute, and a final extension step at 72°C for 4 minutes after 30 

cycles. Amplification products were run in a submarine electrophoresis system (Mupid-exU, 

ADVANCE CO., Ltd. Tokyo, Japan) containing 1 × Tris-Acetate EDTA. The amplicons were run 

in parallel with a 100bp ladder molecular weight marker on 1.5% molecular biology grade agarose 

gel (Sigma Aldrich Ltd. Missouri, United States) previously stained with ethidium bromide. After 

30 minutes of electrophoresis at 100V, a picture was taken under ultraviolet (UV) light in a UV 

illuminator (Daihan Scientific Co., Ltd. Seoul City, South Korea).  
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Table 3.2: Primers for antimicrobial resistance gene amplification 

Gene Forward (F1) and reverse (R2) primer 

sequences 

Product size 

(Base pairs) 

Citation 

 

mecA F1: 5’ - 

AAAATCGATGGTAAAGGTTGGC - 

3’and R2: 5’ - 

AGTTCTGCAGTACCGGATTTGC - 3’ 

533bp Petinaki et al., 2001 

ermA F1: 5’ - 

TCTAAAAAGCATGTAAAAGAA - 

3’and R2: 5’ - 

CTTCGATAGTTTATTAATATTAG - 

3’ 

645bp Matsuoka et al., 

2002  

ermB F1: 5’ - 

GAAAAGTACTCAACCAAATA - 

3’and R2: 5’ - 

AGTAACGGTACTTAAATTGTTTA - 

3’ 

639bp Sutcliffe et al.,1996 

ermC F1: 5’ -

TCAAAACATAATATAGATAAA - 

3’and R2: 5’ - 

GCTAATATTGTTTAAATCGTCAAT - 

3’ 

642bp Sutcliffe et al.,1996 

tetK F1: 5’ - 

TTAGGTGAAGGGTTAGGTCC - 

3’and R2: 5’ - 

GCAAACTCATTCCAGAAGCA - 3’ 

616bp Aarestrup et al., 

2000 

tetL F1: 5’ - CATTTGGTCTTATTGGATCG 

- 3’and R2: 5’ - 

ATTACACTTCCGATTTCGG - 3’ 

456bp Aarestrup et al., 

2000 

tetM F1: 5’ - 

GTTAAATAGTGTTCTTGGAG - 3’and 

R2: 5’ - 

CTAAGATATGGCTCTAACAA - 3’ 

576bp Aarestrup et al., 

2000 

tetO F1: 5’ - 

GATGGCATACAGGCACAGAC - 

3’and R2: 5’ - 

CAATATCACCAGAGCAGGCT - 3’ 

515bp Aarestrup et al., 

2000 
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3.9.2 Molecular detection of ermA, ermB and ermC genes 

Uniplex conventional PCR assays were performed to individually amplify and detect ermA , ermB 

and ermC genes according to previously described protocol (Matsuoka et al., 2002; Sutcliffe et 

al.,1996). Forward and reverse primers used were as outlined in Table 3.2. A final volume of 10µL 

PCR master mix based on OneTaq®Quick-Load® 2X Master Mix with Standard Buffer (New 

England Biolabs, Inc. Ipswich, United States) was prepared as in section 3.8.2. Nuclease free water 

was used as negative control. Amplification cycles were an initial denaturation step at 93°C for 3 

minutes which was followed by 30 cycles of 93°C denaturation for 1 minute, a 52°C annealing 

step for 1 minute, a 72°C extension for 1 minute, and a final extension step at 72°C for 5 minutes 

after 30 cycles. Amplification products were run in a submarine electrophoresis and pictures were 

taken as in section 3.9.1. 

 

3.9.3 Molecular detection of tetK, tetL, tetM and tetO genes 

The detection employed a conventional PCR that was used to amplify tetK, tetL, tetM and tetO 

genes as described by Aarestrup et al. (2000).The primer pairs that were used are listed in Table 

3.2. A 10µL total volume of PCR master mix was prepared as in section 3.8.2. Nuclease free water 

was used as negative control. PCR thermocycling conditions were an initial denaturation step at 

93°C for 3 minutes that was followed by 30 cycles of 93°C denaturation for 1 minute, 52°C 

annealing step for 1 minute, 72°C extension for 1 minute, and a final holding step at 72°C for 5 

minutes after 30 cycles. The PCR products were run in a submarine electrophoresis system and 

picture was taken as in section 3.8.2. 

 

3.9.10 Molecular detection of selected genes responsible for virulence 

Gene specific primers were used for conventional PCR amplification and detection of virulence 

genes as in previously described protocols in Table 3.3.  
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Table 3.3: Primers for virulence genes amplification 

Gene Forward (F1) and reverse (R2) 

primer sequences 

Product 

size 

(base pairs) 

Citation 

 

PVL 

(lukS/luk

F-PV) 

F1: 5’ - 

GCTGGACAAAACTTCTTGGA

ATAT - 3’and R2: 5’ - 

GATAGGACACCAATAAATTC

TGGATTG - 3’ 

83bp Stegger et al., (2012) 

splA F1: 5’ - 

CATTCAATTGCCGGATCCGA

AAAGAATGTC - 3’and R2: 5’ - 

CACGAATGAATTGACTCGAG

TTATTTTTCAATAT - 3’  

641bp Zdzalik et al., 2012 

splB F1: 5’ - 

CAACAAACTGCCGGATCCGA

AAATAATGTC - 3’and R2: 5’ - 

GCTCGTTTAAAGTCACTCGA

GTTATTTATCTATG - 3’ 

654bp Zdzalik et al., 2012 

splC F1: 5’ - 

GGATCCGAGAAGAATGTTAC

GCAAGTTAAAG - 3’and R2: 5’ 

- 

CTCGAGTTATTGTTCAATGT

GCTTTTGAATAAAATC - 3’ 

621bp Zdzalik et al., 2012 

splD F1: 5’ - 

GGATCCGAAAATAGTGTGA

AATTAATTACCAACACG - 

3’and R2: 5’ - 

CTCGAGTTATTTATCTAAAT

TATCTGCAATAAATTTC - 3’ 

