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Abstract:

Background: Urinary tract infection (UTI) largely affects women and is mostly caused by bacteria, among which
coagulase negative staphylococci has received little attention. The objectives of this study are to isolate and
genotypically identify coagulase negative staphylococci (CoNS) from urine samples of adult females attending
selected healthcare facilities from three States (Oyo, Osun and Ogun) in southwest Nigeria, and to determine
their susceptibility to selected antibiotics.

Methodology: A case-control study of 471 adult female participants with urinary symptoms in 205 (case) and
no urinary symptoms in 266 (control), was conducted over a period of 10 months. Mid-stream voided urine
samples were collected from the participants. The samples were cultured on mannitol salt and blood agar plates,
and bacteria growths were presumptively identified for CoNS and other bacterial isolates using routine biochemical
tests. The CoNS isolates were confirmed by conventional PCR amplification with Staphylococcus saprophyticus
specific primers and 16S rRNA sequencing with phylogenetic analysis using MegaX software 18 version 10.0.5.
Antibiotic susceptibility testing was performed on genotypically identified CoNS isolates using VITEK 2 system.
Chi square and Fisher Exact tests were used to compare the prevalence of bacterial UTIs across the States and
between symptomatic and asymptomatic participants at a=0.05.

Results: Of the urine samples of 471 participants examined, 178 (37.8%) had bacterial UTIs on cultures, 66 of
117 (56.4%) were from Oyo State, 98 of 241 (40.7%) from Osun State, and 14 of 113 (14.1%) from Ogun State
(x2=49.113, p<0.0001). A total of 34 (7.2%) CoNS isolates were phenotypically identified, with 29 (14.1%) from
205 symptomatic and 5 (1.9%) from 266 asymptomatic participants (OR=8.601, 95% CI=3.266-22.653,
p<0.0001). Staphylococcus saprophyticus PCR amplified 19 of the 34 CoNS isolates while 16S rRNA sequencing
identified 5 CoNS species among the 19 isolates, with S. saprophyticus (n=10, 52.6%) S. lentus (n=5, 2.8%),
S. xylosus (n=2, 1.1%), S. sciuri (n=1, 0.6%), and S. rodentium (n=1, 0.6%). All the CoNS isolates were
resistant to daptomycin, sulfamethoxazole-trimethoprim and oxacillin indicating they were multi-drug resistant
(MDR) but were all sensitive to nitrofurantoin.

Conclusion: The high resistance rates to commonly used antibiotics such as the B-lactams, sulfamethoxazole-
trimethoprim and daptomycin from our study underscore the need for routine genotypic surveillance and antibiotic
stewardship in the management of UTIs. Our findings emphasize the clinical relevance of CoNS in UTIs and the
necessity for targeted diagnostics and treatment strategies.
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Résumeé:

Contexte: Les infections urinaires (IU) touchent majoritairement les femmes et sont principalement d’origine
bactérienne, parmi lesquelles les staphylocoques a coagulase négative ont recu peu d’attention. Les objectifs de
cette étude sont d'isoler et d‘identifier génotypiquement les staphylocoques a coagulase négative (SCN) a partir
d’échantillons d’urine de femmes adultes fréquentant des établissements de santé sélectionnés dans trois Etats
(Oyo, Osun et Ogun) du sud-ouest du Nigéria, et de déterminer leur sensibilité a certains antibiotiques.
Méthodologie: Une étude cas-témoins a été menée sur une période de 10 mois aupres de 471 femmes adultes,
dont 205 présentaient des symptomes urinaires (cas) et 266 n’en présentaient aucun (témoin). Des échantillons
d’urine mictionnelle ont été prélevés chez les participantes. Les échantillons ont été cultivés sur des plaques de
gélose au sel de mannitol et au sang, et les croissances bactériennes ont été identifiées de maniere présomptive
pour le CoNS et d'autres isolats bactériens a I'aide de tests biochimiques de routine. Les isolats de CoNS ont été
confirmés par amplification PCR conventionnelle avec des amorces spécifiques de Staphylococcus saprophyticus
et séquencage de I'ARNr 16S avec analyse phylogénétique a I'aide du logiciel MegaX 18 version 10.0.5. Des tests
de sensibilité aux antibiotiques ont été réalisés sur les isolats de CoNS identifiés génotypiquement a Il'aide du
systéme VITEK 2. Les tests du chi carré et de Fisher Exact ont été utilisés pour comparer la prévalence des
infections urinaires bactériennes a travers les Etats et entre les participants symptomatiques et asymptomatiques
a a=0,05.

Résultats: Sur les échantillons d'urine de 471 participants examinés, 178 (37,8%) présentaient des infections
urinaires bactériennes sur les cultures, 66 sur 117 (56,4%) provenaient de I'Etat d'Oyo, 98 sur 241 (40,7%) de
I'Etat d'Osun et 14 sur 113 (14,1%) de I'Etat d'Ogun (x?=49,113, p<0,0001). Au total, 34 (7,2%) isolats de CoNS
ont été identifiés phénotypiquement, avec 29 (14,1%) provenant de 205 participants symptomatiques et 5
(1,9%) de 266 participants asymptomatiques (OR=8,601, IC a 95%=3,266-22,653, p<0,0001). Francais La PCR
de Staphylococcus saprophyticus a amplifié 19 des 34 isolats de CoNS tandis que le séquencage de I'ARNr 16S a
identifié 5 especes de CoNS parmi les 19 isolats, avec S. saprophyticus (n=10, 52,6%), S. lentus (n=5, 2,8%),
S. xylosus (n=2, 1,1%), S. sciuri (n=1, 0,6%) et S. rodentium (n=1, 0,6%). Tous les isolats de CoNS étaient
résistants a la daptomycine, au sulfaméthoxazole-triméthoprime et a l'oxacilline, indiquant qu'ils étaient
multirésistants aux médicaments (MDR), mais étaient tous sensibles a la nitrofurantoine.

