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a b s t r a c t 

To provide an empirical insight on Staphylococcus aureus (S. aureus) nasal colonization and urinary tract infection 
(UTI) among people living with HIV/AIDS (PLWHA) in Nigeria, a quantitative synthesis and systematic review 

were executed. A comprehensive bibliometric search was conducted for published articles using the keywords 
‘nasal S. aureus carriage’, ‘Urinary S. aureus’ , ‘nasal MRSA’, ‘staphylococci-HIV coinfection’, ‘urinary MRSA’ and 
‘all states of Nigeria’. Eligible studies and the number of subjects (n) were analysed according to the PRISMA cri- 
teria. Out of the 79 examined studies, only 6 (n = 1181) and 6 (n = 1350) on nasal and urine samples, respectively, 
were eligible. The pooled prevalence of nasal carriage and UTI of S. aureus were 29.6% and 6.8%, respectively. 
However, the pooled nasal MRSA carriage was 13.4%. The pooled prevalence of luk-F/S-PV -carrying S. aureus 

among nasal samples was 13.0%. Molecular typing from 3 studies showed MRSA-ST8-t064 and MSSA-ST15-t084 
as the predominant genetic lineages. The S. aureus isolates from both sample types had the highest ( > 50%) re- 
sistance to penicillin, sulfamethoxazole-trimethoprim, erythromycin, and tetracycline. Multi-drug resistance was 
not significantly higher among S. aureus isolates from urine than nasal samples (60% versus 40.0% of eligible stud- 
ies) ( p = 0.5271). A moderate and high pooled prevalence of genetically diverse MRSA and luk-F/S-PV -carrying S. 

aureus were obtained from PLWHA, respectively. These findings emphasize the importance of routine screening 
for MRSA among PLWHA in Nigeria and other HIV endemic countries. 
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Staphylococcus aureus ( S. aureus ) is one of the most prevalent op-
ortunistic bacteria in the healthcare setting and community and has
een a serious public health concern due to its swift tendency to ac-
uire antimicrobial resistance (AMR) and elaborate relevant virulent
oxins, enzymes and other macromolecules such as the pore-forming tox-
ns, superantigens, phagocytosis inhibitors, and biofilm-forming capac-
ty ( Oliveira et al., 2018 ). S. aureus , especially the methicillin-resistant
. aureus (MRSA) strain, has been responsible for various infectious dis-
ases that ranged from folliculitis to food poisoning ( Aung et al., 2017 ).
articularly, it could be responsible for certain life-threatening condi-
ions such as endocarditis, urethritis, necrotizing pneumonitis, and os-
eomyelitis ( Siddiqui and Koirala, 2021 ). These conditions are predom-
nantly prevalent among the immunocompromised hosts, such as those
iving with human immunodeficiency virus (HIV) and acquired immun-
deficiency syndrome (AIDS). 
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Among the HIV-infected patients, S. aureus colonization and subse-
uent infection are considered to be a major cause of significant mor-
idity and mortality ( Hsu et al., 2020 ). Previous studies suggest that the
revalence of nasal colonization with MRSA is higher in HIV-infected
ndividuals than in the general population ( Popovich et al., 2013 ). HIV
nfection has also been related to persistent colonization. The higher
olonization burden may be associated with a higher incidence of sub-
equent infections ( Olalekan et al., 2016 ). MRSA colonization in HIV-
nfected patients may vary widely in different geographical regions
 Sabbagh et al., 2019 ), the time point of the survey ( Delorenze et al.,
013 ), and the coverage of antiretroviral therapy in the population
 Cenizal et al., 2008 ). 