635pb Zdzalik et al., 2012 

splE F1: 5’ - 

GGATCCGAACATAATGTGAA

ACTAATCAAAAATAC- 3’and 

R2: 5’ - 

CTCGAGTTATTTATCTGTGTT

ATCTGCAATGAATTTC - 3’ 

633bp Zdzalik et al., 2012 

splF F1: 5’ - 

CAACAAACAGCCGGATCCG

AAAATACTGTTAAAC - 3’and 

R2: 5’ - 

GTCTAAGCTCGTGTTATTTA

TCTAAATTATC - 3’ 

621bp Zdzalik et al., 2012 
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3.9.10.1 Molecular detection of PVL (lukS-PV and lukF-PV) gene  

A conventional PCR assay was performed to amplify and detect PVL (lukS-PV and lukF-PV) gene 

using a primer pair in Table 3.3 as previously described by Stegger et al. (2012). A final volume 

of PCR master mix contained 4.8µL OneTaq®Quick-Load® 2X Master Mix with Standard Buffer 

(New England Biolabs, Inc. Ipswich, United States). Then 0.2µL of 10µM concentration for each 

primer, 2.8 μL of nuclease free water and 2µL of bacterial DNA for PCR amplification were added 

make a total volume of 10µL. Nuclease free water and ATCC 29213 S. aureus were used as 

negative control and positive control respectively. PCR thermocycling conditions involved an 

initial denaturation step at 94°C for 5 minutes which was followed by 30 cycles of 94°C 

denaturation for 30 seconds, 59°C annealing step for 1 minute, 72°C extension for 1 minute, and 

a final extension (holding) step at 72°C for 10 minutes after 30 cycles. Amplification products 

were run in a submarine electrophoresis system (Mupid-exU, ADVANCE CO., Ltd. Tokyo, Japan) 

containing 1 × Tris – Acetate EDTA (TAE) in parallel with a 100bp ladder molecular weight 

marker on ethidium bromide stained 1.5% molecular biology grade agarose gel (Sigma Aldrich 

Ltd. Missouri, United States). The electrophoresis was run for 30 minutes at 100V. A picture was 

taken under ultraviolet (UV) light in a UV illuminator (Daihan Scientific Co., Ltd. Seoul City, 

South Korea). DNA extracted from all 36 Staphylococci isolates was subjected to these PCR 

conditions. 

3.9.10.2 Molecular detections of splA, splB, splC, splD, splE, and splF genes 

A uniplex PCR for detection and amplification of each gene was performed using primers listed 

in Table 3.3 according to a protocol previously described by Zdzalik et al.(2012). A final volume 

of 10µL PCR master mix was prepared as in section 3.9.10.1. Nuclease free water was used as 

negative control. The amplification cycles involved an initial denaturation step at 95°C for 2 

minutes which was followed by 30 cycles of 95°C denaturation for 30 seconds, 48°C annealing 

step for 30 seconds, 72°C extension for 5 minutes, and a final extension step at 72°C for 5 after 30 

cycles. Amplification products were run in an electrophoresis system and were visualized as in 

section 3.9.10.1. 

 

3.11 Determining the spa types of the S. aureus isolates 

Big dye terminator sequencing method was performed on spa gene positive PCR products as 

previously described by Shopsin et al. (1999). A total of nine spa gene DNA amplicons were 
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purified by DNA clean & concentrator-5 kit (Zymo Research Biotechnology company. California, 

USA). About 100µL of DNA binding buffer were added to 20µL of spa gene amplicons (ratio 

5:1). The mixture was homogenized on a vortex mixer (Vortex-Genie 2, Fisher Scientific Ltd. 

Leicestershire, UK) for 5 seconds and transferred to a Zymo-Spin™ Column in a collection tube 

then followed by centrifugation at 14000 xg for 30 seconds in a refrigerated centrifuge at 4°C. The 

flow through was discarded. Two wash steps followed that utilized a new collection tube to add 

200µL of DNA wash buffer (previously prepared by adding 24mL of 100% ethanol to 6mL of 

DNA wash buffer concentrate) to the column, centrifugation at 14000 xg in a refrigerated 

centrifuge at 4°C for 30 seconds and flow through discarded. 10µL of DNA elution buffer 

containing 10mM Tris-HCl at pH 8.5 and 0.1mM EDTA (Ethylene Diamine Tetra acetic acid) was 

added directly to the column matrix and incubated at room temperature for 1 minute. Finally, the 

column was transferred to a clean sterile Eppendorf tube and centrifuged for 30 seconds at 14000 

× g in a refrigerated centrifuge at 4°C to elute ultra-pure DNA that was verified by an A260/A280 

-ratio of at least 1.8ng/µL on NanoDrop-1000 spectrophotometer, (Thermo Fisher Scientific Inc. 

Massachusetts, USA). Big dye master mix PCR reaction for sequencing was set up and contained 

1µL of Big dye terminator reaction mix (Applied Bio systems, Thermo Fisher Scientific Inc. 

Massachusetts, USA), 3.75µL of 5 × sequencing buffer, 0.35µL of 10µM primer, (forward and 

reverse primers were separated in two PCR reaction tubes representing one sample) 2µL of sample 

DNA template, and 12.92µL of nuclease free water. The PCR thermocycling conditions were an 

initial denaturation at 96°C for 1 minute, followed by 28 cycles of 96°C for 10 seconds, 50°C for 

5seconds and 60°C for 2 minutes and holding at 4°C after the cycles on a Verit 96 well thermo 

cycler (Applied Bio systems, Thermo Fisher Scientific Inc. Massachusetts, USA).  

 

The Big dye PCR products were precipitated prior to sequencing by alcohol precipitation method. 