Conclusion: Les taux élevés de résistance aux antibiotiques couramment utilisés, tels que les béta-lactamines,
le sulfaméthoxazole-triméthoprime et la daptomycine, observés dans notre étude, soulignent la nécessité d'une
surveillance génotypique systématique et d'une gestion responsable des antibiotiques dans la prise en charge
des infections urinaires. Nos résultats soulignent la pertinence clinique de la neurosynthése des antibiotiques
dans les infections urinaires et la nécessité de diagnostics et de stratégies thérapeutiques ciblés.

Mots-clés: Staphylococcus saprophyticus, infection urinaire, multirésistance aux médicaments

Introduction: coccus (CoNS) and therefore has the potential
to exist among contaminating bacteria, which
Urinary tract infection (UTI) is the most often leads to lower UTI in young women as a
common type of bacterial infections usually community-acquired UTI (6). Colonization of
reported in the healthcare facilities (1). It is an the gut and genital areas has been linked to
infection of the urinary system which consists this kind of UTI (7).
of the bladder, ureter, kidney and urethra with Antimicrobial resistance (AMR) is an in-
significant symptoms which include increase evitable outcome of evolutionary adaptation of
rate of urination, enhanced desire to empty microbes which has emerged as epidemic
the bladder and painful urination, thereby crisis in clinical medicine worldwide (8,9).
adding to the hospital bills of the affected Bacterial resistance to antimicrobial drugs is
individual, most especially if it involves multi- one of the most serious menaces to global
drug-resistant (MDR) isolates (1,2). Urinary public health (10,11). Human and improper
tract infection is confirmed by the presence of uses of antimicrobial drugs have driven the
105 microorganisms or of a single strain of intense rapid and prevalent outburst of resis-
bacterium per milliliter in two consecutive mid- tance in both pathogenic and commensal org-
stream samples of urine (3). anisms (12). The challenge of AMR knows no
Among the bacteria that colonize urin- limitation, drug-resistant microbes of all kinds
ary system, Staphylococcus saprophyticus is can move among humans and animals, and
the second most common bacterium in UTIs, from countries to countries (13).
mostly common in females due to menarche, The looming threat of incurable staph-
menopause and sexual intercourse (4,5). Sta- ylococcal infections most especially coagulase
phylococcus saprophyticus is a commensal negative staphylococci is at the latest cork-
Gram-positive, coagulase negative staphylo- screw in an international public health night-
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mare, increasing bacterial resistance to many
antibiotics that once cured (14). When Staph-
ylococcus species are present and multiply in
generally sterile sites such as the urinary tract,
they cause harm to the host. However, Sta-
phylococcus species are usually harmless on
the skin, gastrointestinal tract, and periureth-
ral area.

The dominance of S. saprophyticus in-
fections had been in reality since the inception
of mankind because the organism has the
ability to adhere to urothelial cells and produce
urease. Colonization is a very common pheno-
menon even in an environment thought to be
nearly sterile (15). Staphylococcus saprophy-
ticus has been accorded little attention as an
important causative agent of UTIs. This study
was therefore carried out to determine the
prevalence of S. saprophyticus in UTI and anti-
biotic susceptibility of the isolates to selected
antibiotics.

Materials and method:

Study setting and design:

This was a laboratory-based case-con-
trol study carried out in selected healthcare
facilities from three States (Oyo, Ogun and
Osun) in southwest region of Nigeria. The faci-
lities from Oyo State were University Health
Service (UHS) and Oyo State Hospital Mana-
gement Board (OYSHMB); from Ogun State,
Sacred Heart Hospital (SHH) and Federal Med-
ical Centre (FMC) Abeokuta, and from Osun
State, Osun State University Teaching Hospital
and Osun State Hospital Management Board
(OSHMB) Osogbo.

Study participants, sample size and method of
sampling:

The sample size of 471 participants
(205 with urinary symptoms as case and 266
without urinary symptoms as control) was
determined using the appropriate sample size
formula. Participants were individuals attend-
ing the outpatient departments of each selec-
ted hospital in the States and were randomly
selected over a period of 12 months, with 117
from Oyo, 113 from Ogun and 241 from Osun
State. Participants who have received antibio-
tics in the 30 days preceding recruitment and
those who declined to give consent were exc-
luded.

Ethical approval and informed consent:

Ethical approval was obtained from
the Ethical Committees of the three selected
hospitals in Oyo, Osun and Ogun States appro-
val numbers AD16/479/634, OSHREC/PRS/56
9T/173 and HPRS/381/341 respectively. Infor-
med consent was obtained from each partici-
pant, and the rights of each participant to
remain anonymous and decline study partici-
pation were upheld.
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Urine sample collection:

Clean catch specimen of voided mid-
stream urine was collected from each partici-
pant into a sterile urine sample bottle and
transported to the Pharmaceutical Microbiolo-
gy laboratory, University of Ibadan, within one
hour of collection for microbiological analysis.

Urine culture, isolation and identification of
coagulase negative staphylococci:

The urine sample of each participant
was carefully mixed and about 1pL inoculated
by streaking onto mannitol salt and blood agar
plates using a sterile wire loop and incubated
aerobically at 37°C overnight. The culture pla-
tes were observed for growth of staphylococ-
cal-like colonies and identified by Gram stain-
ing and biochemical tests including catalase,
coagulase, and novobiocin disc tests (17). Uri-
nary tract infection caused by CoNS was con-
firmed when there was > 105 colony-forming
units of a single CoNS per milliliter (CFU/mI)
of urine.