Because MRSA strains are often nosocomial pathogens, they are re-
erred to as healthcare-associated MRSA (HA-MRSA) ( Choo , 2017 ). Be-
ides HA-MRSA strains, MRSA strains that are transmitted in the com-
unity, referred to as community-associated MRSA (CA-MRSA) are also

ften reported ( Loeffler et al., 2013 ). CA-MRSA infections could also be
aused by livestock-associated MRSA (LA-MRSA) ( Quitoco et al., 2013 ).
ied Health Sciences, Collge of Medical Sciences, Ahmed Bello University, PMB 

 2022 
al Society for Infectious Diseases. This is an open access article under the CC 

https://doi.org/10.1016/j.ijregi.2022.05.009
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijregi
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijregi.2022.05.009&domain=pdf
mailto:eedris888@yahoo.com
https://doi.org/10.1016/j.ijregi.2022.05.009
http://creativecommons.org/licenses/by-nc-nd/4.0/


I.N. Abdullahi, R. Issaoui and Y. Usman IJID Regions 4 (2022) 17–24 

L  

f  

n  

s  

2  

t
 

r  

p  

t  

(  

c  

h  

A  

i  

d  

2
 

m  

2  

p  

(  

P  

f  

p
 

p  

t  

r  

s  

t  

p  

f  

t  

p  

c  

b  

2
 

s  

t  

w  

a  

A  

l  

u  

A  

S  

t  

a  

t  

d  

o  

d

M

S

 

p  

a  

g  

u  

v  

S  

s  

S  

P

A

 

c  

‘  

2  

P  

t  

M  

c

S

 

a  

T  

t  

s  

o  

p  

c  

r  

a  

p  

t  

f  

s  

a  

n  

s  

o  

(

D

 

i  

c  

t  

m  

p

S

 

c  

n  

W  

t

R

 

o  

T  

2  

(  

0  

n  

(  

n  

r  
A-MRSA is initially associated with livestock and genetically differs
rom HA-MRSA and CA-MRSA. The definition of CA- and HA- strains is
o longer a strict one, as either strain has been described to be respon-
ible for outbreaks in both hospital and community settings ( Bal et al.

016 ). However, it is relevant to delineate the pattern of predominant
ransmission. 

A high nasal carriage rate of MRSA in HIV infected persons may
equire early chemotherapeutic interventions. It was inferred that hos-
italized HIV-infected patients are about seventeen times more likely
o contract S. aureus infection in comparison to non-HIV patients
 Senthilkumar et al., 2001 ). Also, the increasing prevalence of staphylo-
occal infections caused by MRSA has been difficult to treat due to the
igh rate of AMR. The determination of S. aureus nasal carriage rate and
MR profiles along with their genetic lineages of nasal S. aureus isolates

n healthy populations is necessary to identify risk factors that could pre-
ispose people living with HIV/AIDS (PLWHA) to infection ( Chen et al.,
015 ). 

Although some instances, HIV-associated immunosuppression could
ask symptoms of S. aureus UTI to asymptomatic disease ( Ngowi et al.,
021 ); it is considered an important health problem that could com-
licate the course of HIV infection and AIDS in sub-Saharan Africa
 Tessema et al., 2020 ; Haile Hantalo et al., 2020 ). This is because
LWHA are at an increased risk of acquiring urinary tract S. aureus in-
ection (asymptomatic and asymptomatic) due to immune system sup-
ression ( Barnie et al., 2019 ). 

PLWHA who had S. aureus -associated bacteremia could have these
athogens translocated to urine in quite a high proportion. Therefore,
he detection of S. aureus in the urine (bacteriuria) does not necessarily
epresent a primary UTI, but could point towards an S. aureus blood-
tream infection ( Schuler et al. 2021 ). Hence, hematogenous transloca-
ion of S. aureus from blood to urine is possible ( Schuler et al . 2021 ). To
rovide a relatively faster microbiological test turnaround time (TAT)
or S. aureus bacteraemia ( Hassoun et al., 2017 ) in resource-limited set-
ings, positive bacteriuria could suggest bacteraemia, especially when
atients had a concurrent high fever ( Saran et al., 2018 ). Urinary tract
atheterization has been recognized as a major risk factor for S aureus

acteriuria in bacteremic patients ( Walker et al., 2017 ; Kramer et al.,
020 ). 