Firstly, 2µL of 3M sodium acetate and 2µL of 125M EDTA were added to the reaction tubes at 

the same time followed by 90µL of 100% ethanol. The mixture was then incubated for 10 minutes 

in a dark place at 4°C. After incubation, the mixture was centrifuged at 15000 xg for 20 minutes 

at 4°C in a refrigerated centrifuge. The supernatant was discarded after centrifugation and 200µL 

of 70% alcohol was added to the remaining substance followed by centrifugation at 15000 xg for 

10 minutes at 4°C in a refrigerated centrifuge. During these centrifugation steps the supernatant 

was discarded by pipetting at the slant (down side) direction that the tubes made during 
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centrifugation to avoid discarding DNA. Therefore, the tubes were held on the side where DNA 

was leaning. The supernatant was pipetted directly on the opposite side and discarded. The tube 

was then wrapped in an aluminium foil paper and The DNA was dried in a centrifugal evaporator 

(Tomy mini vacuum MV-100, Tomy MX-207, Tomy Digital Biology Co. Ltd. Tokyo, Japan) for 

8 minutes with heating at 55°C for 2 minutes in order to dry the DNA sample. After drying 20µL 

of highly deionized formamide was added to the dry sample that was then homogenized by vortex 

mixing for 1 minute and spun down. 

 

Finally, the sample was denatured at 95°C for 10 minutes in a Verit 96 well thermocycler and 

loaded in a sequencer, Seq Studio Genetic Analyzer (Applied Bio systems, Thermo Fisher 

Scientific Inc. Massachusetts, USA) for DNA sequencing. The sequences were assembled and 

aligned to generate consensus sequences in FASTA format using Genetyx ATGC software 

(www.genetyx.co.jp). FASTA format consensus sequences were aligned using basic local 

alignment search tool (BLAST) in NCBI (www.ncbi.nlm.nih.gov) to check for highly similar 

sequences (megablast). Two online spa typing tools namely spaTypeFinder 

(spatyper.fortinbras.us) and spaTyper, center for genomic epidemiology 

(genomicepidemiology.org) were used to assign spa stypes to the FASTA format consensus 

sequences and to match the spa typing results.  

 

3.12 Data Collection and Analysis 

Social demographic information from Laboratory information system (LIS) that included age, sex, 

clinical specimen, and medical laboratory test performed (e.g., blood culture, urine culture) was 

manually double recorded using a designed form (Appendix B) and entered in a Microsoft Excel 

sheet and backed up in terabox cloud storage (www.terabox.com). Antimicrobial susceptibility 

testing results were manually double recorded on a designed form (Appendix C) and also entered 

in a Microsoft Excel sheet and backed up in terabox cloud storage. Conventional PCR test results 

on nuc gene, coa gene, spa gene, selected antimicrobial resistance genes, and virulence genes were 

also manually double recorded on a designed form (Appendix D) and also entered in a Microsoft 

Excel sheet and backed up in cloud storage. Images of DNA bands on an ultraviolet illuminator 

were captured by an internal camera and images were exported into a new flash drive and also 

backed up in terabox cloud storage. Sequencing data of the Staphylococcus aureus isolates spa 
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gene types was exported from the Sequencer into a new flash drive and also backed up in terabox 

cloud storage. 

 

Descriptive statistics were used to analyze all categorical data using Stata/IC software version 14.2 

(www.stata.com). All charts were constructed in Microsoft excel 2016 and Tables were 

constructed in Microsoft word 2016. 

 

3.13 Ethical Considerations 

Ethics approval was obtained from National Health Sciences Research Committee (NHSRC) in 

Malawi, protocol # 22/08/2966 (Appendix E and Appendix F). Furthermore, the permission to 

conduct the study was obtained from Malamulo Adventist Hospital Management. The material 

transfer agreement process was done prior to ethical clearance as required by the National Health 

Sciences Research Committee (NHSRC) in Malawi. 

 

A material transfer agreement was signed by all involved parties i.e., investigator, Malamulo 

Hospital and School of Veterinary Medicine, The University of Zambia. The material transfer 

agreement was used to obtain an export permit and import permit for transfer of biological samples 

from Malawi to Zambia respectively. Copies of material transfer documents were submitted and 

authenticated by the National Health Sciences Research Committee (NHSRC) in Malawi.  

 

The samples were triple packaged and transported according to World Organization for Animal 

Health (OIE) and the World Health Organization (WHO) regulations for international transfer of 

biological materials. Anonymity was maintained by use of study’s sample identification numbers 

and not patient names nor laboratory accession numbers in the laboratory information system at 

Malamulo Hospital. 

  

http://www.stata.com/
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CHAPTER FOUR 

 

RESULTS 

 

4.1 Number of Staphylococci isolates collected 

A total of 36 glycerol stocked Staphylococci were conveniently selected as they were available 

Staphylococci isolated during the study period which was lower that the calculated expected 

sample size of 231 Staphylococci isolates. 

 

4.2 Sample types and social demographic details of participants  

Confirmed Staphylococcus aureus isolates representing 4.4% (14 from a total of 321 glycerol 

stocked isolates) were included in this study. Other Staphylococci species included in this study 

were 6.9% (22 from a total of 321 glycerol stocked isolates). The Staphylococcus aureus isolates 

were from a variety of human clinical specimens that were examined during the period December, 

2021 to May 2022 at Malamulo Hospital. The clinical samples included 14 urine samples (38.9%), 

three pus swabs (8.3%), 16 blood culture samples (44.4%), one skin wedge sample (2.8%), one 

pleural fluid sample (2.8%) and one ascitic fluid sample (2.8%). Patients were 14 males (38.9%), 

and 22 females (61.1%). The ages of patients were categorized according to risk stratification. 

Among the patients, 12 (33.3%) belonged to paediatric group (ages 0 – 14), 19 (52.8%) belonged 

to the young group (ages 15 – 47), two (5.6%) belonged to the middle age group (48 – 63) and 

three (8.3%) belonged to the elderly group (ages ≥ 64).  

 

4.3 Detection and identification of Staphylococcus aureus 

All isolates in this study had previously been identified as Staphylococcus aureus using routine 

methods namely gram’s stain, catalase test and slide coagulase test at Malamulo Adventist 

Hospital laboratory. Molecular detection of the nuc gene, coa gene and spa gene confirmed 38.9% 

(14/36) isolates as S. aureus species representing 4.4% (14/321) total confirmed S. aureus during 

the study period.  

