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ABSTRACT

Accurate identification of Mitis group streptococci especially Streptococcus pneumoniae and Strepto-
coccus pseudopneumoniae seems difficult due to the lack of specific and sensitive tests. We performed an
approach for the identification of atypical pneumococci in pediatric Tunisian population. In this study,
49 streptococcal isolates that were considered as atypical S. pneumoniae were analyzed by: optochin
susceptibility in ambient and 5% CO2 atmosphere, oxgall disk sensitivity, PCR targeting several genes
and antimicrobial susceptibility.

The combined results of biochemical and molecular methods showed the presence of 23 S. pneu-
moniae, 7 S. pseudopneumoniae, and 19 other mitis group. Among S. pseudopneumoniae, all isolates
were collected from respiratory tract samples and showed a high level of resistance to β-lactams with a
MIC90 of 32 mg L�1. Two isolates of S. pseudopneumoniae showed the typical phenotype of optochin
resistance described in the literature. All isolates could be identified only by molecular tests. Among
Streptococcus pneumonaie, all strains harbored the lytA gene and the Spn9802 fragment. But only 14
strains were encapsulated.

This study describes several assays for the identification of atypical pneumococci in order to gain
insights on the nature of isolate and raise alert about the presence of these strains in the pediatric
Tunisian community.
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INTRODUCTION

The group mitis of streptococci includes many related species such as Streptococcus pneu-
moniae (pneumococci), Streptococcus pseudopneumoniae, Streptococcus mitis, Streptococcus
oralis, which differ in their pathogenic potential [1]. Among this group, Streptococcus
pneumoniae remains the most virulent one and the leading cause of invasive and non-
invasive bacterial infections among children worldwide [2]. Pneumococci is responsible of
community-acquired pneumonia, meningitis, and bacteremia and is the most common cause
of otitis media in infants and young children [3]. The daily identification of S. pneumoniae in
the routine laboratory diagnostic relies on two features: solubility in bile (sodium deoxy-
cholate), susceptibility to optochin upon 5% CO2 additionally to phenotypic characteristics
such as colony morphology and α-hemolysis on blood agar [4]. This pathogen is pheno-
typically closely related to S. pseudopneumoniae and they have some similar features [5].
Moreover, it has been reported in the literature atypical strains of S. pneumoniae which could
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be optochin resistant for example [6, 7]. The first description
of S. pseudopneumoniae was derived from isolate pre-
sumptively identified as S. pneumoniae. Its biochemical
characteristics were slightly different from S. pneumoniae.
Indeed, S. pseudopneumoniae lacks the pneumococcal
capsule and is susceptible to optochin when incubated in
ambient air but is resistant to it when incubated upon CO2

atmosphere. Yet, the most specific test is the lack of solu-
bility in bile for S. pseudopneumonaie [8]. All S. pseu-
dopneumoniae strains described have been isolated from
lower respiratory tract samples [9]. The clinical impact and
pathogenic potential of this organism has not been clearly
identified except in few studies that were performed on
mouse models [10].

Phenotypic tests are often insufficient to distinguish
between related species. So, molecular methods are recom-
mended [11]. Several genes have been used to detect
S. pneumoniae by a real-time PCR assay including genes
encoding the pneumococcal surface protein A (pspA), the
virulence factors pneumolysin (ply), autolysin (lytA), the
DNA fragment Spn9802 of unknown function and the iron
uptake ABC transporter lipoprotein PiaA gene [12–15].
Among these targets the Spn9802 detects both Streptococcus
pneuoniae and S. pseudopneumoniae but not S. mitis and
S. oralis, whereas the lytA and piaA allows detection of
only S. pneumoniae [14]. Otherwise, PCR targeting the
capsular polysaccharide biosynthesis gene A (cpsA) specific
of capsular S. pneumoniae was also used [16].

The aim of this Study is to differentiate S. pneumoniae
from S. pseudopneumoniae and other mitis group species
(MGS) in a collection of isolates identified as atypical
pneumococci in pediatric population. We have combined a
real time PCR targeting several genes with phenotypic assays
in order to gain insights on the nature of such isolate.

MATERIALS AND METHODS

Bacterial isolates

We carried out an observational retrospective study of 49
non-duplicate streptococcal isolates that were considered as
atypical S. pneumoniae. They were either non soluble in bile,
optochin resistant and/or with a high level of resistance to
beta lactams mainly third generation cephalosporins. These
isolates were collected between June 2002 and December
2018, at the Children’s Hospital of Tunis (Tunisia). Non-
invasive isolates were recovered from clinical specimens
such as sputum, tracheal aspirates, and ear exudates. Inva-
sive isolates were obtained from clinical specimens from
sterile sites (blood). Isolates were stored at �80 8C for
further investigations.