Among HIV infected individuals, asymptomatic UTI can progress to
ymptomatic UTI characterized by mild irritation during voiding to bac-
eremia, sepsis, and death ( Tessema et al., 2020 ). HIV infected persons
hose CD4 + cell T cell count is less than 500 cells/mm 

3 are commonly
ffected by UTIs including those caused by S. aureus ( Febta et al., 2016 ).
ccording to a study from Tanzania, a CD4 + cell count < 200 per micro-

iter was significantly associated with UTI among HIV positive individ-
als ( Chaula et al., 2017 ). Also, it is complicated by the emergence of
MR, making UTI chemotherapeutics very challenging. In this regard,
. aureus and HIV co-infection are becoming a major challenge and lead
o additional healthcare costs ( Frank-Peterside et al., 2013 ). Since S.

ureus could pose a significant risk of life-threatening infections when
ranslocated from various anatomic sites in PLWHA. This study aims to
etermine the pooled prevalence and antimicrobial resistance pattern
f S. aureus nasal colonization and UTI , genetic lineages and PVL pro-
ucing strains from PLWHA in Nigeria. 

ethodology 

tudy Design 

This is a systematic and synthesized review of the distribution
attern and prevalence of S. aureus , MRSA, their genetic lineages,
ntimicrobial resistance phenotypes and genotypes, and luk-F/S-PV

ene in the nasal cavity and UTI of PLWHA, that was conducted
sing the best available evidence in Nigeria. This systematic re-
iew was based on the guidelines of Preferred Reporting Items for
ystematic reviews and Meta-analyses (PRISMA) ( http://prisma-
18 
tatement.org/PRISMAstatement/checklist.aspx , accessed on 16
eptember 2021). This review was submitted for registration with
ROSPERO (No.: 301550) 

rticles Search 

A thorough review of suitable and eligible full-text articles was
onducted from ‘PubMed’, ‘Scopus’, ‘Hinari’, ‘Google Scholar’, and
Web of Science’ on peer-reviewed articles published between January
012 to January 2021 on S. aureus nasal carriages and UTI among
LWHA in Nigeria. Specifically, keywords were carefully selected from
he Medical Subjects Headings (MeSH) of the US National Library of
edicine ( https://www.ncbi.nlm.nih.gov/mesh/ , accessed on 24 De-

ember 2021). 

election of Studies 

Studies identified in the literature search were checked by title and
bstract. The papers with relevant abstracts were examined in detail.
he criteria for the inclusion and exclusion of the studies were es-
ablished by authors before the literature were reviewed. The inclu-
ion criteria for this systematic review included: (1) studies that were
riginal articles, short communications, correspondence, or letters that
rovided sufficient original data about the prevalence of ‘ Staphylococ-

us aureus nasal carriage’, Staphylococcus aureus UTI’, ‘MRSA nasal car-
iage’, ‘Methicillin-resistant Staphylococcus aureus ’; (2) studies in which
ll MRSA strains were adequately presented; and (3) studies that were
ublished in English. The exclusion criteria were: (1) studies that con-
ained duplicate data or were overlapping articles; (2) reviews and con-
erence abstracts; (3) articles that included fewer than 10 subjects; (4)
tudies performed on healthy humans or other non-HIV diseases such
s diabetics; (5) articles published before the year 2012; (6) longitudi-
al studies with no specific nasal staphylococci prevalence at the initial
ampling; (7) studies that were solely on staphylococci isolates with no
r full information of the number of persons colonized or infected; and
8) studies on other human samples. 

ata Extraction 

Authors independently ascertained the characteristics of each study,
ncluding the first author’s surname, year of publication, continent,
ountry, study years, detection method, staphylococci prevalence, an-
imicrobial resistance phenotypes and genotypes, virulence factors, and
olecular typing reports. When there was disagreement, the relevant
aper was reviewed, and the differences were resolved by consensus. 

tatistical Analysis 

The pooled prevalence of nasal carriage of S. aureus , MRSA and PVL
arrying- S. aureus was calculated. MetaXL Version 5.3 (EpiGear Inter-
ational, Queensland, Australia) was used for all statistical analyses.
here possible, an analysis of pooled prevalence was carried out using

he random-effects model. 