 

Among the PCR confirmed S. aureus, 2.8% (1/36) were coa gene positive, 5.6% (2/36) were spa 

gene positive, 5.6% (2/36) were nuc gene positive, 5.6% (2/36) were both coa and spa gene 
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positive, 13.9% (5/36) isolates were both nuc and spa gene positive, and 5.6% (2/36) were positive 

to all three genes. The nuc gene was the most detected and confirmed in 71.4% (10/14) isolates as 

Staphylococcus aureus species. A total of 64% (9/14) were confirmed by spa gene and 35.7 % 

(5/14) by coa gene. 

 

 

Figure 4.1: Molecular confirmation of S. aureus species 

 

4.4 Antimicrobial susceptibility and resistance genes profile 

4.4.1 Phenotypic antimicrobial susceptibility profile and ranking  

Overall, 38.9% (14/36) of the isolates were multidrug resistant. Among the multidrug resistant 

isolates, 57.1% (8/14) were PCR confirmed S. aureus species whereas 42.9% (6/14) were other 

Staphylococci species. Moreover, among the PCR confirmed multidrug resistant S. aureus isolates 

37.5% (3/8) were multidrug resistant-methicillin resistant S. aureus (MDR-MRSA). The multidrug 

resistant Staphylococci species group (unconfirmed species) had 33.3% (2/6) multidrug resistant-

methicillin resistant Staphylococci isolates (Table 4.1). 
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Table 4.1: Multidrug antimicrobial susceptibility pattern of isolates 

Antimicrobial drugs resistance pattern Proportion of isolates 

S. aureus group  

% (n) 

Staphylococci spp. 

group % (n) 

Trimethoprim/sulfamethoxazole + Penicillin + 

Ciprofloxacin 

7.1 (1) - 

Trimethoprim/sulfamethoxazole + Penicillin + 

Tetracycline 

7.1 (1) - 

Trimethoprim/sulfamethoxazole + Penicillin + 

Erythromycin 

- 4.6 (1) 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Erythromycin + Ciprofloxacin 

- 4.6 (1) 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Penicillin + Cefoxitin 

7.1 (1) 4.6 (1) 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Penicillin + Erythromycin 

7.1 (1) - 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Erythromycin+ Gentamicin 

7.1 (1) - 

Tetracycline + Penicillin + Erythromycin + 

Cefoxitin 

7.1 (1) - 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Erythromycin + Ciprofloxacin + Gentamicin 

- 4.56 (1) 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Penicillin + Erythromycin + Ciprofloxacin 

- 4.56 (1) 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Penicillin + Erythromycin + Gentamicin 

7.1 (1) - 

Trimethoprim/sulfamethoxazole + Tetracycline + 

Penicillin + Erythromycin + Ciprofloxacin + 

Cefoxitin + Gentamicin 

7.1 (1) 4.6 (1) 

 

The highest resistance observed amongst all the isolates was against 

Sulfamethoxazole/trimethoprim recorded at 50% and the least resistance recorded was against 

gentamicin at 13.9%. Resistance to penicillin and tetracycline was at 38.9% while resistances to 

erythromycin, ciprofloxacin, cefoxitin were recorded at 30.6%, 19.4%, and 16.7%, respectively 

(Figure 4.2).  
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Figure 4.2: Overall antimicrobial susceptibility levels of isolates to antimicrobial agents ranking. 

Figure was generated in Microsoft Excel 2016. 

 

The clustering of all multidrug resistant Staphylococci isolates in this study (n = 14) based on 

patients’ age categories and sample source types showed that most of the multidrug resistant 

Staphylococci were isolates from blood and urine sample sources. The clustering of multidrug 

resistant Staphylococci in blood sample source was as follows; two isolates from paediatric age 

group (age: 0 – 14), two isolates from young age group (age: 15 – 47), and one isolate from elderly 

age group (age: ≥ 64). In urine sample source, multidrug resistant Staphylococci clustered as 

follows; four isolates from middle age groups (age: 15 - 47) and one isolate from the elderly group 

(age: ≥ 64).  

 

One multidrug resistant Staphylococcus was from each pus sample source of young (age: 15 – 47) 

and middle (age: 48 – 63) age groups respectively. One multidrug resistant Staphylococcus was 

also from each pleural fluid and skin wedge sample source of paediatric (age: 0 – 14) and young 

(age: 15 – 47) age groups respectively (Table 4.2).  
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Table 4.2: Multidrug resistant Staphylococci stratified by sample source types and patients age 

categories. 

Multidrug resistant Staphylococci isolates %(n) 

Patients’ age category 

  Age: 0 – 14  Age: 14 – 47  Age: 48 – 63  Age ≥ 64  

Blood 14.3% (2) 14.3% (2) 0 7.1% (1) 

Pus 7.1% (1) 0 7.1% (1) 0 

Urine 0 28.3% (4) 0 7.1% (1) 

Pleural Fluid 0 7.1% (1) 0 0 

Skin wedge 7.1% (1) 0 0 0 

 

4.4.2 Antimicrobial resistance genes detected  

Antimicrobial resistance genes were detected in 30.6% (11/36) of both the S. aureus and 

Staphylococci species group of isolates. The detection rates were as follows, tetK 22.2% (8/36), 

mecA 8.3% (3/36), tetL 5.6% (2/36), tetM 5.6% (2/36), and ermA 2.8% (1/36). Among the S. 

aureus group 57.1% (8/14) isolates had tetK detected, 14.3% (2/14) had mecA gene detected. The 

AMR genes ermA, B and C genes were not detected among S. aureus isolates. In contrast, among 

the Staphylococci species group all antimicrobial resistance genes mecA, tetK, tetL, tetM and 

ermA were detected in 27.3% (6/22) of the isolates (Table 4.3).  

 

Table 4.3: Comparison of AMR genes detection between PCR confirmed S. aureus isolates and 

other Staphylococci species  

  Proportion of isolates %(n) 

AMR gene S. aureus group  

(Total number = 14),  

Staphylococci species group (Total number = 

22) 

tet K 57.1% (8) 4.6% (1) 

tet L 0 9.1% (2) 

tet M 7.1% (1) 4.6% (1) 

mec A 14.3 % (2) 4.6% (1) 

erm A 0 4.6% (1) 
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The highest detection of the antimicrobial resistance genes occurred in blood specimens across all 

age categories (Table 4.4).  

