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ABSTRACT 

The viridans group streptococci (VGS), are 

a heterogeneous group of bacteria 

belonging to the genus Streptococcus. They 

act as a reservoir for antibiotic resistance 

genes, thus transferring different resistance 

traits to more pathogenic organisms like S. 

pneumonae and S. pyogenes.  The aim of 

this study was to evaluate the antibiotic 

resistance in optochin-resistant (VGS) from 

the sputum samples of patients from all age 

groups at Central Hospital, Warri, Delta 

State, Nigeria. A total of 200 sputum 

samples were collected from patients with 

clinical symptoms of tuberculosis, 

pneumonia and other respiratory tract 

infections. The VGS were isolated and 

identified using standard methods. The 

antibiotic susceptibility testing of the 

isolated VGS was performed according to 

Clinical and Laboratory Standards 

Institute’s recommendations. A total of 48 

(24 %) VGS were isolated. All of the 

isolates (100 %) were susceptible to 

imipenem and resistant to cefotaxime.   

95.83 % of the isolates were susceptible to 

vancomycin while 89.58 %, 83.33 %, 79.16 

%, 77.08 %, 68.75%  and 52.08 % of the 

isolates were resistant to penicillin, 

trimethoprim-sulphamethoxazole, 

tetracycline, amoxicillin, clindamycin and 

levofloxacin respectively. The isolated 

VGS were 22(45.83 %) resistant and 

11(22.90 %) intermediately resistant to 

erythromycin. Multidrug resistance was 

seen in all the VGS isolated, with co-

resistance to β-lactam,  macrolides, 

tetracycline and trimethoprim-

sulphamethoxazole. This study showed that 

imipenem, vancomycin and clindamycin 

remain the drugs of choice for the treatment 

of infections caused by VGS. Multidrug 

resistance, especially to β-lactam 

antibiotics was observed in the VGS 

isolated. There is need for continuous 

evaluation of antimicrobial susceptibility 

pattern among VGS for effective antibiotic 

therapy and to track resistance overtime. 

Keywords: viridans group streptococci, 

antibiotics resistance, β-lactam, multidrug 

resistant. 

INTRODUCTION: The viridans group 

streptococci (VGS), are a heterogeneous 

group bacteria belonging to the genus 

Streptococcus. They are Gram-positive 

cocci, catalase-negative, leucine 

aminopeptidase positive and 

pyrrolidonylaryl amidase negative (Desai et 

al., 2017). They can be differentiated from 

S. pneumoniae by their optochin resistance 

and bile insolubility, although S. 

pneumoniae isolates resistant to optochin 

have been reported in different 

geographical regions (Wisiva et al., 2021). 

VGS are part of the normal microbiota of 

the oral cavity as well as the upper 

respiratory, gastrointestinal and female 

genital tracts. The term ‘viridans’ (from the 
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Latin word “viridis”, which means green) 

refers to the green discolouration on blood 

agar produced by alpha haemolysis and is 

characteristic of this group (Wisiva et al., 

2021; Park et al., 2015). Owing to their 

variability and overlap of their microbial 

characteristics, classification of VGS has 

posed a challenge (Wisiva et al., 2021; 

Guerrero et al., 2018). Currently, VGS are 

classified into six major groups namely: S. 

mitis, S. mutans, S. salivarius, S. sanguinis,  

S. anginosus  and  S. bovis  (Teles et al., 

2011; Nagata et al., 2012; Park et al., 2015). 

VGS can cause a number of important 

clinical syndromes, though regarded as low 

virulence bacteria (Park et al., 2015). VGS 

are known to be the causative agent in 

infective endocarditis (Sejong-Chun et al., 

2015) and dental caries (Shree et al., 2016)  

They are as well, associated with 

bacteraemia and systemic sepsis in 

neutropenic patients and preterm infants 

(Park et al., 2015; Sejong-Chun et al., 

2015) . They have also been implicated 

occasionally in meningitis, usually in 

patients with head or neck structural 

abnormalities, or pneumonia (Park et al., 

2015) . In addition, they act as a reservoir 

for antibiotic resistance genes, transferring 

different resistance traits to more 

pathogenic organisms like S. pneumoniae 

and S. pyogenes (Sappala et al., 2003; 

Guerrero et al., 2018). Previously, VGS 

were susceptible to β-lactam antimicrobial 

agents, aminoglycosides, tetracyclines, and 

macrolides (Wisiva et al., 2021), however, 

antibiotic resistance in VGS, particularly to 

penicillin and macrolides, has recently been 

reported globally ( Park et al., 2015; Chitra 

et al., 2015; Prakash et al., 2015; Rotimi et 

al., 2005; Matsuda et al., 2012; Nemoto et 

al., 2011), posing a growing health concern. 