Antibiotic susceptibility testing of CoNS isola-
tes using VITEK 2 system:

Inoculum of the overnight culture of
each CoNS isolate was prepared in 0.85% sali-
ne and the turbidity adjusted to 0.5 McFarland
turbidity standard using VITEK 2 densitome-
ter. The inoculum was then transferred to a
second tube containing 3.0 ml of saline. The
bacterial suspension tubes containing suscep-
tibility card cassette were loaded into the Vitek
2 compact processor, having loaded the cas-
sette information into the workstation compu-
ter.

The AST cards containing benzyl-peni-
cillin, clindamycin, erythromycin, ciprofloxa-
cin, gentamicin, levofloxacin, daptomycin,
nitrofurantoin, oxacillin, rifampin, teicoplanin,
tetracycline, tigecycline, trimethoprim-sulfa-
methoxazole, linezolid and vancomycin, was
automatically loaded, sealed, and introduced
into VITEK 2 reader-incubator module (incuba-
tion temperature, 35°C), where it was subject-
ed to kinetic absorbance spectra every 15 min
using a vacuum device.

The results were analyzed using the
AST-GPC database, and the final results were
calculated automatically. All of the used cards
were instantly discarded. The MIC for each
antimicrobial agent was determined and used
to classify each CoNS isolate as susceptible,
intermediate or resistant in line with Clinical
Laboratory and Standards Institute (CLSI)
guidelines (18).

Extraction of DNA:

Bacterial DNA was extracted using
Quick DNA™ Bacterial Miniprep Kit. About 50-
100pg of bacterial cells was re-suspended in
200 pl of isotonic buffer (PBS) in a Zymo
Research (ZR) Bashing-bead™. The bacterial
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DNA was extracted with Zymo Research (ZR)
Bashing-bead™ following manufacturer’s ins-
truction.

Polymerase chain reaction (PCR) amplification
of S. saprophyticus specific gene:

Molecular identification of S. sapro-
phyticus isolate was carried out following the
method described by Morot-Bizot et al., (19),
using S. saprophyticus primers; F-5'-TCAAAA
AGTTTTCTAAAAAATTTAC-3’ (annealing posi-
tion 169 to 193) and R-5'-ACGGGCGTCCAC
AAAATCAATAGG A-3’ (annealing position 355
to 379) with the amplicon size of 221bp along-
side the positive control. The following PCR
conditions were used; 5 min at 95°C, 40 cycles
of 30 sec at 95°C, 60 sec at 55°C, 30 sec at
72°C and a final extension of 3 min at 72°C.

Agarose gel electrophoresis of PCR amplicons:

Electrophoresis of amplicon DNA was
carried out in 1.5% agarose in 1XTBE buffer on
horizontal gel apparatus. Ten microliters of
amplicon DNA and 2 pL of loading buffer were
mixed well and loaded into the gel containing
10 pL ethidium bromide (1 pg/mL in water)
and placed in Tris-borate buffer according to
the method of (20). The electrophoresis was
conducted for 60-90 min at constant voltage
75v. The gel was examined on transilluminator
at wavelength 312 nm. Photography was car-
ried out using a Polaroid Camera SP 34. The
positive control was S. saprophyticus subsp.
bovis DSM 18669 and nuclease free water was
used as the negative control.

16S rRNA sequencing and phylogenetic analy-
sis of S. saprophyticus isolates:

About 50 ng DNA templates of 20 sel-
ected CoNS isolates amplified with S. sapro-
phyticus primers were further amplified with
the V5 region of 16S rRNA which spanned the
site of the primer (27F 5'-AGAGTTTGATCCT
GGCTCAG-3'; 1492R 5'-GGTTACCTTGTTACGA
CTT-3"'). The following conditions were used
for PCR: 95°C for 10 minutes, then 30 cycles
of 95°C for 30 sec, 60°C for 30 sec, and 72°C
for 45 sec, followed by a 10 min extension at
72°C. The PCR products were purified using
the Big-Dye Terminator Purification x kit (App-
lied Biosystems) and sequenced using 1 pL of
forward and reverse 16s rRNA primer set
(Thermo Fisher Scientific, Waltham, MA) in a
3130 Genetic Analyzer (Applied Bio-systems).
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To identify Staphylococcus species,
the partial sequences of 16S rRNA were comp-
ared to sequences in the GenBank database
(http://www.ncbi.nlm.nih.gov/Genbank/index.ht
ml). Sequences were aligned using Mega X
software (version 10.0.5), which was also
utilized to establish phylogenetic relationships
between several Staphylococcus species and
build phylogenetic trees (21).

Statistical analysis of data:

The prevalence of UTI due to CoNS
and other bacterial isolates was determined
among the case and control participants and
compared across the facilities in the three
States using Chi square and Fisher Exact tests.
Statistical significance was determined at p-
value < 0.05.

Results:

Distribution of the participants by States and
healthcare facilities:

Of 471 recruited participants, 205
(43.5%) had urinary symptoms (case) while
266 (56.5%) were asymptomatic (control);
117 (24.8%) were from Oyo, 113 (24.0%)
from Ogun and 241 (56.2%) were from Osun
State. The distribution of participants by
facilities from each State is shown in Table 1.
With regard to age group distribution, Fig 1
shows the age group 19-30 years as the most
represented (n=192, 40.8%) followed by age
group 31-40 years (n=125, 26.5%).