 

Table 4.4: Detection of AMR genes in Staphylococci isolates stratified by sample source types and 

patient age categories. 

Number of Staphylococci isolates (n), actual AMR genes detected. 

Participant age category 
 

Age: 0 – 14  Age: 14 – 47  Age: 48 – 63  Age ≥ 64  

Blood (2), tet K, ermA  (2), tetK, tetL,  

tet M, mec A 

(1), tet K (1), tetK, tetM, 

mecA 

Urine 0 (2), tetK, tetL 0 (1), mec A 

Skin wedge  (1/12), tetK 0 0 0 

Ascitic Fluid 0  (1), tet K 0 0 

 

Representative agarose gel pictures of the detected antimicrobial resistance genes are shown in 

Figure 4.3A to E. 

 

   

A.       B. 
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C.        D. 

 

 

E. 

 

Figure 4.3A to E: Lane L: 100bp molecular marker, Lane 1: Negative control, A Lanes 3, 4, 5, and 

6: tetK gene; B Lanes 5, 10, and 13: mec A gene; C Lanes 5 and 10; tetM; D Lane 6: erm A; E 

Lanes 10 and 11; tetL detection by ethidium bromide stained 1.5% agarose gel electrophoresis at 

100V. 

 

4.5 Virulence genes detected  

4.5.1 PVL (lukS-PV and lukF-PV) gene 

The PVL (lukS-PV and lukF-PV) gene was detected in four confirmed S. aureus isolates. None of 

the isolates from the Staphylococci species group were positive for PVL (lukS-PV and lukF-PV) 

gene in this study. Two of the S. aureus isolates with PVL (lukS-PV and lukF-PV) gene detected 

were from pus sample sources of young age group patients (age: 15 – 47). Other two S. aureus 

isolates with PVL (lukS-PV and lukF-PV) gene detected were each from blood sample sources of 

a paediatric patient and in ascitic fluid of young age group patients respectively (Table 4.5).  
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Table 4.5: PVL (lukS-PV and lukF-PV) gene detection stratified by sample source types and 

patients’ age categories (n = 4) 

(n) = number of S. aureus isolates with PVL (lukS-PV and lukF-PV) gene 

detected  

 Age: 0 – 14  Age: 14 – 47  Age: 48 – 63  Age ≥ 64  

Blood  (1) 0 0  0  

Pus 0 (1) (1) 0 

Ascitic Fluid 0 (1) 0 0 

 

Figure 4.4 is a representative agarose gel picture for PVL (lukS-PV and lukF-PV) gene PCR 

detection. 

 

Figure 4.4: Lane L: 100bp molecular weight marker; Lane 1: Negative control; Lane 10, 12,17 and 

18: PVL (lukS-PV and lukF-PV) gene detection by ethidium bromide stained 1.5% agarose gel 

electrophoresis at 100V. 

 

4.5.2 spl genes 

The spl genes were detected in 85.7% (12/14) exclusively S. aureus isolates in this study. The most 

detected spl genes were splA 42.9% (6/14) and splD 42.9% (6/14) whereas splB 35.7% (5/14), 

splC and splF were each detected in 21.4% (3/14), while splE was detected in 14.3% (2/14) S. 

aureus isolates. The highest number (n) of spl genes detected clustered amongst the young age 

category whereby all six spl genes were detected in four different isolates from blood specimens 

(Table 4.6).  
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Table 4.6: Distribution of spl genes detection stratified by sample source types and patients’ age 

categories  

Number of S. aureus isolates with spl genes detected (n), actual spl genes 

detected 

Patients’ age categories 

 Age: 0 – 14  Age: 14 – 47 Age: 48 – 63 Age ≥ 64  

Blood (2), splA, splD (4), splA, splB,  

splC, splD,  

splE, splF 

(1), splF (1), splA 

Urine 0 0 0 (1), splC 

Ascitic fluid 0 (1), splA, splB 0 0 

Skin wedge (1), splA, splD 0 0 0 

Pus 0 (1), splD 0 0 

 

Figure 4.5 is a representative agarose gel picture for spl genes (splA, splB, splC, splD, splE and 

splF) PCR detection. 
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Figure 4.5: Lane L: 100bp molecular marker, Lane 1: Negative control, Sample 1: Lane A (spl A), 

Lane C (spl C), Lane D (spl D), Lane E (spl E), Lane F (spl F), Sample 2: Lane A (splA), Sample 

3: Lane C (splC) detection by ethidium bromide stained 1.5% agarose gel electrophoresis at 100V. 

 

4.6 spa typing  

The most abundant spa type among the spa gene positive S. aureus isolates was t941 at 33.3% 

(3/9). Other spa types detected in this study were spa types t6140 at 11.1% (1/9), t1130 at 11.1% 

(1/9), t021 at 11.1% (1/9), t002 at 11.1% (1/9); t064 at 11.1% (1/9) and an unknown spa type at 

11.1% (1/9) was also detected (Table 4.7).  

 

Table 4.7: Distribution of spa types among S. aureus isolates from Malamulo Hospital in Malawi. 

Proportion % (n) spa type Repeat succession  

33.3 (3) t941 04-21-12-17-20-17-12-12-17-16 

11.1 (1) t6140 07-23-12-13-12-12-23-02-12-23 

11.1 (1) t1130 15-12-16-16-16-02-16-02-25-17-24 

11.1 (1) t021 15-12-16-02-16-02-25-17-24 

11.1 (1) t002 26-23-17-34-17-20-17-12-17-16 

11.1 (1) t064 11-19-12-05-17-34-24-34-22-25 

11.1 (1) Unknown  11-19-12-05-17-34-24-34-22 
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The spa gene sequences of our isolates had 92.8% identity similarity to S. aureus subspecies 

aureus (NCTC 8325), in NCBI basic local alignment search tool (BLAST). Figure 4.6 is a 

representative NCBI hits table for the unknown spa type consensus sequence with identity 

similarity 92.8%. 

 

 

Figure 4.6: Representative NCBI BLAST hits for unknown spa type  

 

The distribution of spa types stratified by specimen types and age categories showed that most spa 

types were S. aureus from blood sample source type (Table 4.8). 