esults 

Out of the 79 examined studies, only 6 (n = 1181) and 6 (n = 1350)
n nasal and urine samples, respectively, were eligible ( Figure 1 and
able 1 ). The pooled nasal carriage of S. aureus and MRSA were
9.6% (range: 20.0-60.9%) and 13.4% (range: 6.1-40.0%), respectively
 Table 2 ). However, the pooled urinary S. aureus was 6.8% (range:
.0-42.5%) with significant heterogeneity ( Table 2 ). In relation to uri-
ary MRSA, only a single study reported a high prevalence of 40.0%
 Table 1 ). The pooled prevalence of lukS/F-PV carrying S. aureus among
asal samples was 13.0% ( Figure 2 ). High-level and diverse AMR were
eported in the MRSA and MSSA strains, including those belonging to

http://prisma-statement.org/PRISMAstatement/checklist.aspx
http://prisma-statement.org/PRISMAstatement/checklist.aspx
https://www.ncbi.nlm.nih.gov/mesh/
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Figure 1. Identification and selection flowchart of articles on Staphylococcus aureus nasal colonization and urinary tract infection among PLWHA 
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enetic lineages commonly found in animals. The S. aureus isolates
rom both sample types from 10 studies had the highest ( > 50%) re-
istance to penicillin (and derivative), sulfamethoxazole-trimethoprim,
rythromycin, and tetracycline. According to the European centre for
isease control, multidrug resistance phenotype is defined as acquired
MR to at least one agent in ≥ 3 classes of antimicrobial agents (ECDC,
014). Multi-drug resistance was not significantly higher among S. au-

eus isolates from urine than nasal samples (60% versus 40.0% of eligible
tudies) ( p = 0.5271) ( Table 3 ). Molecular typing from 3 studies showed
SSA and MRSA of the spa types t064 and t084 is the predominant

 Table 4 ). However, other genetic lineages such as those with spa types
774, t7806, t084, t355, and t127 were reported ( Table 4 ). 

iscussion 

Studies on the Staphylococcus aureus ( S. aureus ) and its methicillin-
esistant strain, Methicilin-Resistant S. aureus (MRSA) nasal carriage
mong PLWHA could provide a good understanding of their transmis-
ion to other parts of the body and their role in the persistence of AMR,
specially in invasive infection such as those found in the urinary tract.
o the best of our knowledge, this is the first comprehensive synthetic
nd systematic review on the S. aureus and MRSA nasal carriage and
TI in Nigeria, a country with about 1.9 million people living with HIV

prevalence rate of 1.4%) in adults aged 15 to 49 years in 2019 (UN-
IDS, 2019). 

With a pooled prevalence of 29.6% S. aureus nasal carriage in
LWHA, it can be inferred that this value is within the normal range
f 25 to 30% of healthy adults ( Sakr et al., 2018 ). However, it is
igher than the pooled reported prevalence in a systematic review
f healthy humans without occupational risk of colonisation (15.9%)
 Abdullahi et al., 2021a ). The difference in pooled prevalence from
19 
his study with other individual or meta-analytical studies could be at-
ributed to variation among the laboratory methodologies used, specific
haracteristics of the individuals tested (eg. age), pattern of antimicro-
ial use, status of antiretroviral therapy, and living conditions such as
arge family sizes and lower sanitary standards. 

Few eligible cross-sectional studies on MRSA nasal carriage in
LWHA have been published (n = 6) ( Table 1 ), S aureus is among the
ost common pathogens in hospital-acquired infections and also in pa-

ients with a suppressed immune system. From our study, the pooled
revalence of nasal MRSA carriage was 13.4%. Antimicrobial-resistant
. aureus colonization is considered a major threat to public health,
specially when they are MRSA strains. For instance, a higher mor-
ality rate (OR: 1.93, 95%CI: 1.54-2.42) was reported to be associ-
ted with MRSA strains than with methicillin-sensitive S. aureus strains
 Cosgrove and Sakoulas, 2003 ). The results of our analysis were higher
han the 7% global MRSA nasal colonization in PLWHA ( Sabbagh et al.,
019 ), and also significantly higher than in healthy persons (0.2%-
.5%) ( Brasel and Weigelt, 2016 ). It is important to remark that pre-
ious systematic reviews on PLWHA by Ferreira et al (2014) and
abbagh et al (2019) were on risk factors determinants and burden, re-
pectively, of MRSA colonization and infection. Also, both dwelled on all
ypes of samples (such as skin, faecal, aspirates, pus, etc.) and no clear
istinction was made between colonization and infection. Conversely,
he pooled S. aureus UTI among PLWHA was 6.8%. This is contrary to
he findings of most studies that showed a much higher individual preva-
ence of S. aureus UTI among PLWHA ( Table 1 ). A possible explanation
or this variation could be due to the zero S. aureus UTI recorded by a
arge sample-sized and relatively recent study by Ya’aba et al (2019) .
erhaps the absence of S. aureus UTI in the subjects could be caused by
he influence of antiretroviral therapy (ART), as most newly diagnosed
IV patients were immediately placed on ART as of 2019 through the
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Table 1 

