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evaluating the prevalence of GAS in the
community, as well as continued monitoring
of antibiotic sensitivity.5,6
Penicillin is the mainstay of therapy
for streptococcal pharyngitis, and S.pyogenes
1
has also remained uniformly susceptible to it.
Although Penicillin resistance has not been
reported in S.pyogenes to date, 7% - 40 % of
treatment failures have been reported in
patients with acute and recurrent
pharyngotonsillitis.7
Also, in Penicillinallergic patients or in cases of Penicillin
treatment failure, Erythromycin and other
macrolides are considered as alternative
treatment options.8 However, because of the
widespread use of these antibiotics, there has
been a global rise in the emergence of
macrolide resistance among strains of S.
pyogenes, though the rate varies from one
9-11
geographical region to another.
Two major mechanisms of macrolide
resistance have been demonstrated by isolates
of S. pyogenes, one of which is the active
efflux mechanism which is encoded by the
mefA genes. This mechanism specifically
expels 14 and 15-membered macrolides from

INTRODUCTION
Streptococcus pyogenes or group A
streptococci (GAS) are Gram-positive
bacteria which colonize the throat or skin and
cause a wide variety of clinical manifestations
ranging from mild acute Streptococcal
pharyngotonsillitis and impetigo to lifethreatening invasive Streptococcal disease
like necrotizing fasciitis and Streptococcal
toxic shock syndrome, as well as nonsuppurative post-streptococcal
immunological sequelae such as acute
Rheumatic fever (ARF) and acute
Glomerulonephritis (AGN).1Streptococcus
pyogenes is diagnosed in about 30% of cases
of pharyngitis in children and about 15% in
2,3
adults. However, the highest incidence of S.
pyogenes pharyngitis is usually found in
children between the ages of 5 to 15 years.4
The high disease burden arising from GAS
highlights the need for active surveillance of
S.pyogenes, which can be achieved through
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the cell but, not the 16-membered macrolides
or the Lincosamides. The second mechanism
is by target site modification (dimethylation
of 23S ribosomal RNA within the macrolide
binding site by the products of Erythromycin
ribosomal methylase (erm) genes, which
inhibits drug binding and leads to crossresistance to macrolides, Lincosamides, and
Streptogramin B.12 This is called the MLSB
phenotype which can either be constitutively
or inducibly expressed.11 The inducible MLSB
phenotype requires the presence of a specific
antimicrobial agent to induce the production
of the Methylase enzyme. In the case of
S.pyogenes, Erythromycin can induce the
production of the enzyme. While the
inducible MLSB phenotype correlates with the
ermA gene, and resistance to Lincosamides
occurs only when the enzyme-inducing
macrolide is present, the constitutive MLSB
phenotype is resistant to both Erythromycin
and Clindamycin and is associated with the
ermB gene.8 These MLSB phenotypes can be
differentiated by doing the double-disk
diffusion (D-zone) test.13 This phenotypic
detection of macrolide resistance has the
potential to provide sufficiently rapid results
to improve antibiotic treatment of
streptococcal infections where polymerase
chain reaction (PCR) assay is not available.
This study aimed to ascertain the
prevalence of GAS in subjects with throat
infections in Benin metropolis and to evaluate
the susceptibility patterns of commonly used
antibiotics for treatment.

Obasanjo Hospital from October 2019 to
December 2019. The Subjects were aged 2 65 years.
Inclusion and Exclusion Criteria
All consenting patients who showed
symptoms of throat infection were recruited
into the study. Patients on prior antibiotic
therapy or patients with other respiratory
tract infections like rhinorrhea or nasal
congestion were excluded from the study.
Sample Collection, Processing, Isolation
and Identification
Throat swabs were collected from
subjects aseptically and immediately taken to
the laboratory. The samples were then
inoculated on blood agar containing 5%
defibrinated sheep blood and incubated at
o
37 C for 20 hours, after which the plates were
observed for the morphology of colonies and
the observations were recorded. The
phenotypically distinct colonies that showed
â-haemolysis were sub-cultured on fresh
blood agar plates to obtain pure bacteria
culture. Biochemical characterization and
identification of isolates was performed by
routine laboratory techniques such as Gram
reaction, Catalase test, Bacitracin sensitivity
test and Latex agglutination (HiStrepTM Latex
Test kit, Himedia, India).14
Antibiotic Susceptibility Test
The isolates were tested for
susceptibility to eight antibiotics belonging
to seven different classes, namely â-lactams
(Penicillin G 10 unit and Ceftriaxone 30µg),
Macrolides (Erythromycin 15µg),
Lincosamides (Clindamycin 2µg),
Fluoroquinolones (Levofloxacin 5µg),
Glycopeptides, Phenicols and Oxazolidinone
(Linezolid 30µg) all obtained from Oxoid
Ltd, Basingstoke, Hampshire, UK. The
Kirby-Bauer disc diffusion method on
Muller-Hinton agar supplemented with 5%
sheep blood agar was employed, and the
results were interpreted according to the
Clinical and Laboratory Standards Institute
(CLSI) guidelines while Streptococcus
pneumoniae ATCC 49619 was used for
14
quality control.