Prevalence of bacterial urinary tract infections
in the study participants:

Table 2 shows the prevalence of UTIs
according to the States. Of the 471 partici-
pants, 178 had bacterial UTI by cultures, giv-
ing a prevalence of 37.8% in the study. Sixty-
six of 117 (56.4%) from Oyo State, 98 of 241
(40.7%) from Osun State, and 14 of 113
(14.1%) from Ogun State had bacterial UTI
(x2=49.113, p<0.0001). Compared to the
overall prevalence of 37.8%, the prevalence of
UTI in Oyo (56.4%) is significantly higher (OR
=2.796, p<0.0001) and that of Ogun (12.4%)
is significantly lower (OR=0.1673, p<0.0001),
but the prevalence of UTI in Osun is not sig-
nificantly different (OR=1.286, p=0.2166) from
the overall prevalence in the study. Partici-
pants in age group 19-30 years had the high-
est prevalence of UTIs (26.0%, n=50).
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Table 1: Frequency distribution of urinary symptomatic and asymptomatic study participants across the healthcare facilities in
the three States, southwest Nigeria

State Facilities Participants
Symptomatic Asymptomatic Total (%)

Oyo OYHMB 9 41 50 117 (24.8)
UHS 67 0 67

Ogun FMC 27 38 55 113 (24.0)
SHH 28 20 48

Osun OSHMB 26 105 131 241 (56.2)

OSUTH 48 62 110
Total (%) 205 (43.5) 266 (56.5) 471 (100.0)

OYHMB = Oyo State Hospital Management Board; UHS = University Health Service; FMC = Federal Medical Center; SHH = Sacred Heart Hospital; OSHMB = Osun State Health

Management Board; OSUTH = Osun State University Teaching Hospital

I oo

41-50
31-40

19-30

=18

_ 4.50%

I 1o 30%
I 26.50%
I <0.50%

Fig 1: Age distribution of the study participants

Table 2: Prevalence of bacterial urinary tract infection among study participants across the three States, southwest Nigeria

State Participants

UTI (%) No UTI (%)
Oyo (n=117) 66 (56.4) 51 (43.6)
Ogun (n=113) 14 (12.4) 99 (87.6)
Osun (n= 241) 98 (40.7) 143 (59.3)
Total (n=471) 178 (37.8) 293 (62.2)

OR (95% CI) p value x? p value
2.796 (1.821-4.293) <0.0001* 49.113 <0.0001*
0.1673 (0.0921-0.304) <0.0001*
1.286 (0.8842-1.867) 0.2166

UTI = urinary tract infection; x?> = Chi square; OR= Odd ratio; CI= Confidence interval * = statistically significant
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Table 3: Prevalence of urinary tract infections caused by genotypically identified coagulase negative staphylococci across the
three States in southwest Nigeria

CoNS States Total (n=471) x? p value
Oyo (n=117) Ogun (n=113) Osun (n= 241)

S. saprophyticus 7 (5.9) 3(2.7) 0 10 (2.1)

S. lentus 3(2.6) 1 (0.9) 1 (0.4) 5(1.1)

S. xylosus 0 2 (1.8) 0 2 (0.4)

S. sciuri 0 1(0.9) 0 1(0.2)

S. rodentium 1 (0.9) 0 0 1 (0.2)

Total 11 (9.4) 7 (6.2) 1 (0.4) 19 (4.0) 18.224 <0.0001%*

Prevalence of coagulase negative staphylococ-
ci UTI in the study:

Coagulase negative staphylococci were
phenotypically identified in urine samples of
34 (7.2%) of the 471 participants, 29 (14.1%)
of which were from 205 symptomatic (case)
and 5 (1.9%) from 266 asymptomatic (cont-
rol) participants (OR=8.601, 95% CI=3.266-
22.653, p<0.0001). In term of frequency of
isolation, CoNS constituted 19.1% (n=34) of
the 178 bacterial pathogens isolated from the
urine samples of the participants, 19 (10.7%)
of which were genotypically confirmed to be S.
saprophyticus by PCR and 10 (5.6%) by 16S

500 b

500 b

rRNA sequencing.

Table 3 shows the prevalence of UTI
caused by confirmed CoNS by PCR and 16S
rRNA sequencing in the study participants. Of
the 471 participants, CoNS was identified in 19
patients’ samples, giving a prevalence of
4.0%, with 9.4% (n=11) in Oyo, 6.2% (n=7)
in Ogun and 0.4% (n=1) in Osun State

(x2=18.224, p<0.0001). Fig 2 shows the S.
saprophyticus amplified products using the S.
saprophyticus specific primer. Fig 3 represents
the phylogenetic tree of the relatedness of the
CoNS isolates.

Lane 1,2,5,7,8,9,11,12,14,16,18,19,21,22,24,25,26,27,28 and 29 at 380bp; Lane L, 1, 4 and N are ladder, positive control and
negative control respectively

Fig 2: Agarose gel electrophoresis of amplified PCR amplicons of Staphylococcus saprophyticus isolates
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Staphylococcus saprophyticus OY 31

Staphylococcus saprophyticus OG 4

Staphylococcus xylosus OS 2
Staphylococcus saprophyticus OY 10

Staphylococcus saprophyticus OY 13
Staphylococcus xylosus OS 12
Staphylococcus saprophyticus QY 29

Staphylococcus lentus OS 16
Staphylococcus scuri OS 21

— Staphylococcus rhodentium OY 6

Staphylococcus lentus OY 28
Staphylococcus saprophyticus OY 9

Staphylococcus lentus OY 1

l»rStaphylococcus saprophyticus OY 20

Staphylococcus lentus OY 24

— Staphylococcus lentus OG 25

Staphylococcus saprophyticus OY 27
r Staphylococcus saprophyticus OS 8

L Staphylococcus saprophyticus DSM

QY = Oyo State; OS = Osun State; OG = Ogun State; DSM = Standard Staphylococcus saprophyticus
The 19 positive amplicons with S. saprophyticus specific-primer further sequenced with 16S rRNA and aligned with the sequences available in GenBank. The strains were
established as belonging to the Staphylococcus Genus (similarity =95%). Some of the 19 staphylococci were identical to each other. The 19 distinct strains were grouped into 5
Staphylococcus species, with the principal species being S. saprophyticus of 10 strains, followed by 5 S. lentus, 2 S xylosus, and 1 each of S. sciuri, S. rodentium. A control strain,
S. saprophyticus bovis, gave 98% similarity with S. saprophyticus in the GenBank.