Study characteristics, antimicrobial resistance, and virulence genes of Staphylococcal aureus nasal carriage and UTI among PLWHA in Nigeria (n = 12) 

Reference City/ State 
Type of 
sample 

Number 
of Persons 
tested 

No. of S. 

aureus 

positive (%) 

Total 
number of 
MRSA phe- 
notypically 
positive (%) 

Laboratory 
detection 
methods 

Antimicrobial 
resistance 
phenotypes (aside 
from MRSA) AMR genes 

Virulence gene 
detected 

Olowe et al (2015) Osun/ SW Urine 242 13 (25.5) NT C AMX (100.0), COT 
(69.2), ERY (46.2), 
CXM (92.3) 

NT NT 

Olalekan et al (2012) Lagos/ SW Nasal 374 125 (33.0) 60 (16.0) C/P/M CHL (47), SXT (90.0) mecA (60, 
10.7) 

lukS/F-PV (in all 
S. aureus: 50, 
10.7) 

Olalekan et al (2016) Osogbo/ SW Nasal 187 51 (27.3) 20 (10.7) C/P/M COT (92.0), CHL 
(53.0), CIP (25.0), 
ERY (65.0), TET 
(71.0), and PEN 
(100.0). 

mecA (20, 
10.7) 

lukS/F-PV (in all 
S. aureus : 21, 
11.2) 

O’Malley et al (2015) Lagos/ SW Nasal 23 14 (60.9) 5 (21.7) C/P/M TET (82.0), LEV 
(14.3), 
SXT (76.0) 

mecA (4, 
28.6) 

lukS/F-PV (In all 
S. aureus : 5, 
21.7) 

Frank- 
Peterside et al (2013) 

Port 
Harcourt/ SS 

Urine 46 7 (15.2) NT C PEN (100.0), ERY 
(100.0), SXT 
(100.0), TET 
(100.0), AMP 
(100.0) 

NT NT 

Ifeanyichukw et al 
(2013) 

Abakaliki/SE Urine 80 34 (42.5) 32 (40.0) C AMP (38.9), GEN 
(47.2), CIP (55.6) 

NT NT 

Zakka et al (2018) Jos/ NC Urine 220 30 (13.6) NT C AMX (100.0), STR 
(96.7), CHL (96.7), 
ERY (93.3), GEN 
(93.3) 

NT NT 

Okechukwu and 
Thairu (2019) 

Abuja/ NC Urine 166 8 (14.8) NT C TET (100.0), 
GEN (62.5), ERY 
(12.4) 

Ya’aba et al (2019) Abuja/ NC Urine 596 0 (0.0) NT C NT NT NT 
Abiye et al (2018) Port 

Harcourt/ SS 
Nasal 217 82 (37.8) 35 (16.1) C OXA (24.9), FOX 

(16.1) 
NT NT 

Babatunde et al (2019) 
Lagos / SW Nasal 180 36 (20.0) 12 (6.7) C/P SXT (91.0), CIP 

(77.0), GEN (64.0), 
ERY (44.0) 

mecA (12, 
6.7) 

lukS/F-PV (in 
MRSA: 5 41.7%) 