Bacterial identification

Pneumococcal identification was based on macroscopic
appearance of colonies, microscopic examination (Gram
staining), optochin susceptibility and bile solubility tests.

Optochin susceptibility testing. The optochin susceptibil-
ity test was performed by overnight incubation of the
isolate on blood agar plates with optochin tablets of 9 mm
(bioMérieux, France) in 5% CO2 and O2 atmospheres.
Optochin susceptibility was defined as a diameter zone of
≥15 mm.

Bile solubility testing. This test was performed by the in-
cubation of isolates overnight on blood agar plates with
oxgall disks containing 1,000 μg oxgall (Rosco Diagnostica,
Denmark) in a CO2 atmosphere. Solubility was defined as a
diameter zone of ≥19 mm, a diameter zone of ≤17 mm
indicated the growth of a microorganism that is not soluble
in bile and a diameter zone of 18 mm was considered an
ambiguous result [14]. In the last case, the test was repeated
twice.

Antimicrobial susceptibility

The antimicrobial susceptibility of all isolates was deter-
mined by the disk diffusion method according to CASFM-
EUCAST standards (www.sfm-microbiologie.org). The
antibiotics tested were oxacillin, gentamicin, tetracycline,
chloramphenicol, trimethoprim-sulfamethroxazole, eryth-
romycin, vancomycin, teicoplanin and rifampicin.
Minimum inhibitory concentrations (MICs) of penicillin G,
amoxicillin, and cefotaxime were determined by E-test
method (bioMérieux, France). S. pneumoniae ATCC 49619
was used as a quality control strain.

Isolation of bacterial DNA

DNA was extracted and purified from bacterial suspension
using the QIAamp DNA mini kit (Qiagen, Hilden, Ger-
many). The extraction was performed according to the
manufacturer’s instructions.

Real-Time PCR assay targeting CpsA, lytA, Spn9802
and piaA

Detection of bacterial DNA was performed by qPCR using
previously described primers and probes specific for the
gene encoding the major S. pneumoniae autolysin lytA and
fragment of unknown function Spn9802 [14, 17]. The
primers and probe specific for the iron uptake ABC trans-
porter lipoprotein piaA gene were also used [15]. Additional
PCR reaction was elaborated to detect pneumococcal
capsular polysaccharide CpsA gene as previously reported
[18]. qPCRs were performed with simplex reactions in 25 μl
volumes using TaqMan Universal Master Mix (Life Tech-
nologies, UK), 5 μl of DNA as a template plus primers and
probes at 0.2 μM for lytA and Spn9802. For piaA, primers
and probe were used at 0.15 and 0.175 μM respectively.
Thermal cycling was performed in Light Cycler 480II/96
system (Roche Diagnostics, Switzerland) under the following
conditions: an initial incubation step for 2 min at 55 8C,
another step of activation Taq for 15 min at 95 8C followed
by 45 cycles of 15s at 95 8C, and 1 min at 57 8C. Samples
were considered positive when cycle threshold (Ct) values
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were below 35. For each PCR reaction, a positive control
(S. pneumoniae ATCC 49619) and a negative one, were
systematically used.

RESULTS

Biochemical and molecular assays for S. pneumoniae
and S. pseudopneumoniae identification

All isolates were grown on blood agar plates with alpha
hemolysis. Macroscopic examination showed umbilicated
colonies with central depression. They were observed with
Smooth or rough appearance. Gram staining showed a
Gram-positive, lanceolate cocci paired in candle flame or
chains.

The results of real-time PCR assays showed that 23 of
these isolates were S. pneumoniae, seven isolates were
S. pseudopneumoniae and 19 isolates were from other
MGS. For pneumococcal group, all strains harbored the
Spn9802 fragment and LytA gene. While, the PiaA gene
was detected in 65% of cases. Furthermore, 57% of isolates
were encapsulated. The results of PCR showed the
detection of seven S. pseudopneumoniae strains by the
presence of Spn9802 fragment only. About other mitis
groups species, all strains didn’t possess any targeted gene
(Table 1).