Fig 3: Phylogenetic tree of 16S rRNA sequences of coagulase negative staphylococci isolates

Table 4: Antibiotic resistance profiles of genotypically identified coagulase-negative staphylococci isolates from urine samples

Antibiotic S. saprophyticus (%) S. lentus (%) S. xylosus (%) S. rodentium (%) S. sciuri (%) Total CoNS (%)
(n=10) (n=5) (n=2) (n=1) (n=1) (n=19)
Gentamicin 3(30.0) 3(60.0) 0 1 (100.0) 0 7 (36.8)
Ciprofloxacin 0 1 (20.0) 0 0 0 1(5.3)
Levofloxacin 1(10.0) 1 (20.0) 0 0 0 2 (10.5)
Erythromycin 2 (20.0) 2 (40.0) 0 0 0 4 (21.1)
Clindamycin 9 (90.0) 3 (60.0) 1 (50.0) 1 (100.0) 1 (100.0) 15 (78.9)
Linezolid 1(10.0) 1 (20.0) 0 1 (100.0) 0 3(15.8)
Daptomycin 10 (100.0) 3(60.0) 2 (100.0) 1 (100.0) 1 (100.0) 17 (89.5)
Teicoplanin 1 (10.0) 1 (20.0) 0 0 0 2 (10.5)
Vancomycin 2 (20.0) 1 (20.0) 0 0 0 3 (15.8)
Tetracycline 2 (20.0) 2 (40.0) 0 0 0 4 (21.1)
Tigecycline 0 1 (20.0) 0 0 0 1(5.3)
Nitrofurantoin 0 0 0 0 0 0
Rifampicin 4 (40.0) 3 (60.0) 0 1 (100.0) 0 8 (42.1)
Penicillin 5 (50.0) 2 (40.0) 0 1 (100.0) 1 (100.0) 9 (47.4)
Oxacillin 10 (100.0) 4 (80.0) 2 (100.0) 1 (100.0) 1 (100.0) 18 (94.7)
Trimethoprim- 10 (100.0) 4 (80.0) 2 (100.0) 1 (100.0) 1 (100.0) 18 (94.7)

sulfamethoxazole

Antibiotic resistance profiles of the coagulase
negative staphylococci:

The CoNS isolates exhibited high level
of resistance to oxacillin (94.7%), sulfameth-
oxazole-trimethoprim (94.7%), clindamycin
(78.9%) and daptomycin (89.5%). All S. sap-
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rophyticus, S. xylosus, S. rodentium and S.
sciuri isolates were 100% resistant to dapto-
mycin, sulfamethoxazole-trimethoprim and
oxacillin. S. xylosus, S. rodentium and S. sciuri
were also 100% resistant to daptomycin and
oxacillin. All S. rodentium and S. sciuri were
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resistant to clindamycin and S. rodentium was
resistant to gentamicin and linezolid. All S.
saprophyticus, S. xylosus, S. rodentium, S.
sciuri isolates and 3 (60%) of 5 S. lentus were
multidrug resistant, with resistance to three or
more different classes of antibiotics. However,
all CoNS isolates were susceptible to nitro-
furantoin. All S. xylosus, S. rodentium and S.
sciuri were susceptible to ciprofloxacin and
levofloxacin. All S. rodentium and S. sciuri
were sensitive to erythromycin and all S. xylo-
sus and S. sciuri were susceptible to genta-
micin, erythromycin and linezolid (Table 4).

Discussion:

Females of reproductive age are more
susceptible to S. saprophyticus due to rectal,
vaginal and urethral colonization by this orga-
nism (22). Genito-urinary colonization by S.
saprophyticus is also a common feature in
female gender as well as changes in the hor-
monal influences during menstruations, with
Candida infection which affect the vaginal flora
(23). Of the bacterial UTI pathogen isolated in
178 participants in this study, 34 (19.1%)
were phenotypically identified as CoNS, 10
(5.6%) of which were genotypically confirmed
to be S. saprophyticus as the cause of UTI
among the selected female participants. S.
saprophyticus is a prime uropathogen in young
women of reproductive age especially below
the age of 30 years (13).

In this study, the largest number of
participants with urinary complaints recruited
into the study were in the age group 21-30
years (40.8%) and lowest were in the age
group < 20 years (4.5%). Females in the age
group 21-30 years are more prone to UTI and
therefore likely to visit healthcare facility with
urinary symptoms. This agrees with other res-
earchers who found that young adult women
are more susceptible to S. saprophyticus colo-
nization and subsequent UTI. Oladeinde et al.,
(24) reported highest prevalence of UTI in the
age group 21-30 years. Onyemelukwe and
Nwokocha (10) in Enugu Nigeria also reported
6.3% incidence of S. saprophyticus in female
urine samples. Farina et al., (3) reported its
predominance in sexually active young wom-
en. Ekwealor et al., (25) also reported S. sap-
rophyticus as a cause of UTIs in sexually active
women. The high bacterial colonization of ure-
thral of women within the reproductive age
might be due to increased sexual activity in
this age group and association of UTI with poor
genital hygiene practices (26).

In our study, S. saprophyticus were
genotypically confirmed in 10.7% of patients
whose urine samples were positive for bacte-
rial pathogens. Jhora et al., (27) reported
7.0% frequency of S. saprophyticus in UTI.
Jombo et al., (28) reported 7.7% incidence
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from Calabar, Nigeria, Nasiru et al., (29) rep-
orted 6.8% incidence from Abuja Nigeria, and
Jemikalajah (30) reported 11.1% in Delta Sta-
te Nigeria, which agree with the rate reported
in the present study. However, Vemulapalli
and Rao (31) reported a higher frequency of
20.5% for S. saprophyticus in India and Alao
et al., (32) reported extremely high frequency
of 88% for S. saprophyticus in southwestern
Nigeria, which contrast the finding of our cur-
rent study. Other researchers from Nigeria
have also reported S. saprophyticus in urine
samples of symptomatic patients (10,28,29).