Okwori et al (2014) Maiduguri/ 
NE 

Nasal 200 42 (21.0) NT C NT NT NT 

Key 
Detection method: C//P/M: Culture / PCR / Molecular typing 
NT: Not tested 
PEN: Penicillin; AMX: Amoxicillin; ERY: Erythromycin; CHL: Chloramphenicol; CLI: Clindamycin; STR: Streptomycin; TET: Tetracycline; OXA: Oxacillin; FOX: 
Cefoxitin; LEV: levofloxacin; CIP: Ciprofloxacin; GEN; Gentamycin; SXT: Trimethoprim/sulfamethoxazole; AMP: Ampicillin; AZM; COT: co-trimoxazole 
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HO test and treat initiative (90-90-90). However, it is important to
emark that nasal colonization with S. aureus has been reported to be a
isk factor for subsequent clinical infection in HIV/AIDS patients. 

In the studies included in our review, both MRSA and MSSA dis-
layed resistance to beta-lactam and some non–beta-lactam antimicro-
ials, such as fluoroquinolones, aminoglycosides, tetracyclines, sulfon-
mides, macrolides, and/or lincosamides ( Table 3 ). Regarding methi-
illin resistance, out of the 12 studies on S. aureus nasal carriage and
TI on PLWHA, only 4 detected the mecA gene. Also, some of these

tudies reported non-congruence results between phenotypic (cefoxitin
nd/or oxacillin) and the mecA positivity rate ( Table 1 ). Although me-
hicillin resistance in some S. aureus isolates may be mediated by the
ovel methicillin resistance gene, the mecC gene, rather than the ini-
ially reported mecA gene. The mecC -mediated methicillin resistance is
merging and has been widely reported in wild animals ( Abdullahi et al.,
021b ). 

Nevertheless, it is important to also mention that a previous study
hat compared the results of oxacillin, cefoxitin disk diffusion and
xacillin screen agar test with mecA gene PCR showed dissimilar pos-
tivity rates. From the study, oxacillin and cefoxitin disk diffusion tests
howed similar sensitivity results, but specificity was higher in the ce-
oxitin disk diffusion test (96.9% vs. 97.5%) ( Demir et al., 2016 ). More-
20 
ver, other studies have indicated that oxacillin often failed to detect
ow-level heterogeneous MRSA populations and also should not be used
n methicillin resistance detection due to lower specificity test results
f 56–62% ( Matthews et al., 2010 ; Broekema et al., 2009 ; Louie et al.,
000 ). 

Furthermore, discrepancies could be explained by a technical prob-
em in PCR such as false colony selection for DNA extraction because
f the mixture of MRSA and methicillin-sensitive S. aureus isolates in-
tead of a single colony in the first culture plate, loss or mutation in the
ene. A technical problem could not be the reason due to using positive
nd negative control in each run, repeated DNA extraction and retest-
ng. In some instances, the mecA gene can be detected, while phenotyp-
cally as methicillin-susceptible, representing heteroresistance (Adaleti
t al., 2009). This strain also showed growth on the oxacillin screen
est, probably due to hyperproduction of 𝛽-lactamase or altered ability
o bind penicillin-binding proteins (Adaleti et al., 2009). It is reported
hat these strains have the potential to become highly resistant if ex-
osed to antistaphylococcal penicillins (Adaleti et al., 2009). 

A high-level prevalence of AMR was observed in certain classes of
ntibiotics tested in the eligible studies included in this systematic re-
iew. Aside from the cefoxitin/oxacillin resistance detected in MSSA and
RSA, penicillin, sulfamethoxazole-trimethoprim, erythromycin, tetra-
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Figure 2. Pooled prevalence of luk S/F-PV positive S. aureus isolates from 

PLWHA in Nigeria 
NB: 
All the three eligible studies were on nasal samples ( O’Malley et al., 2015 ; 
Olalekan et al., 2012 ; Olalekan et al., 2016 ). 
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21 
ycline and chloramphenicol resistance were the most predominant in
. aureus nasal colonization and UTI studies in PLWHA. 