MATERIALS AND METHODS
Ethical Consideration
Ethical approval was obtained from
the Edo State Hospitals Management Board
(Ref: A732/T/1) and the University of Benin
Teaching Hospital Ethics and Research
Committee (Protocol No: ADM/E 22/A/Vol.
VII/148200).
Study Population
A total of 197 throat swab samples
were collected from patients with throat
infection attending the Ear, Nose and throat
(ENT) Clinics at the University of Benin
Teaching Hospital (UBTH) and Stella
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blunting of the zone of inhibition around the
disc was suggestive of the M phenotype.14

Determination of the macrolide-resistant
phenotype by the D-zone Test
The macrolide-resistant phenotypes
were determined by a double-disc test
involving Erythromycin (15ìg) and
Clindamycin (2ìg) discs placed 15-20 mm
apart, as described by CLSI. After 16-24 hr of
o
incubation at 37 C, the absence of a
significant zone of inhibition around the two
discs was taken to indicate constitutive
resistance (CMLSB phenotype), blunting of the
Clindamycin zone of inhibition close to the
Erythromycin disk was taken to indicate
inducible resistance (iMLSB phenotype) and
susceptibility to Clindamycin with no

Statistical analysis
Data generated were presented in
frequency and percentages while categorical
2
data were analyzed with Chi-square test (÷ )
by using the statistical software INSTAT®
(Graph Pad Software Inc., CA, USA).
Statistical significance was set at p <0.05.
RESULTS
The prevalence of Streptococcus
pyogenes throat infection in the study
population was 9.65% (Figure 1).

9.65%

90.35%
No Positive
No Negative

Figure 1: Prevalence of Streptococcus pyogenes in the study population
The distribution of occurrence of GAS
in the study population based on age and
gender showed that the proportion of throat
infection was higher in children between 8 -13
years (Table 1). Male subjects (55.33%) were
predominant in the study population when

compared to the female ones (44.67%). It was
observed that age (p= 0.696) and sex (p=
0.742) were not significant risk factors for
acquiring Streptococcus pyogenes infection
among the studied subjects (Table 1).
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Table 1: Distribution of Group A Streptococcal infection with age and gender among patients
with throat infection in Benin City, Edo State, Nigeria
No. tested
Age group (years)
2-7
37
8-13
53
I4-19
22
20-25
9
26-31
18
32-37
6
38-43
12
44-49
12
50-55
15
56-61
11
62-67
2
Sub-Total
197
Gender
Male
109(55.33 %)
Female
88(44.67 %)
Sub-Total
197

No positive

Statistical test and
P-value

3
5
2
0
2
1
1
2
2
0
1
19

÷2 = 7.304
p = 0.696

11(57.89 %)
8(42.11 %)
19

÷2 = 0.109
p = 0.742

The results from antibiotic
susceptibility test (Table 2) showed that all the
isolates were susceptible to Penicillin,

Ceftriaxone, Vancomycin, Levofloxacin,
Linezolid and Chloramphenicol. The
prevalence of macrolide resistance among
isolates was 21.05%.

Table 2: Antibiotic Sensitivity Pattern of Group A Streptococci isolates from subjects with
throat infections in Benin City, Edo State, Nigeria.

Antibiotics

Susceptibility pattern (%) for diameter of zone of inhibition mm
Sensitive

Penicillin G (10 units)
Ceftriaxone (30µg)
Erythromycin (15µg)
Clindamycin (2µg)
Levofloxacin (5µg)
Vancomycin (30µg)
Chloramphenicol (30µg)
Linezolid (30µg )

Intermediate

19(100)
19(100)
13(68.42)
16(84. 21)
18(94.74)
19(100)
16(84.21)
19(100 )

2(10.53)
1(5.26)
3(15.79)
-

This resistance was found in
4(21.05%) of the GAS isolates with inducible
macrolide, Lincosamide and Streptogramin
B(iMLSB) being the predominant phenotype

Resistant
4(21.05)
3(15.79)
-

(75%) followed by the M phenotype (25%).
Inducible Clindamycin resistance was
observed in 3(15.79%) isolates (Figure 2).
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Figure 2: Frequency of macrolide resistance phenotypes (D-test) exhibited by the Group A
Streptococcal isolates from the study population
Penicillin continues to be the first line of
treatment against S.pyogenes infections in
Benin City. However, while Penicillin
remains an effective treatment for infections
caused by Group A Streptococci, there have
been reports of drug intolerance and clinical
therapeutic failures in patients with
18
tonsillopharyngitis. For the past 15 years,
the Penicillin therapy failure rate in
Streptococcal pharyngotonsillitis has
significantly increased to about 40 % in some
7
geographical regions. The principal
explanations for this include: poor
penetration of Penicillin into tonsillar tissues
thereby resulting in the intracellular survival
of S.pyogenes; shielding of S.pyogenes
byother oral bacteria that produce âlactamase e.g., Haemophilus species,
Moraxella catarrhalis, Staphylococcus
aureus, and anaerobes as well as
coaggregation between Moraxella
catarrhalis and Streptococcus pyogenes,
which may increase Streptococcus pyogenes
colonization by facilitating its attachment to
the host epithelial cells; and modification of
19
the commensal bacterial microflora.
In this study, Ceftriaxone showed
excellent activity with 100% of the isolates
being susceptible to it. Even though Penicillin