Stepanovic et al., (33) isolated 5 S.
sciuri in urine samples of asymptomatic pati-
ents. Despite being predominantly associated
with animals, members of the S. sciuri group
have been known to colonize humans (34),
and associated with significant infections,
most frequently wound infections (35,36). The
16S rRNA sequencing in our study identified 5
species among the 19 S. saprophyticus iden-
tified by PCR, which included 10 S. saprophy-
ticus, 5 S. lentus, S. 2 xylosus, 1 S. rodentium
and 1 S. sciuri from the urine samples of sym-
ptomatic patients. We are not unaware that
even with well-designed primers, high geno-
mic similarity between S. saprophyticus and
closely related CoNS species can result in false
positives, particularly if the primers target
conserved genes such as 16S rRNA, where
sequence identity is = 97%. Staphylococcus
lentus, S. xylosus, and other CoNS share sig-
nificant sequence identity with S. saprophy-
ticus in the amplified region. This suggests the
need to target more variable or unique genetic
markers.

Antimicrobial resistance in CoNS is be-
coming more common and severe around the
globe (37,38). Both human and animal health
experts are facing difficulties due to the spread
of antibiotic-resistant staphylococci. CoNS in
this study exhibited multidrug resistance to
the selected antimicrobials tested with high
level of resistance to oxacillin (94.7%), sulfa-
methoxazole-trimethoprim (94.7%), clindamy-
cin (78.9%) and daptomycin (89.5%). Pro-
duction of B-lactamase was the initial resis-
tance mechanism of staphylococci to B-lactam
antibiotics through horizontal transfer of anti-
microbial resistance plasmid genes (39). But
resistance to oxacillin is mediated by chromo-
somal mecA or mecC genes that encodes ab-
normal penicillin binding proteins (PBPs) with
low affinity of binding to B-lactam antibiotics
(40).

The relative sensitivity of S. saprophy-
ticus (80.0%) to erythromycin in this study
agrees with a recent study by Fatholahzadeh
et al., (41) who reported 80% susceptibility of
S. saprophyticus to the same antibiotic. Sus-
ceptibility to levofloxacin and nitrofurantoin in
this study was 100% in contrast to the study
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by Sarzynski et al., (42) who reported 55.6%
and 44.4% sensitivity of S. saprophyticus to
levofloxacin and nitrofurantoin respectively.
Agvald-Ohman et al., (43) reported that ery-
thromycin and gentamicin resistance in clinical
staphylococci was 48% and 54% respectively,
higher than the rates obtained in our study for
erythromycin (21.1%) and gentamicin (26.3 %).
According to Antoinette et al., (44) clinical
isolates in general have increasing levels of
antibiotic resistance as a result of recurrent
antibiotic exposure.

Conclusion:

Coagulase negative staphylococci, par-
ticularly S. saprophyticus, are important bact-
erial pathogen involved in UTIs and should not
be discounted as commensals or contami-
nants. Molecular identification, antibiotic sus-
ceptibility, and resistance gene detection are
necessary for accurate assessment of clinical
significance of CoNS involved in UTI.

Contributions of authors:

OBO participated in the research des-
ign and benchwork; COI prepared and revised
the manuscript and analysed the data; OBF
was involved in manuscript-proofing and data
analysis; OEA participated in the research
design and supervision. All the authors read
and approved the final manuscript.

Source of funding:
Authors received no external funding

Conflict of interest:

Authors declare no conflict of interest

References:

1.  Stepanovic, S., Jezek, P., Vukovic, D., Dakic, I.,
and Petrds, P. Isolation of members of the
Staphylococcus sciuri group from urine and their
relationship to urinary tract infections. J Clin
Microbiol. 2003; 41(11): 5262-5264.
https://doi.org/10.1128/jcm.41.11.5262-5264.2003

2. Flores-Mireles, A. L., Walker, J. N., Caparon, M.,
and Hultgren, S. J. Urinary tract infections:
epidemiology, mechanisms of infection and
treatment options. Nat Rev Microbiol. 2015; 13
(5): 269-284.
https://doi.org/10.1038/nrmicro3432

3. Farina, N., Sanabria, R., Figueredo, L., Ramos, L.,
and Samudio, M. Staphylococcus saprophyticus
as urinary pathogen. Memorias del Instituto de
Investigaciones en Ciencias de la Salud. 2005; 3
(1): 31-33.

4. Shaikh, N., Morone, N. E., Bost, J. E., and Farrell,
M. H. Prevalence of Urinary Tract Infection in
Childhood: A Meta-Analysis. Paediatr Infect Dis J.
2008; 27: 302-308.
doi: 10.1097/INF.0b013e31815e4122

5. Okonko, I. O., Ijandipe, L. A., Ilusanya, O. A., et
al. Incidence of urinary tract infection (UTI)

396

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Afr. J. Clin. Exper. Microbiol. 2025; 26 (4): 388-397

among pregnant women in Ibadan, South-
Western Nigeria. Afr J Biotechnol. 2009; 8 (23):
6649-6657.