For S. pneumoniae isolates, 10 strains were optochin
susceptible in CO2 and O2 atmospheres. The remaining
strains (13/23) were resistant upon CO2 atmosphere. Four
isolates of these were susceptible in O2 atmosphere
(Table 1).

Regarding S. pseudopneumoniae detected in this study,
two strains were optochin resistant upon incubation in CO2

but susceptible in O2. While five isolates showed no
concordant results in optochin sensitivity (Table 1).

The 19 strains of other MGS were either optochin sus-
ceptible or resistant giving the same result in CO2 or O2

(Table 1).

Antibiotic susceptibility results

All S. pseudopneumoniae isolates were sensitive to teicoplanin,
vancomycin and with a low level of resistance to gentamicin.
Two strains were resistant to chloramphenicol and four strains
showed resistance to cotrimoxazole and rifampicin. Resistance
to erythromycin and tetracycline were found in five and three
strains respectively. We found that all S. pseudopneumoniae
had a high level of resistance to penicillin, amoxicillin and
cefotaxime with a MIC90 of 32mg L�1.

All S. pneumoniae isolates were sensitive to teicoplanin,
vancomycin and with a low level of resistance to gentamicin.
One stain was resistant to chloramphenicol. Eighteen strains
were resistant to erythromycin and 17 to cotrimoxazole.
Resistance to tetracycline and rifampicin were detected in 11
and 12 isolates, respectively. Among S. pneumoniae strains,
the high-level of resistance (MIC >2 mg L�1) to amoxicillin
and cefotaxime were 100% and 74% respectively.

Epidemiological characteristics

All alpha hemolytic streptococcal isolates in this study were
collected from hospitalized children all aged below 4 years
(Table 2). All S. pseudopneumoniae strains were isolated
from respiratory samples. While among S. pneumoniae
strains, 2 were isolated from invasive samples (blood) and 21
collected from nonsterile sites (respiratory samples).

DISCUSSION

Identification of S. pneumoniae in routine laboratory is
usually based on phenotypic tests such as Gram staining,

Table 1. Results of biochemical assays compared to the analysis of Spn9802, lytA, PiaA and CpsA PCR results

Number of isolates Oxgall OPT þ CO2 OPT þ O2

Results PCR

InterpretationLYTA Spn 9802 Pia A CpsA

5 NS S S þ þ þ þ S. pneumoniae
1 NS S S þ þ þ – S. pneumoniae
2 NS S S þ þ – þ S. pneumoniae
2 Ambiguous S S þ þ þ þ S. pneumoniae
1 NS R S þ þ þ – S. pneumoniae
2 NS R S þ þ – – S. pneumoniae
1 NS R S þ þ – þ S. pneumoniae
3 NS R R þ þ þ þ S. pneumoniae
3 NS R R þ þ þ – S. pneumoniae
2 NS R R þ þ – – S. pneumoniae
1 NS R R þ þ – þ S. pneumoniae
2 NS R S – þ – – S. pseudopneumoniae
5 NS R R S. pseudopneumoniae
7 NS S S – – – – Non SP/SPP
12 NS R R Non SP/SPP

NS: Not soluble; S: sensitive; R: resistant; Non SP/SPP: Non S. pneumoniae/S. pseudopneumoniae.
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colonies morphology, hemolysis type and optochin resis-
tance. S. pseudopneumoniae is a mischaracterized species of
alpha hemolytic Streptococci that is usually overlooked
during examination especially from sputum samples.

In this study we used biochemical and molecular assays
to characterize 49 atypical S. pneumoniae isolates. We
identified 23 S. pneumoniae isolates and 07 S. pseudopneu-
moniae isolates. The remaining 19 strains were of
other MGS.

Only 10 S. pneumoniae isolates were sensitive to opto-
chin. Indeed, we recovered 13 optR S. pneumoniae strains in
our collection. Mutations in the gene sequence of F0F1 ATP
synthase subunit c have been associated with optochin
resistance in pneumococci in some reports [19, 20].

As previously reported, S. pseudopneumoniae has been
described to be resistant or to have indeterminate suscep-
tibility to optochin when incubated in CO2 but to be
sensitive in O2 atmosphere [1]. In our study, two S. pseu-
dopneumoniae isolates displayed the typical phenotype
whereas 5 isolates showed no concordant results in
optochin sensitivity. In a Spanish study, only 50.8% of
S. pseudopneumoniae isolates demonstrated the typical
optochin phenotype [12].