DISCUSSION
Pharyngitis is the most common
manifestation of Streptococcus pyogenes
infection. The prevalence of Group A
Streptococci in the study population was
9.65%. This low prevalence of GAS suggests
that the burden of group A Streptococcal
diseases and sequelae in Benin City may be
reported as low. This is because a similar study
conducted in the same locality yielded no
GAS isolate.15 However, this result is higher
than 8 % prevalence among children with
tonsillitis in Awka in South East Nigeria.16
The highest incidence of GAS
infection in this study occurred in children
aged 8 - 13 years. This high incidence could be
attributed to the fact that at this age, children
move from primary school to high school
which results in an environmental change, and
thus become exposed to infection from other
strains of S.pyogenes. 5,16 Age and gender had
no statistical significance (p > 0.05) among
the study population. Therefore, age and sex
could not be considered as predisposing risk
factors for acquiring this infection among the
study population.
All the tested isolates were sensitive to
Penicillin and Vancomycin, which agrees with
the findings of other researchers,17 hence,
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is generally the antibiotic of choice for the
treatment of Streptococcal throat infection,
reports have shown that oral Cephalosporins
seemed to be more effective than oral
20
Penicillin, with two times fewer therapy.
Clindamycin showed very good activity, with
84.21% susceptibility and 15.79% of the
isolates exhibiting inducible Clindamycin
resistance. The activity of Levofloxacin in this
study was also very effective as 94.74% of the
isolates were susceptible to it and 5.26%
showed intermediate sensitivity. This is in
agreement with high susceptibility rates (90%
21
to 100%) reported in North African countries
22
and France. The activities of Vancomycin
and Linezolid were excellent as 100 % of the
isolates were susceptible to the antibiotics.
These data suggest that Levofloxacin,
Vancomycin and Linezolid could be effective
choices for treatment of S.pyogenes throat
infections.
Macrolides, Lincosamides, and
Streptogramins are recommended choices for
the treatment of S.pyogenes infections in âlactam allergic patients or cases of Penicillin
23
therapy failure. Despite some geographical
differences, the rates of macrolide resistance
in Africa have remained relatively low.
However, recently some local resistance has
been reported due to excessive use of
Erythromycin. Erythromycin resistance rate
of 17.7% in S.pyogenes isolated from patients
with throat infections in Umuahia, Abia State
24
was reported while in this present study,
resistance to Erythromycin was observed in
21.05% of the GAS isolates. Recently, a study
in southern Ethiopia reported a 2.9%
prevalence of Erythromycin resistance in
Streptococcus pyogenes.25 The percentage of
resistance to macrolide antibiotics in this
study was lower than that reported previously
in South-East and North-East Nigeria as
30.8% and 50% respectively.26, 27
The GAS isolates usually employ
several mechanisms of antibiotic resistance.
Generally, all of these mechanisms of
resistance to macrolides are represented in a
given patient population. However, the
predominant mechanism varies from one
place to another. Majority of the
Erythromycin-resistant isolates (75%) in this
study possessed the inducible MLSB (i.e.

target site modification) phenotype followed
by the M phenotype (i.e. active efflux) which
accounted for 25% of the resistance. A study
in India reported the predominance of the
inducible MLS B phenotype (55.26%)
followed by the M(26.32%) and the
constitutive MLSB (18.42%) among the
Erythromycin resistant S. pyogenes isolates.28
CONCLUSION
The prevalence of Group A
Streptococci in patients with throat infection
in Benin City was 9.65%, which suggests a
low burden of group A Streptococcal disease
in Benin City. Age and gender of the subjects
were not statistically significant and so they
are not predisposing risk factors for acquiring
the infection. Streptococcus pyogenes has
remained susceptible to antibiotics in vitro
particularly â-lactams. However, macrolides
(Erythromycin) resistance was observed in
21.05% of the isolates and the mechanisms of
resistance employed were target site
modification (inducible MLSB phenotype)
and the active efflux (M phenotype).
Therefore, continual monitoring of
antimicrobial resistance among S.pyogenes
isolates appears to be necessary to provide
appropriate treatment in times of infections
and also have data regarding the resistance
mechanisms that are most prevalent in a
particular region.
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