There is need for continuous evaluation of 

antimicrobial susceptibility among VGS, in 

order to develop an appropriate antibiotic 

therapy and treatment options for the 

different infections caused by VGS. There 

is limited data on the antibiotic 

susceptibility pattern of VGS isolated from 

sputum samples. Hence, in this study, we 

aimed to evaluate the antibiotic resistant 

pattern of VGS isolated from sputum 

samples of adults with different clinical 

symptoms, in Central Hospital, Warri, 

Delta State, Nigeria. 

MATERIALS AND METHOD 

STUDY AREA, DESIGN, AND PERIOD:  

this study was a hospital-based prospective 

study and was conducted between June to 

December, 2020, in Central Hospital, 

Warri, Delta State.  Informed consent forms 

were given to all subjects recruited in this 

study before sample collection.  Sputum 

samples were collected from patients (all 

age groups) with clinical symptoms of 

tuberculosis, pneumonia and other 

respiratory tract infections. Healthy patients 

and patients that received antibiotics within 

the last 4 weeks were excluded from this 

study. This study was approved by the 

Ethics and Research Committee, Delta 

State Hospitals Management Board, Warri 

Medical Zone, Central Hospital, Warri. The 

clearance certificate number is CHW/ECC 

VOL 1/174.  

SAMPLE COLLECTION AND 

IDENTIFICATION: a total of 200 sputum 

samples were collected and inoculated onto 

5 % sheep blood agar plates. The inoculated 

plates were incubated at 37°C in 5% CO2 

for 18–24h. The isolates were identified 

using alpha-hemolysis, gram stain, catalase 

test and optochin susceptibility test. 

ANTIMICROBIAL SUSCEPTIBILITY 

TESTING: this was performed using the 

disk diffusion method according to the 
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guidelines by the Clinical and Laboratory 

Standard Institute (CLSI, 2019). Ten 

antibiotics (Oxoid, UK) including 

erythromycin 15g), clindamycin (2g), 

tetracycline, vancomycin (30g), 

levofloxacin (5g), amoxicillin (10g), 

penicillin (10iu), cefotaxime (30g), 

imipenem (10g) and trimethoprim-sulpha 

methoxazole (10g), were tested against the 

isolated VGS. A bacterial suspension of 0.5 

McFarland standard for each of the isolates 

was inoculated onto Mueller Hinton agar 

plates, supplemented with 5 % sheep blood. 

Afterwards, the disks were placed onto the 

plates and incubated at 37°C in 5% CO2 for 

18–24h. The results were interpreted as 

susceptible, intermediate and resistant 

based on the breakpoints given by the 

European Committee on Antimicrobial 

Susceptibility Testing (EUCAST, 2020). 

STATISTICAL ANALYSIS: comparison 

of the susceptibility rates of the viridians 

group of streptococci were performed by 

chi-square test. Statistical significance was 

defined as P<0.05. 

RESULTS: a total of 48 (24 %) VGS were 

isolated based on optochin resistance 

(Tables 1 and 2). All of the isolates (100%) 

were susceptible to imipenem and resistant 

to cefotaxime.  95.83 % and 10.42 % of the 

isolates were susceptible and resistant to 

vancomycin respectively. 89.58 % and 

77.08 % of the isolates were resistant to 

Penicillin and amoxicillin respectively.  

Resistance to penicillin, amoxicillin and 

cefotaxime representing the β-lactams was 

found to be 32(72.91 %). 11(22.90 %) and 

22(45.83 %) were intermediately and 

resistant to erythromycin while 15(31.25 

%) were resistant to clindamycin. Isolates 

resistant to both erythromycin and 

clindamycin comprised of 33.33 %.  

Resistance to erythromycin was found in 

18(41.86 %) of the penicillin non-

susceptible isolates and 21(55.26 %) of 

tetracycline resistant isolates. 37. 5 % of the 

isolates were resistant to both erythromycin 

and penicillin. Resistance to tetracycline 

was found in 38 (77.16%) of all the isolates. 

Tetracycline resistance was found in 37 

(86.05%) of the penicillin-non-susceptible 

isolates. 43.75 % were resistant to both 

erythromycin and tetracycline, while 77.08 

% were resistant both tetracycline and 

penicillin. The resistance of the isolates to 

levofloxacin was 52.08 %. All the isolates 

were resistant to more than three of the 

antibiotics (Tables 1 and 2).  