In our study, all S. pseudopneumoniae isolates were
collected from respiratory samples. The first description
indicated the presence of S. pseudopneumoniae in sputum
samples in patients with lower respiratory tract infection
[21]. Although, its clinical relevance has not been clearly
established. Several studies suggested that S. pseudopneu-
moniae was an opportunistic pathogen involved in respira-
tory tract infections in patients with underlying chronic
diseases such as cystic fibrosis and chronic obstructive pul-
monary disease but also in invasive diseases [12, 22, 23].
This makes this pathogen as a real clinical concern. It was
described that the use of bile-solubility technique is an ac-
curate method to discriminate between S. pneumoniae and
other MGS species, because the increase of optochin resis-
tant pneumococci and optochin susceptible S. mitis [24].
However, all S. pneumoniae isolates identified in our study
were non soluble or considered ambiguous with oxgall disk
method. The misidentification of these isolates is due to the
low sensitivity of this technique. A study in Netherlands

yields results that were not interpretable or ambiguous with
this test [14].

The PCR assay targeting Spn9802, lytA, PiaA and CpsA
was considered the most efficient method to differentiate
S. pseudopneumoniae, S. pneumoniae and other MGS.
Regarding to molecular identification, 14 S. pneumoniae
isolates were encapsulated and 15 harbored the PiaA gene.
All strains harbored the lytA gene and the Spn9802 frag-
ment. Our finding was concordant with those from
Netherlands which found the lytA-specific qPCR more
sensitive than the molecular assay targeting piaA [15]. An
Egyptian study described that all pneumococcal strains
harbored the lytA gene, which was absent in S. pseu-
dopneumoniae and MGS isolates [25]. In addition, Rolo
et al. mentioned the presence of Spn9802 fragment in 72.7%
of nontypeable S. pneumoniae [12]. Recently, a new real-
time PCR assay targeting SP2020 (putative transcriptional
regulator gene) for S. pneumoniae identification was
described [26].

All S. pseudopneumoniae isolates lacked the CpsA, LytA
and PiaA genes while Only Spn9802 fragment was detected
by qPCR. These results have been recorded in previous
studies [12, 14, 25]. The lytA gene has been considered
the main markers to differentiate S. pneumoniae from
S. pseudopneumoniae.

All S. pseudopneumoniae had a high level of resistance to
penicillin, amoxicillin and cefotaxime with a MIC90 of
32 mg L�1. While some studies reported high penicillin
resistance rates in S. pseudopneumoniae (60.7%), no data
was found on the MIC values in this species [12]. S. pseu-
dopneumoniae showed resistance rates of 71%, 43% and 57%
to erythromycin, tetracycline, and trimethoprim-sulfameth-
oxazole, respectively. Several studies have demonstrated that
erythromycin resistance was the most common in S. pseu-
dopneumoniae followed by resistance to tetracycline and
trimethoprim-sulfamethoxazole [20, 21].

We recovered 100% and 74% of S. pneumoniae with
high-level of resistance to amoxicillin and cefotaxime
respectively. The high resistance rates described in our study
has also documented in other ones [27, 28].

In summary, this study reported the biochemical and
molecular methods for S. pseudopneumoniae discrimination
from S. pneumoniae and other streptococci. The isolation of
S. pseudopneumoniae from clinical samples together with
the great percentage of antibiotic resistance observed in the
present study should raise our attention to the clinical
importance of this organism.

In our knowledge, this is the first study in a Tunisian
pediatric population concerning the differentiation of
S. pneumoniae and S. pseudopneumoniae. Despite the small
number of strains included and the monocentric nature of
our study, our results allowed to advance important con-
clusions for our laboratory practice. Overall, the real time
PCR targeting several genes is the gold standard for the
differentiation between S. pneumoniae and S. pseudopneu-
moniae in atypical clinical strains. For laboratory routine
diagnosis, and to better identify atypical strains, it is
important to combine several tests in order to overcome the

Table 2. Epidemiological characteristics of patients with PCR
positive for S. pneumoniae and S. pseudopneumoniae

Item

S. pneumoniae
N 5 23

S. pseudopneumoniae
N 5 7

N N

Age (Months)
Median 3.5 4
Gender
Male 16 3
Female 7 4
Site of samples
Invasive 2 0
Non-invasive 21 7
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shortcomings of phenotypic methods and therefore to have a
valid clinical interpretation of the results. Otherwise, dif-
ferentiation among viridians group streptococcus including
S. pneumoniae and S. pseudopneumoniae can be also con-
ducted using genome sequencing methods or MALDI-TOFF
method.
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