 

Table 4.8: Distribution of spa types stratified by specimen types and age categories 

Number of S. aureus spa types detected (n), actual spa types detected 

Patients’ age categories 

 Age: 0 – 14  Age: 14 – 47  Age: 48 – 63 Age ≥ 64  

Blood (2), t021, t064 (2), Unknown spa 

type, t0941 

0  (1), t6140 

Pus 0 (1), t1130 0 0 

Urine 0 0 0 (1), t002 

Ascitic fluid  (1), t941   

Skin wedge (1), t941    
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CHAPTER FIVE:  

 

DISCUSSION 

 

5.1 Discussion  

The proportion and number of confirmed S. aureus infections during the study period at Malamulo 

Hospital was low at 4.4% (n = 14) as compared to previous findings in Malawi. An overall 6.6% 

(n = 1925) S. aureus bacteremia infections was reported at Queen Elizabeth Central Hospital in 

Blantyre, Malawi from January 1998 to December 2016 (Musicha et al., 2017). In another study 

an overall 34.7% (n = 783) S. aureus isolated in various clinical specimens that included pus, urine, 

blood, ear swabs, cerebrospinal fluid and other body fluids was reported by Kumwenda et al. 

(2021) at Mzuzu Central Hospital in Mzuzu, Malawi, from 2002 to 2014  and 26% (n = 86) S. 

aureus isolated in pus, blood, urine and cerebrospinal fluid reported by Choonara et al.(2022) at 

Kamuzu Central Hospital in Lilongwe, Malawi from June to December 2017.  

 

This difference in S. aureus infections observed could be due to the small sample (n = 36) size and 

shorter time frame (6 months) for sample collection that was used in this study as compared to the 

previous studies. Furthermore, this study was conducted at a secondary rural referral facility that 

offer bacteriology referral services to a relatively smaller population of 500,000 as compared to 

the tertiary and larger bed capacity referral facilities where previous studies were conducted. For 

instance, Queen Elizabeth Central Hospital (QECH) in Blantyre, has a catchment population of 

about six million people and is a tertiary referral hospital for 12 public Districts Hospitals in the 

Southern Region of Malawi (Prin et al., 2016). 

 

A high proportion of Staphylococci reported in this current study were from blood sample source 

type. Previous research attests that S. aureus is the most isolated bacterial pathogen in blood culture 

specimens in febrile illnesses in Malawi (Makoka et al., 2012).  

 

S. aureus bacteremia has been associated with poor clinical outcomes with increased mortality 

worldwide if the infection occurs in the paediatric and older age categories or sickly patients with 

low immunity when diagnosis and treatment is delayed (Tong et al., 2015). Timely laboratory 
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diagnosis and treatment is key to reduce mortality associated with S. aureus bacteremia (Yilmaz 

et al., 2016). However antimicrobial resistance including methicillin resistance, and emergence of 

variant strains consequently make S. aureus bacteremia infections difficult to diagnose and treat 

on time and therefore S. aureus bacteremia continues to be a major public health threat (Hassoun 

et al., 2017). S aureus bacteremia can result from various manifestations of S. aureus infection 

such as soft tissue infections, S. aureus urinary tract infection, endocarditis leading to S. aureus 

bacteremia infection through metastasis and upregulation of virulence factors involved in invasion 

such as hla (Horino and Hori, 2020). This study also explored other sample source types associated 

with S. aureus clinical infections that can lead to S. aureus bacteremia which included urine from 

S. aureus urinary tract infections, pus and skin wedge samples from S. aureus soft tissue infections. 

 

Routine biochemical identification of all the Staphylococci isolates in this study consisted of gram-

positive cocci grown overnight on 5% blood agar plate that were both catalase and slide coagulase 

test positive were considered as S. aureus. The low yield of S. aureus species by molecular testing 

observed in this study could be due to the fact that only three biochemical tests namely gram stain, 

catalase and coagulase tests were used to screen for S. aureus during routine testing.  

The use of more sequel biochemical tests for routine screening of S. aureus in an ordered manner 

has been proven to reliably identify S. aureus species biochemically in resource limited countries.  

 

In Nigeria for example, sequel testing using gram stain, hemolysis on blood agar, growth on 

mannitol salt agar, clear colonies on DNase agar, catalase test, tube coagulase test and Microgen™ 

STAPH-ID test has been proven to reliably identify S. aureus species (Confidence et al., 2013). 

Inadequate identification of bacterial isolates can lead to a wrong prescription and potentially 

contribute to emergence of antimicrobial resistance (Saha and Sarkar, 2021). Use of catalase and 

coagulase tests alone can potentially lead to misidentification of S. aureus species. 

Misidentification of S. aureus can result because there are also other catalase and coagulase 

positive Staphylococcus species that are animal and human pathogens for instance Staphylococcus 

intermedius (Foster et al.,1997).  

 

In this present study, the nuc gene was the most detected specific gene for S. aureus species as 

compared to spa gene and coa gene. The nuc gene is considered as a potential candidate gene for 
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rapid PCR identification of S. aureus species (Sahebnasagh et al., 2014; Brakstad et al., 1992). In 

spite of that, it has been shown that nuc gene can also be detected in S. pseudintermedius, and S. 

schleiferi besides S. aureus and therefore this warrants the coupled use of PCR along with 

sequencing to ascertain molecular species of S. aureus (González-Domínguez et al., 2020). 

Alternatively, the use of several S. aureus specific genes for instance use of multiplex PCR has 

potential for adequate speciation and diagnosis (Montazeri et al., 2015).  

 

The highest phenotypic antimicrobial resistance observed in this study was against 

trimethoprim/sulfathomexazole, followed by tetracycline and penicillin resistance. High resistance 

to trimethoprim/sulfathomexazole up to 92% has recently been reported in Enterobacteriaceae 

(Onduru et al., 2021), and Pneumococci up to 96% (Cornick et al., 2014) in Malawi.  

Previous findings signify that trimethoprim/sulfathomexazole resistance is gaining ground in both 

gram negative and gram-positive bacterial pathogens in Malawi.  