Prestinaci, F., Pezzotti, P., and Pantosti, A.
Antimicrobial resistance: a global multifaceted
phenomenon. Pathog Glob Health, 2015; 109
(7): 309-318.
https://doi.org/10.1179/2047773215Y.0000000030
Mestrovi¢, T., Matijasi¢, M., Peri¢, M., Cipci¢, P.
H., Baresi¢, A., and Verbanac, D. The Role of Gut,
Vaginal, and Urinary Microbiome in Urinary Tract
Infections: From Bench to Bedside. Diagnostics
(Basel). 2020; 11: 7.
https://doi.org/10.3390/diagnostics11010007
Michael, C. A., Dominey-Howes, D., and Labbate,
M. The antimicrobial resistance crisis: causes,
consequences, and management. Front Publ
Health. 2014; 2: 145.
https://doi.org/10.3389/fpubh.2014.00145
Gajdécs, M., and Albericio, F. Antibiotic
resistance: from the bench to patients. Antibiotics
(Basel). 2019; 8(3): 129.
https://doi.org/10.3390/antibiotics8030129
Onyemelukwe, N., and Nwokocha, A.
Staphylococcus saprophyticus infection as a
cause of UTI in female adolescents in Enugu area,
Nigeria. IOSR J Dental Med Sci. 2013; 11 (5):
Grehs, B. W. N., Linton, M. A. O., Clasen, B., de-
Oliveira Silveira, A., and Carissimi, E. Antibiotic
resistance in wastewater treatment plants:
understanding the problem and future
perspectives. Arch Microbiol. 2021; 203(3):
1009-1020.
https://doi.org/10.1007/s00203-020-02093-6
Silbergeld, E. K., Graham, J., and Price, L. B.
Industrial food animal production, antimicrobial
resistance and human health. Ann Rev Publ
Health. 2008; 29: 151-169.
https://doi.org/10.1146/annurev.publhealth.29.
020907.090904

Argemi, X., Hansmann, Y., Prola, K., and Prévost,
G. Coagulase-Negative Staphylococci Pathogeno-
mics. Int J Mol Sci. 2019; 20 (5): 1215.
https://doi.org/10.3390/ijms20051215

Michels, R., Last, K., Becker, S. L., and Papan, C.
Update on Coagulase-Negative Staphylococci-
What the Clinician Should Know. Microorganisms.
2021; 9 (4): 830.
https://doi.org/10.3390/microorganisms9040830
Gould, C. V., Umscheid, C. A., Agarwal, R. K.,
Kuntz, G., and Pegues, D. A. Guideline for
prevention of catheter-associated urinary tract
infections 2009. Infect Contr Hosp Epidemiol.
2010; 31(4): 319-326.
https://doi.org/10.1086/651091

Yao, K., Luman, E. T., Nkengasong, J. N., and
Maruta, T. The SLMTA programme: Transforming
the laboratory landscape in developing countries.
Afr J Lab Med. 2016; 5(2): 1-8.

Ferreira, A. M., Bonesso, M. F., Mondelli, A. L.,
and de Souza, M. D. Identification of Staphy-
lococcus saprophyticus isolated from patients
with urinary tract infection using a simple set of
biochemical tests correlating with 16S-23S
interspace region molecular weight patterns. J
Microbiol Methods. 2012; 91 (3): 406-411.
https://doi.org/10.1016/j.mimet.2012.09.024
Clinical and Laboratory Standards Institute
(CLSI). Performance Standards for Antimicrobial
Susceptibility Testing, M100, 2021.

Morot-Bizot, S. C., Talon, R., and Leroy, S.
Development of a multiplex PCR for the
identification of Staphylococcus genus and four
staphylococcal species isolated from food. J Appl
Microbiol. 2004; 97(5): 1087-1094.
https://doi.org/10.1111/§.1365-2672.2004.02399.x
Bigelyte, G., Young, J. K., Karvelis, T., et al.
Miniature type VF CRISPR-Cas nucleases enable
targeted DNA modification in cells. Nat
Communications. 2021; 12 (1): 6191.
https://doi.org/10.1038/s41467-021-26469-4



https://doi.org/10.1038/nrmicro3432

Genotypic identification and antibiotic susceptibility of CoNS from UTI

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tamura, K., Stecher, G., and Kumar, S. MEGA11:
molecular evolutionary genetics analysis version
11. Mol Biol Evol. 2021; 38(7): 3022-3027.
https://doi.org/10.1093/molbev/msab120
Adhikari, S., Khadka, S., Sapkota, S., et al.
Prevalence and antibiograms of uropathogens
from the suspected cases of urinary tract
infections in Bharatpur Hospital, Nepal. Journal of
College of Medical Sciences-Nepal 2019; 15(4):
260-266.
https://doi.org/10.3126/jcmsn.v15i4.20856
Hummers-Pradier, E., Ohse, A. M., Koch, M.,
Heizmann, W. R., and Kochen, M. M.
Management of urinary tract infections in female
general practice patients. Fam Pract. 2005;
22(1):71-77.
https://doi.org/10.1093/fampra/cmh720
Oladeinde, B. H., Omoregie, R., Olley, M., and
Anunibe, J. A. Urinary tract infection in a rural
community of Nigeria. North Am J Med Sci. 2011;
3 (2): 75-77.
https://doi.org/10.4297/najms.2011.375
Ekwealor, P. A., Ugwu, M. C., Ezeobi, 1., et al.
Antimicrobial Evaluation of Bacterial Isolates
from Urine Specimen of Patients with Complaints
of Urinary Tract Infections in Awka, Nigeria. Int ]
Microbiol. 2016; 2016: 9740273.
https://doi.org/10.1155/2016/9740273

Stamm, W. E., and Norrby, S. R Urinary tract
infections: disease panorama and challenges. ]
Infect Dis. 2001; 183 Suppl 1: S1-S4.
https://doi.org/10.1086/318850

Jhora, S. T., and Paul, S. Urinary Tract Infections
Caused by Staphylococcus saprophyticus and
their antimicrobial sensitivity pattern in Young
Adult Women. Bangladesh J Med Microbiol. 2011;
5(1): 21-25.
https://doi.org/10.3329/bjmm.v5i1.15817
Jombo, G. T. A., Emanghe, U. E., Amefule, E. N.,
and Damen, J. G. Urinary tract infections at a
Nigerian university hospital: Causes, patterns
and antimicrobial susceptibility profile. J Microbiol
Antimicrob. 2011; 3(6): 153-159.