Out of the 12 eligible studies, MDR of at least 70% of all S. au-

eus isolates was reported in 5 studies (3 and 2 in nasal colonization
nd UTI studies, respectively). This is within the range of 30–84.6% re-
orted in other HIV-infected cohorts ( Egyir et al., 2016 ), but higher than
hat has been recorded by studies on the general population (6–35.7%)
 Egyir et al., 2013 ; Dekkar et al., 2016 ; Egyir et al., 2014 ). The preva-
ence of MDR observed in our systematic review is alarming. In Nige-
ia and many other developing countries, antibiotics may be acquired
ithout any prescriptions ( Donkor et al., 2019 ). Also, self-medication
ith antibiotics is common practice, with the prevalence reportedly
igh. Furthermore, antibiotic misuse is high in livestock and hospital
ettings in Nigeria ( Alhaji, et al., 2018 ; Abubakar, 2020 ). These factors
ontribute to the high prevalence of MDR observed in the current sys-
ematic review. The high prevalence and rates of self-medication among
he general public in Nigeria could explain the higher prevalence of cot-
imoxazole resistance among S. aureus isolates of nasal and UTI origin
mong the HIV-infected persons, as this antibiotic is used in prophy-
axis in PLWHA. The significantly higher prevalence of erythromycin
nd tetracycline resistance among some of the studies on PLWHA sug-
ests a livestock-associated S. aureus strain ( Fan et al., 2016 ). 

In relation to the PVL-carrying S. aureus in PLWHA,
lalekan et al (2012) , Olalekan et al (2014) , and
’Malley et al (2015) reported prevalences of 10.7%, 11.2%, 21.5%,

espectively of PVL-positive- S. aureus strains (in both MSSA and MRSA),
hile Babatunde et al (2019) reported MRSA-PVL carrying strains.
owever, the pooled prevalence of PVL-positive S. aureus was 13.0%
 Figure 2 ). Previous studies from Sub-Saharan Africa suggest that the
egion is MSSA-PVL strains (Eibach, et al., 2019; Egyir et al., 2014 ). The
VL is a pore-forming toxin that is often associated with abscesses and
epresents an interface of S. aureus and host complexity ( Seilie et al.,
017 ). Worthy to mention is that one of the three studies reported
he genetic lineage of MRSA-PVL positive isolates as ST152 ( spa type
355). This is a lineage that has been widely distributed in Nigeria and
ther African countries, and it has frequently been associated with
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Table 3 

Antimicrobial resistance phenotypes and percentages of S. aureus nasal and UTI isolates from PLWHA in Nigeria 

Reference Sample AMR Phenotypes (% of isolates) 

MDR (AMR to ≥ 3 
classes) to 50% 

isolates 

No. of studies with 
MDR in Urine 
samples 

No. of studies with 
MDR in Nasal 
samples Chi squared 

Olowe et al (2015) Urine AMX (100.0), COT (69.2), ERY (46.2), 
CXM (92.3) 

Yes Yes 

Olalekan et al (2012) Nasal CHL (47), SXT (90.0) No 
Olalekan et al (2016) Nasal COT (92.0), CHL (53.0), CIP (25.0), ERY 

(65.0), TET (71.0), PEN (100.0). 
Yes Yes 

O’Malley et al (2015) Nasal TET (82.0), LEV (14.3), SXT (76.0) No 
Frank- 
Peterside et al (2013) 

Urine PEN (100.0), ERY (100.0), SXT (100.0), 
TET (100.0), AMP (100.0) 

Yes Yes 

Ifeanyichukw et al 
(2013) 

Urine AMP (38.9), GEN (47.2), CIP (55.6) No 

Zakka et al (2018) Urine AMX (100.0), STR (96.7), CHL (96.7), 
ERY (93.3), GEN (93.3) 

Yes Yes 

Okechukwu and 
Thairu (2019) 

Urine TET (100.0), GEN (62.5), ERY (12.4) No 

Abiye et al (2018) Nasal OXA (24.9), FOX (16.1) No 
Babatunde et al (2019) Nasal SXT (91.0), CIP (77.0), GEN (64.0), ERY 

(44.0) 
Yes Yes 

Total 10 NA 5 (MDR) 3 2 0.4 ( p = 0.5271) 

Table 4 

Molecular typing reports of S. aureus isolated from the nasal cavities of people living with HIV/AIDS in Nigeria 