 

Table 1: Antibiotic Susceptibility Test of the isolated VGS 

ISOLAT

ES 

E  

15µg 

DA 

2µg 

LEV 

5µg  

TET 

30µg 

SXT 

10µg 

IPM 

10µg 

P 

10iu 

AML 

10µg 

VA 

30µg 

CTX 

30µg 

OPT 

INHIBITION ZONE DIAMETER (mm) 

SP59 28 S 25 S 20 S 10 R 1

5 

S 3

1 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP43 19 I 28 S 24 S 10 R 0

0 

R 3

5 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP62 00 R 00 R 22 S 00 R 0

0 

R 3

6 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 
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SP86 29 S 29 S 26 S 25 S 0

0 

R 3

6 

S 0

0 

R 0

0 

R 2

2 

S 0

0 

R 0

0 

R 

SP93 19 I 28 S 25 S 00 R 0

0 

R 3

5 

S 0

0 

R 0

0 

R 2

5 

S 0

0 

R 0

0 

R 

SP40 20 I 35 S 00 R 25 S 0

0 

R 3

5 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP1 27 S 25 S 24 S 10 R 0

0 

R 3

8 

S 0

0 

R 1

5 

R 2

0 

S 0

0 

R 0

0 

R 

SP35 16 R 29 S 20 S 00 R 0

0 

R 3

8 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP12 00 R 00 R 00 R 00 R 0

0 

R 3

8 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP49 25 S 35 S 00 R 05 R 2

1 

S 3

0 

S 0

0 

R 2

0 

S 2

3 

S 0

0 

R 0

0 

R 

SP28 21 I 31 S 22 S 00 R 0

0 

R 3

8 

S 0

0 

R 0

0 

R 2

2 

S 0

0 

R 0

0 

R 

SP90 20 I 30 S 00 R 22 I 1

5 

S 3

6 

S 0

0 

R 1

2 

R 2

1 

S 0

0 

R 0

0 

R 

SP86 33 S 30 S 22 S 21 I 0

0 

R 4

0 

S 0

0 

R 0

0 

R 2

1 

S 0

0 

R 0

0 

R 

SP106 15 R 25 S 00 I 00 I 0

0 

R 2

0 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP104 20 I 29 S 00 R 00 R 0

0 

R 3

7 

S 0

0 

R 0

0 

R 2

1 

S 0

0 

R 0

0 

R 

SP105 17 R 29 S 00 R 00 R 0

0 

R 3

8 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP101 19 I 30 S 00 R 00 R 0

9 

R 3

6 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP100 30 S 30 S 22 S 02 R 0

0 

R 4

2 

S 0

0 

R 1

3 

R 2

0 

S 0

0 

R 0

0 

R 

SP60 28 S 26 S 00 R 00 R 0

0 

R 3

4 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP70 29 S 27 S 20 S 00 R 1

6 

S 4

0 

S 0

0 

R 1

1 

R 2

0 

S 0

0 

R 0

0 

R 

SP77 25 S 28 S 20 S 00 R 1

1 

R 3

5 

S 0

0 

R 1

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP74 17 R 26 S 15 R 00 R 0

0 

R 3

9 

S 0

0 

R 1

1 

R 2

0 

S 0

0 

R 0

0 

R 

SP52 15 R 18 R 10 R 15 S 0

0 

R 4

0 

S 0

0 

R 1

1 

R 1

5 

R 1

5 

R 0

0 

R 

SP61 15 R 30 S 24 S 25 S 0

0 

R 3

8 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 
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SP65 35 S 34 S 20 S 00 R 0