Nasiru, I. A., Amadu, D. O., Nwabuisi, C., et al.
Prevalence and associated factors associated with
Uropathogenic Escherichia coli isolates from
catheterized persons at Ilorin Tertiary Hospital,
Nigeria. Afro-Egyptian J Infect Endemic Dis.
2019; 9(2): 119-128.

Jemikalajah, D. J. Characterization and
evaluation of antibiotic susceptibility pattern of
coagulase negative staphylococci isolated from
common clinical specimens in a Central Hospital
in Delta State, Nigeria. J Appl Sci Environ Manag.
2019; 23(1), 183-186.
https://doi.org/10.4314/jasem.v23i1.27
Vemulapalli, B., and Rao, K. K. Prevalence of
anaemia among pregnant women of rural
community in Vizianagaram, North Coastal
Andhra Pradesh, India. Asian J Med Sci. 2014;
5(2): 21-25.
https://doi.org/10.71152/ajms.v5i2.3320

Alao, F. O., Smith, S. I., Omonigbehin, E. A., and
Adeleye, 1. A. Prevalence of virulence genes in
Staphylococcus saprophyticus isolated from
women with urinary tract infections in Lagos
State. Sci Afr. 2020; 10: e00626.
https://doi.org/10.1016/j.sciaf.2020.e00626
Stepanovic, S., Dakic, I., Morrison, D., et al.
Identification and characterization of clinical

397

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Afr. J. Clin. Exper. Microbiol. 2025; 26 (4): 388-397

isolates of members of the Staphylococcus sciuri
group. J Clin Microbiol. 2005; 43(2): 956-958.
https://doi.org/10.1128/jcm.43.2.956-958.2005
Nagase, N., Sasaki, A., Yamashita, K., et al.
Isolation and species distribution of staphylococci
from animal and human skin. J Vet Med Sci.
2002; 64(3): 245-250.

doi: 10.1292/jvms.64.245

Rivera, M., Dominguez, M. D., Mendiola, N. R.,
Roso, G. R., and Quereda, C. Staphylococcus
lentus peritonitis: a case report. Peritoneal
Dialysis International. 2014; 34(4): 469-470.
https://doi.org/10.3747/pdi.2012.00303
Werckenthin, C., Cardoso, M., Martel, J. L., and
Schwarz, S. Antimicrobial resistance in
staphylococci from animals with particular
reference to bovine Staphylococcus aureus,
porcine Staphylococcus hyicus, and canine
Staphylococcus intermedius. Vet Res. 2001;
32(3-4): 341-362.
https://dx.doi.org/10.1051/vetres:2001129
Levy, S. B., and Marshall, B. Antibacterial
resistance worldwide: causes, challenges and
responses. Nat Med. 2004; 10 (12): S122-S129.
https://doi.org/10.1038/nm1145

Schwartz, T., Volkmann, H., Bischoff, P., Kirchen,
S., and Obst, U. Detection of clinically relevant
antibiotic-resistance genes in municipal
wastewater using real-time PCR (TagMan). J
Microbiol Methods. 2004; 56 (2): 277-286.
https://doi.org/10.1016/j.mimet.2003.10.014
Alekshun, M. N., and Levy, S. B. Molecular
mechanisms of antibacterial multidrug
resistance. Cell. 2007; 128 (6): 1037-1050.
https://doi.org/10.1016/j.cell.2007.03.004
Dhaouadi, S., Soufi, L., Campanile, F., et al.
Prevalence of meticillin-resistant and -susceptible
coagulase-negative staphylococci with the first
detection of the mecC gene among cows, humans
and manure in Tunisia. Int J Antimicrob Agents.
2020; 55 (1): 105826.
https://doi.org/10.1016/j.ijantimicag.2019.10.007
Fatholahzadeh, B., Emaneini, M., Gilbert, G., et
al. Staphylococcal cassette chromosome mec
(Sscc mec) analysis  and antimicrobial
susceptibility patterns of methicillin-resistant
Staphylococcus aureus (MRSA) isolates in
Tehran, Iran. Microb Drug Resist. 2020; 14(3):
217-220.
https://doi.org/10.1089/mdr.2008.0822
Sarzynski, S. H., Warner, S., Sun, J., et al.
Trimethoprim-Sulfamethoxazole Versus Levoflo-
xacin for Stenotrophomonas maltophilia Infec-
tions: A Retrospective Comparative Effectiveness
Study of Electronic Health Records from 154 US
Hospitals. Open Forum Infect Dis. 2022; 9(2):
ofab644._https://doi.org/10.1093/ofid/ofab644
Agvald-Ohman, C., Lund, B., and Edlund, C.
Multiresistant coagulase-negative Staphylococci
disseminate frequently between intubated
patients in a multidisciplinary intensive care unit.
Critical Care. 2004; 8: 42-47.
https://doi.org/10.1186/cc2422

Antoinette, N., Bernard, R. F., and Rossi, D. W.
World Health Organization (WHQO) guidelines on
use of medically important antimicrobials in food-
producing animals. Antimicrob Resist Infect
Contr. 2018; 7: 1-8.
https://doi.org/10.1186/s13756-017-0294-9



https://doi.org/10.71152/ajms.v5i2.3320
https://doi.org/10.1016/j.sciaf.2020.e00626
https://doi.org/10.1016/j.mimet.2003.10.014
https://doi.org/10.1016/j.cell.2007.03.004
Int%20J%20Antimicrob%20Agents
https://www.sciencedirect.com/journal/international-journal-of-antimicrobial-agents/vol/55/issue/1
https://doi.org/10.1016/j.ijantimicag.2019.10.007
https://doi.org/10.1186/cc2422