Citation 
No. of Subjects/ S. aureus 

(%)/ MRSA (%) spa of MSSA ST of MSSA (%) s pa of MRSA ST of MRSA spa of PVL-positive 

Olalekan et al (2012) 374/ 125 (33.0)/ 60 
(16.0) 

t774, t7806, t084, t355, 
t127 

ST15 t064, t951, t008, 
t7816, t197, t7802 

ST8, ST25 t064 

Olalekan et al (2016) 187/ 51 (27.3)/ 20 
(10.7) 

t304, t967, t1476, t2658, 
t6863, t7808, t2304, 
t2554, t4976 

NT t064, t3772, t311, 
t084 

ST5, ST8, ST15 NT 

O’Malley et al (2015) 23/14 (60.9)/ 5 (21.7) t064, t355, t091, t5066 NT t064, t657 NT t355 

Key: 
spa = staphylococcal protein A 

ST = Sequence Type 
NT = Not tested 

s  

M
 

a  

t  

S  

r  

t  

t  

a
 

a  

g  

c  

u  

i  

a  

n  

a  

t  

O  

s  

N  

2
 

r  

t  

2  

s  

2  

s  

p

C

 

p  

p  

o  

l  

T  

a  

i  

S  

a  

s

D

A

 

a  

d  

t  

Y  
kin and soft tissue infection ( Shittu et al., 2011 ; Ruimy et al., 2008 ;
onecke et al., 2007 ). 

Although there were highly diverse genetic lineages of MSSA in nasal
nd UTI S. aureus strains, the predominant Sequence Types (STs) and spa

ypes detected among the MRSA-positive isolates were ST5, ST8, ST15,
T25 and spa type t064 and t084. Moreover, the diverse genetic lineages
eported among the MSSA isolates included t774, t7806, t084, t355,
127, t304, t967, t1476, t2658, t6863, t7808, t2304, t2554, t4976, t355,
091, t5066. Most of them are associated with CA- S. aureus colonization
nd infection. 

For instance, Olalekan et al (2014) indicated the detection of pig-
ssociated LA-MRSA-ST5 of the spa type t311 among PLWHA. This sug-
ests that humans in contact with livestock have the potential to become
olonized with LA-MRSA ST5 isolates. LA-MRSA ST5 isolates are partic-
larly concerning to the public health community because, unlike the
solates in the ST398 and ST9 lineages, isolates in the ST5 lineage are
 significant cause of human disease in both the hospital and commu-
ity settings globally ( Hua et al., 2018 ). Conversely, the CA-MRSA- ST8
lso known as the US300 pandemic clone and often hypervirulent was
he most frequently detected lineage in PLWHA (Olalekan et al., 2014;
’Malley et al., 2015 ). It has been documented that the MRSA-ST8-t064

train is the most common and causes severe infections in PLWHA in
igeria ( Olalekan et al., 2012 ; Olalekan et al., 2014; O’Malley et al.,
015 ). 

In relation to the MSSA strains, ST15-t084 was the predominantly
eported genetic lineage. This clone has previously been detected in
he nasal cavity of a cow, pigs and pig farmers in Senegal ( Fall et al.,
012 ; Mama et al., 2019 ). This strain was previously considered human-
pecific (ST15) in a previous study in the past 10 years ( Cuny et al.,
 m

22 
010 ). However, the absence of immune evasion cluster biomarker, the
cn gene as recently reported by Mama et al (2019) suggests its zoonotic
otential, especially among livestock farmers. 

onclusion 

Moderate and high pooled prevalences of MRSA and luk-F/S-PV -
ositive S. aureus were obtained from PLWHA, respectively. The re-
orted t084 and t064 are quintessential spa types in Africa and are
ften associated with community-acquired (CA)-MRSA. The report of
uk-F/S-PV-Positive MRSA is of great concern in clinical chemotherapy.
hese findings emphasize the importance of routine screening for MRSA
mong PLWHA in Nigeria and other HIV endemic countries. It is very
mportant to implement long-term surveillance of the genetic lineages of
. aureus isolates as this will provide comprehensive data on the ecology
nd molecular epidemiology of Staphylococcus aureus /MRSA to under-
tand their relevance in the care and management of HIV/AIDS. 
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