 

Daily intake of trimethoprim/sulfamethoxazole as an antibacterial prophylactic drug among 

patients on anti-retroviral therapy may be an important  trimethoprim/sulfathomexazole resistance 

selection pressure (Laurens et al., 2021). Furthermore, according to Sambakusi, (2019), 

trimethoprim/sulfathomexazole is amongst home stocked antimicrobial agents used for self-

medication against coughs, fever and malaria in Malawi. Evidence of circulating S. aureus strains 

with trimethoprim/sulfathomexazole resistance gene (dfrG gene) in sub-Saharan Africa has been 

previously reported by Nurjadi et al.(2014) and the trimethoprim/sulfathomexazole resistance 

gene (dfrG gene) is transferrable in Staphylococci species (López et al., 2012). Tetracycline and 

penicillin resistance was also reported in the current study. Oxytetracycline is reportedly amongst 

the most frequently used veterinary antibiotics in Blantyre, Malawi according to Mankhomwa et 

al.(2022). Sustained high resistance to tetracycline and penicillin in human infections have resulted 

in declined use of these antimicrobial agents in Malawi which were previously used to empirically 

treat N. gonorrheae infections (Brown et al., 2010).  

 

Multidrug resistance in this study was considered if an isolate showed phenotypic resistance to at 

least three different classes of antimicrobial agents of the seven antimicrobial classes used to treat 

S. aureus infections (Ge et al., 2017). The representative antimicrobial agents and classes were as 
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follows penicillin (beta lactam), cefoxitin (cephalosporins), tetracycline (tetracyclines), 

erythromycin (macrolides and lincosamides), ciprofloxacin (Quinolones), gentamicin 

(aminoglycosides) and trimethoprim/sulfathomexazole.  

 

S. aureus species predominated Staphylococci species isolates in terms of multi-drug and/or 

methicillin resistance. However, at least one strain from each group was resistant to all seven 

representative antimicrobial classes.  

 

Previous studies in Malawi  have reported occurrence of methicillin resistant S. aureus in human 

clinical specimens but multidrug resistance has largely been reported in enterobacteriaceae 

(Gallaher et al., 2018). In this study therefore, we report occurrence of methicillin and multidrug 

resistant S. aureus (MDR-MRSA) strains at Malamulo Hospital in Malawi. MDR-MRSA strains 

are a serious threat to public health and extensively contribute to high mortality rates among 

patients especially in developing countries as the infections are usually difficult to treat (Lim et 

al., 2016).  

 

Compared to phenotypic resistance pattern in this study, tetK was detected only in four isolates 

that were also phenotypically resistant to tetracycline whereas other four isolates had tetK gene 

detected but without corresponding tetracycline phenotypic resistance. The tetracycline resistance 

genes tetK and tetL encode energy dependent membrane-associated proteins that efflux pump out 

tetracycline from the bacterial cell as a mechanism of antimicrobial resistance (Ullah et al., 2012). 

The tetracycline resistance genes tetM and tetO on the other hand code for ribosomal protection 

proteins, which function biochemically to reduce the affinity of tetracycline to the bacterial 

ribosome (Schmitz et al., 2001). Surprisingly in this study some S. aureus strain that had tetK and 

tetL did not exhibit phenotypic tetracycline resistance whereas all isolates with tetM demonstrated 

phenotypic tetracycline resistance. The strain that lacked phenotypic expression of tetracycline 

resistance could possibly be an inducible tetracycline resistance strain that require pre-incubation 

with sub inhibitory tetracycline concentrations in order to express tetracycline resistance and can 

lead to false identification of susceptibility testing (Trzcinski et al., 2000).  
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Unfortunately, inducible tetracycline resistance was not investigated in this protocol because 

minimum inhibition concentration (MIC) breakpoint method was not used in this study rather we 

used the disc diffusion method. 

 

All isolates that had the mecA gene detected in this study had corresponding expression of 

phenotypic methicillin resistance. However, three isolates that had phenotypic expression of 

methicillin resistance tested negative for the mecA gene. MRSA isolates exhibit β-lactam 

resistance due to the acquisition of penicillin binding protein 2A (PBP2A), encoded by mecA 

(Panchal et al., 2020). A variant of the mecA gene, mecC gene that also confer methicillin 

resistance to S. aureus through expression of a variant PBP2a has been reported (Laurent et al., 

2012). The mecC carrying MRSA has been associated with human (Lozano et al., 2020), livestock 

(Aklilu and Chia, 2020) as well as wild animal infections (Gómez et al., 2014). The use of cefoxitin 

as was done in this study is considered the most reliable method for phenotypic detection of both 

mecA and mecC carrying MRSA (Skov et al., 2014). Therefore, it is possible that that the three 

isolates that had phenotypic expression of methicillin resistance but without mecA gene detected 

were likely β-lactamase hyper producers (Argudín et al., 2018).  

 

The erythromycin resistance gene ermA was detected in one Staphylococci species isolate in this 

study. We could not ascertain the species of this isolate in this study but literature evidence shows 

that a number of antimicrobial resistance genes including ermA, tetK, tetL, tetM and mecA have 

been detected in pathogens related to S. aureus such as S.pseudintermedius which are important 

pathogens of both humans and animals (Kadlec and Schwarz, 2012). The resistance genes that 

were detected in S. aureus isolates in this study namely tetK, tetM and mecA are all horizontally 

transferrable genes that can be passed from a resistant to a susceptible S. aureus strain (Bitrus et 

al., 2017; Baumgardner et al., 2021).  

 

Pathogenicity of S. aureus highly relies on expression of virulence factors and in this study, we 

also investigated the presence of the spl genes and the PVL (lukS-PV and lukF-PV) gene among 

the isolates.  
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Staphylococcus aureus agr locus also a quorum-sensing gene cluster modulates expression of over 

70 genes, 23 of which are virulence genes including genes that encode proteases investigated in 

this study splA, splB, splC, splD, splE and splF (Singh and Phukan, 2019). The PVL (lukS-PV and 

lukF-PV) gene  of the egc operon (enterotoxin gene cluster) in S. aureus that encode Panton-

Valentine leucocidin (PVL) responsible for invasive staphylococcal disease worldwide (Shallcross 

et al., 2013).  