5 

R 4

0 

S 0

0 

R 1

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP81 30 S 26 S 20 S 27 S 1

0 

R 3

8 

S 0

0 

R 1

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP111 00 R 00 R 25 S 14 R 1

5 

S 3

9 

S 0

0 

R 0

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP103 30 S 27 S 15 R 29 S 0

0 

R 3

0 

S 1

8 

S 1

8 

R 2

0 

S 0

0 

R 0

0 

R 

SP91 12 R 13 R 00 R 16 R 0

0 

R 2

5 

R 1

5 

R 1

6 

R 1

6 

S 1

3 

R 0

0 

R 

SP5 12 R 00 R 00 R 11 R 0

0 

R 2

7 

R 1

5 

R 1

2 

R 1

5 

R 0

0 

R 0

0 

R 

SP71 15 R 14 R 00 R 12 R 0

5 

R 2

5 

S 1

8 

S 2

0 

I 1

8 

S 1

6 

R 0

0 

R 

SP72 00 R 00 R 00 R 00 R 0

5 

R 2

5 

S 1

8 

S 2

0 

I 2

0 

S 0

0 

R 0

0 

R 

SP132 00 R 00 R 00 R 15 R 0

0 

R 3

6 

S 2

0 

S 2

0 

I 2

0 

S 1

0 

R 0

0 

R 

SP133 00 R 00 R 00 R 15 R 0

0 

R 3

5 

S 0

0 

R 1

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP124 00 R 00 R 00 R 10 R 0

0 

R 3

0 

S 1

0 

R 1

5 

R 2

0 

S 0

0 

R 0

0 

R 

SP119 20 I 30 S 00 R 15 R 0

0 

R 3

5 

S 0

0 

R 1

0 

R 2

0 

S 0

0 

R 0

0 

R 

SP134 15 R 25 S 20 S 15 R 0

0 

R 3

8 

S 1

5 

R 2

0 

I 2

1 

S 1

0 

R 0

0 

R 

SP127 00 R 00 R 00 R 15 R 0

9 

R 3

5 

S 1

5 

R 1

9 

R 2

0 

S 1

0 

R 0

0 

R 

SP128 21 I 27 S 00 R 10 R 1

8 

S 3

2 

S 0

0 

R 0

0 

R 2

1 

S 0

0 

R 0

0 

R 

SP130 17 R 29 S 25 S 00 R 0

0 

R 3

8 

S 0

0 

R 1

7 

R 2

0 

S 0

0 

R 0

0 

R 

SP131 00 R 00 R 00 R 10 R 0

0 

R 3

0 

S 0

0 

R 0

0 

R 1

8 

S 0

0 

R 0

0 

R 

SP123 25 S 20 S 23 S 12 R 1

5 

S 3

2 

S 1

2 

R 1

5 

R 1

9 

S 1

2 

R 0

0 

R 

SP146 25 S 30 S 15 R 10 R 0

0 

R 3

4 

S 1

0 

R 1

9 

I 2

0 

S 0

0 

R 0

0 

R 

SP145 20 I 25 S 10 R 14 R 0

0 

R 3

3 

S 1

2 

R 2

0 

I 2

0 

S 1

0 

R 0

0 

R 

SP160 30 S 30 S 25 S 11 R 0

0 

R 4

2 

S 1

5 

R 2

0 

I 2

0 

S 1

2 

R 0

0 

R 
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SP140 21 I 20 S 00 R 15 S 0

0 

R 4

0 

S 1

4 

R 2

2 

S 2

0 

S 1

0 

R 0

0 

R 

SP154 00 R 00 R 21 S 09 R 1

5 

S 4

0 

S 1

8 

S 1

9 

I 2

0 

S 1

0 

R 0

0 

R 

SP148 00 R 00 R 24 S 11 R 1

0 

R 4

0 

S 1

7 

R 2

1 

I 2

1 

S 1

0 

R 0

0 

R 

KEY: Erythromycin  (E); Clindamycin (DA); Levofloxacin (LEV); Tetracycline (TET); 

Imipenem (IPM); Penicillin (P); Amoxycillin (AML); Trimethoprim-sulfamethoxazole (SXT); 

Vancomycin (VA); Cefotaxime (CTX);  Susceptible (S); Intermediate (I); Resistant (R), 

international unit (iu).   

 

Table 2: Number of VGS Susceptible, Intermediate and Resistant 

Antibiotics Sensitive N (%) Intermediate N (%) Resistant N (%) 

Erythromycin 15 (31.25 %) 11 (22.90 %) 22 (45.83 %) 

Clindamycin 33 (68.75%) 00 (00 %) 15 (31.25 %)s 

Levofloxacin 22 (45.80 %) 1 (2.08 %) 25 (52.08 %) 

Tetracycline 7 (14.58 %) 3 (6.25 %) 38 (79.16 %) 

Trimthoprim-

sulphamethoxazole 

8 (16.67 %) 00 (00 %) 40 (83.33 %) 

Imipenem 48 (100 %) 00 (00%) 00 (00 %) 

Penicillin 5 (10.42 %) 00 (00 %) 43 (89.58 %) 

Amoxycillin 2 (4.17 %) 9 (18.75 %) 37 (77.08 %) 

Vancomycin 46 (95.83 %) 00 (00 %) 2 (4.16 %) 

Cefotaxime 00 (00%) 00 (00 %) 48 (100 %) 

  

DISCUSSION: there is an alarming rate of 

antibiotics resistance among VGS. In our 

study, there was a high rate (89. 58%)of 

resistance in the VGS to penicillin.  