 

Overall, the spl genes were detected in the highest proportion among the S. aureus isolates in this 

study as compared to PVL (lukS-PV and lukF-PV) gene (33.33%). Occurrence of spl genes in this 

study was highest in blood culture S. aureus isolates. Notably splD was the most highly detected 

and none of the isolates had all six spl genes in this study. There is growing evidence that spl 

positive strains only contain a particular set of spl genes and not all six proteases which was also 

evidenced in this study. The spl genes are highly expressed in life-threatening S. aureus conditions, 

such as pneumonia, endocarditis, osteomyelitis, and sepsis according to the pathophysiology of 

the strain in question (Zdzalik et al., 2012). Biochemical structural studies have suggested that Spl 

proteases exhibit cooperative hydrolytic activities during an S. aureus infection but uniquely SplD 

selects threonine, isoleucine, leucine, valine, alanine, and serine at substrate’s residue position 1 

to perform an elastase-like activity (Zdzalik et al., 2013).  

 

The spa types t941 (33.33%) and t002 (11.1%) of which the former were the most abundant in this 

study were previously reported among European travelers from Tanzania. (Nurjadi et al., 2014). 

Interestingly, they were trimethoprim/sulfathomexazole resistant in the previous study as well as 

in this present study (Nurjadi et al., 2014). Importantly, in the current study, the spa type t002 

(11.1%) isolate was a MDR-MRSA. Further molecular epidemiology and phylogenetic studies in 

this case can help to establish if the Tanzanian and this present Malawian spa type t002 are 

evolutionary related strains and eventually help to limit their anticipated spread.  

 

The spa type t064 has been reported in Uganda, Nigeria, Ethiopia, Zambia and Namibia in 

association with both hospital and community acquired as well as zoonotic infections (Kateete et 

al., 2019; Stastkova et al., 2009; Nurjadi et al., 2014; Samutela et al., 2017).  

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/enterotoxin
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The spa type t021 (11.1%) has also been reported worldwide both in human and animal infection 

(Ishihara et al., 2014; Goudarzi et al., 2018). In this study the spa type t021 (11.1%) was a 

methicillin susceptible multidrug resistant S. aureus (MDR-MSSA) strain.  

 

The other spa types t1130 (11.1%) and t6140 (11.1%) have not been widely reported and the 

unknown spa type (11.1%) reported in this study had a repeat succession similar to spa type t064 

(11.1%). Whole genome sequence analysis can help to investigate if this novel spa type (11.1%) 

resulted from genetic evolution of spa type t064 (11.1%) as both strains showed similar phenotypic 

resistance pattern but only exhibited virulence spl genes differently. 

 

5.2 Limitations of the study 

One limitation of the study is that a small sample size of S. aureus isolates (n = 14) and other 

Staphylococci species (n = 22) was which implies that these results cannot be generalized. Only 

36 Staphylococci isolates were stocked since the inception of the Fleming fund AMR surveillance 

program which was directly linked to the study period.  

 

Another limitation of the study is that the conventional PCR and partial sequencing of the spa gene 

was only done on a representative number of isolates as such we could not ascertain the species of 

22 Staphylococci isolates that were not confirmed as S. aureus during molecular detection of S. 

aureus species using nuc, spa, and coa genes.  

 

Further, we employed the disc diffusion method for antimicrobial susceptibility testing which does 

not determine inducible resistance strains that require MIC method.  

 

Furthermore, due to lack of clinical data on other underlying clinical conditions including 

HIV/AIDS status, treatment and length of hospital stay for the participants in this study, we could 

not link striking phenotypic resistances to the treatment strategies that were used on the patients. 
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CHAPTER SIX 

 

CONCLUSION AND RECOMMENDATIONS 

 

6.1 Conclusions  

1. This study affirmed that S. aureus bacteremia may be a common presenting form of S. 

aureus infection at Malamulo Hospital.  

 

2. MDR - MRSA and other multidrug-methicillin resistant Staphylococci species are a 

possible public health threat with noteworthy trimethoprim/sulfathomexazole, 

erythromycin, and tetracycline resistance at Malamulo Hospital. 

 

3. The spl genes (splA, splB, splC, splD, splE and splF) could be among the predominant 

genetic drivers of virulence in S. aureus bacteremia infections whereas PVL (lukS and 

lukF-PV) gene could be a predominant virulence determinant in skin and/or soft tissue at 

Malamulo Hospital. 

 

4. The predominant spa type in this study of t941 along with t002, t021 and t064 are well 

documented and endemic in sub – Saharan Africa.  

 

5. The unknown spa type reported in this study could be evolutionary closely related to spa 

type t064 as they had a similar repeat succession, a similar phenotypic resistance pattern 

but differed in the detection profile of virulence spl genes.  

 

6.2 Recommendations and future directions 

The MDR-MRSA and other multidrug methicillin resistant Staphylococci species observed in this 

study along with striking trimethoprim/sulfathomexazole resistance reported in this study can 

potentially frustrate treatment efforts in an already limited resource public health system. 
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1. This molecular study of clinical S. aureus isolates at Malamulo Hospital has provided some 

revealing insights that can be used to improve routine diagnosis, treatment of clinical S. 

aureus. 

 

2. There is need for more molecular epidemiology and characterization studies on S. aureus 

and other pathogenic Staphylococci species preferably using whole genome sequence tools 

at Malamulo Hospital. This can provide more insights on how different pathogenic 

Staphylococci strains are gaining resistance to common antibiotics at alarming rates as with 

trimethoprim/sulfathomexazole as well as emergence of methicillin and multidrug resistant 

pathogens.  

 

3. Based on the findings of this study several directions can be explored. Firstly, whole 

genome sequencing of Staphylococci species isolates to determine occurrence of other 

Staphylococcal pathogens that may be confused as S. aureus as well as determining their 

genotypic virulence and genotypic drug resistance profile in all the isolates. Whole genome 

sequencing of S. aureus isolates in this study can also help determine other molecular traits 

such as multilocus sequence types (MLST) and Staphylococcal cassette chromosome mec 

(SCCmec) types. 
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