Penicillin-resistant VGS remain the genetic 

reservoir for β lactam resistance in some 

pathogenic organisms such as S. 

pneumoniae]. Andrea et al., (2009) 

reported an unusually high level resistance 

to β-lactam with high MIC values. High 

rates of penicillin resistance (40.7 % to 70 

%) has also been reported from the rest of 

the world (Huang et al., 2007; Andrea et al., 

2009). This could be as a result of the 

presence of mosaic penicillin binding 

protein (PBP) genes that encodes for PBPs 

with reduced affinity to β- lactam 

(Amoroso et al., 2001)   

The high resistance of VGS to amoxicillin 

(77.08 %) observed in this study contrasts 

with the findings of Morva et al., (2021), 

who found that oral VGS isolated from 

children at risk of infective endocarditis had 

a high susceptibility to amoxicillin (90.2 

%). Similar studies have also been reported 

on VGS susceptibility to amoxicillin 

(Chundiri et al., 2012; William et al., 

2012). This present work is also in line with 

the work of Matsuda et al., (2012) where 

oral VGS from healthy Japanese children 

and adults were highly resistant to 

amoxicillin.  
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It was observed in this work, that 45.83% of 

the isolates were resistant to erythromycin. 

In a study from Japan, on VGS from normal 

Flora of healthy children and healthy adults, 

55.2% and 40.5% respectively, of the 

isolates were resistant to erythromycin. In 

another study in healthy Greek children, 

38.5% of the isolates were erythromycin 

resistant (Ioannidou et al., 2001).  A study 

in France, also reported resistance rates of 

41 % - 53 % to erythromycin in VGS 

(Bryskier et al., 2002). It has been 

demonstrated that macrolide resistant VGS 

is associated with co-resistance to 

tetracycline (Malhotra-Kumar et al., 2004) 

and this correlate with our study, in which 

(55.26 %) of the erythromycin resistant 

VGS were also resistant to tetracycline. 

10.42 % and (52.08 %) of VGS isolates in 

this work, were resistant to vancomycin and 

levofloxacin respectively. Rawan et al., 

(2015) reported a resistance rate of 4 % in 

VGS to vancomycin and 9 % to 

levofloxacin. The VGS were isolated from 

the oral cavity of patients in Jordan. This 

work contradicts the work of Sappala et al., 

(2003), who reported 100 % susceptibility 

to vancomycin and 90 % to levofloxacin, in 

VGS isolated from normal flora in adult 

patients in Finland. It has been previously 

documented that the susceptibility of VGS 

to glycopeptide antibiotics like vancomycin 

has remained high (Tuohy and Washington, 

1997; Mcwhinney et al., 1993). However, 

there is a need for periodic assessment of 

antimicrobial activity to determine change 

in susceptibility patterns of this organism.  

Furthermore, 83.33 % of the VGS isolates 

in this present study were resistant to 

trimethoprim-sulphamethoxazole. This 

correlates with the study of   Wil´en et al., 

(2009), that reported a 100 % resistance to 

trimethoprim-sulphamethoxazole in VGS 

isolated from throat flora in Kampala, 

Uganda. Buwembo et al., (2012) reported a 

low level resistance to trimethoprim-

sulphamethoxazole (15.5%) in VGS 

isolates from oral flora found in Uganda. 

Multidrug resistance (MDR) was observed 

in 100 % of the VGS isolated in this study. 

The most common pattern of MDR seen in 

this present study, was  co-resistance with 

β-lactam, macrolide, tetracycline and 

trimethoprim-sulphamethoxazole. The rate 

of MDR in VGS observed in this study was 

higher than that reported by Dhotre et al., 

(2015), who reported that  11% of  VGS  

isolates from patients undergoing tooth 

extraction in India were resistant to as many 

as eight antimicrobials. William et al., 

(2012) also showed in their study that  14%  

of the VGS isolates were resistant to more 

than two antibiotics. Morva et al., (2021),  

reported MDR rate of 7.8% in oral VGS 

from children at risk of infective 

endocarditis.  

CONCLUSIONS: this study has 

confirmed the growing rate of VGS to β-

lactam antibiotics and the emerging 

multidrug resistance VGS that might serve 

as a reservoir for resistance traits, that could 

be transferred to more pathogenic 

organisms. Co-resistance with a number of 

antibiotics were also observed. Imipenem, 

vancomycin and clindamycin remains the 

drug of choice for the treatment of 

infections caused by this group of 

organism. 
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