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Abstract

Background. Streptococcus pneumoniae, a prominent human pathogen linked to various systemic diseases, includes non-
typeable pneumococci marked by the absence of a detectable capsule. However, the majority of invasive infections are attrib-
uted to encapsulated strains. This case report details the first documented instance of invasive disease caused by non-typeable
S. pneumoniae in Argentina since 2017.

Case Presentation. A 19-year-old woman presented with haemorrhagic injuries attributed to chronic oral mucosa irritation.
Subsequent hospitalization revealed bone marrow aplasia, leading to antibiotic, antifungal, antiviral, and immunosuppressive
treatments, culminating in her discharge. Two weeks later, she was readmitted with sepsis related to a respiratory focus,
exhibiting a negative COVID-PCR test. After ten days, ICU admission revealed additional infections: positive COVID-PCR test,
fungal sinusitis, and S. pneumoniae bacteremia. Targeted treatments led to improvement, and the patient was subsequently
discharged.

S. pneumoniae characterization. Verification of the capsule’'s absence utilized traditional methods such as the Quellung reac-
tion, transmission electron microscopy, molecular assays, and Whole Genome Sequencing (WGS). The isolate, identified as
ST18335, displayed genetic features and antibiotic resistance patterns, concordant between WGS and the agar dilution method.
It demonstrated non-susceptibility to penicillin and cefotaxime, based on meningitis breakpoints, as well as meropenem and
cotrimoxazole.

Conclusion. This case underscores the clinical significance of non-typeable S. pneumoniae, emphasizing the necessity for a
comprehensive approach to identification and characterization. The findings contribute to ongoing discussions regarding the
challenges posed by non-typeable strains in vaccine development, understanding clinical impacts, and addressing antibiotic
resistance. As the pneumococcal epidemiological landscape evolves, this case serves as a valuable addition to the evolving
knowledge surrounding non-typeable S. pneumoniae, highlighting the continued need for surveillance and research in infec-
tious diseases.

DATA SUMMARY

The whole-genome sequence data generated for this study are available in the European Nucleotide Archive (ENA), and
the accession number is ERR12137906.
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INTRODUCTION

Streptococcus pneumoniae, commonly referred to as pneumococcus, holds global significance as a human pathogen, playing a pivotal
role in the occurrence of systemic diseases [1, 2]. Culture-based methods for identification typically rely on characteristics such as
morphology, bile solubility, optochin susceptibility, and the Quellung reaction [3]. However, exceptions exist, including optochin-
resistant pneumococci [4, 5], bile-insoluble strains [6], and those lacking a specific Quellung reaction agglutination due to the absence
of a capsule [7, 8]. This latter group is commonly referred to as non-typeable (NT) pneumococci and is frequently encountered in
colonization [9]. However, NT strains are seen infrequently in diseases such as conjunctivitis (including large outbreaks) [10, 11],
acute otitis media [12], acute exacerbations in patients with chronic obstructive pulmonary disease [13], and more recently, invasive
diseases [14].

We described the first NT S. pneumoniae causing invasive pneumococcal disease in Argentina since 2017, with a full profile study
of this isolate, involving three different approaches: traditional characterization, molecular characterization and Whole Genome
Sequencing (WGS).

CASE REPORT

A 19-year-old woman with a medical history of delayed maturation and epilepsy was brought to the emergency room (ER) at Hospital
Municipal de Agudos Dr. Leénidas Lucero in Bahia Blanca, Buenos Aires, Argentina. On admission she had multiple haemorrhagic
injuries of twelve hours of evolution, due to a chronic irritation in the oral mucosa known as ‘Morsicatio buccarum. Laboratory tests
revealed a classic pancytopenia, evidenced by haemoglobin 9.4 g dI"!, hematocrit 28%, white blood cell counts 0.70 mm and platelets
9.000 mm*. Results for tests detecting human immunodeficiency virus, hepatitis viruses, herpes simplex viruses (HSV-1 and HSV-2),
cytomegalovirus (CMV), syphilis, and enterovirus were all negative.

The patient was admitted to the hospital and had a bone marrow examination that revealed a severe bone marrow aplasia.
Considering the patient’s compromised immune system and clinical presentation, the medical team in the emergency room
opted to initiate treatment with cephazolin, gentamicin, acyclovir, nystatin, and fluconazole. Five days later, the patient started
immunosuppressive treatment involving cyclosporine and thymoglobulin. An allogeneic transplant was requested, but the major
histocompatibility (MHC) complex compatibility test performed on her two brothers turned out to be not compatible. Four days
later the patient was discharged.

Two weeks later, the patient was readmitted to the ER due to a sepsis associated to a respiratory focus, and empiric treatment
with ceftazidime and amikacin was initiated. She was transfused with red cells and platelets and COVID-PCR test was negative.

Day 10, the patient was admitted to the Intensive Care Unit and several microbiological cultures were performed, included urine
culture and carbapenem-resistant Enterobacterales (CRE) perianal swabs surveillance culture, all of which were negative. Two
days later, the patient started with odynophagia and productive cough, a COVID-PCR was performed, and it was positive. After
5 days, the patient refers right cervical pain with mastoid involvement and otalgia. A computerized axial tomography (CAT) scan
disclosed complete consolidation in the right maxillary sinus and partial involvement of the ethmoidal sinuses (Fig. 1a). A sample
was collected to investigate a suspected opportunistic infection, revealing the presence of septate hyphae (Fig. 1b). Furthermore,
the diagnosis of sinusitis associated with phaeohyphomycosis was confirmed and treatment with voriconazole was implemented.

Before initiation of antimicrobial treatment, she was blood cultured with a positive result within 24 h. The Gram-stain revealed
Gram-positive diplococcus and empirical treatment with vancomycin and ampicillin sulbactam was started. Preliminary cultures
yielded S. pneumoniae, and the isolate was forwarded to the National Reference Laboratory (NRL) to confirm the identification
and perform capsular serotyping and antimicrobial susceptibility tests.

The patient’s condition improved gradually and 15 days later she was discharged home.
At the present, she is being followed as an outpatient in the general clinics.

The National Reference Laboratory (NRL) verified that isolate 25041 was indeed S. pneumoniae through conventional assessments,
including optochin susceptibility and bile solubility [15].

Isolate characterization

The Quellung reaction is considered the gold standard method for serotyping [16]. With 100 capsular serotypes identified for
S. pneumoniae [17], this technique employs a high-quality microscope and specific pneumococcal antisera (Statens Serum
Institut — Copenhagen, Denmark). The procedure entails testing a pneumococcal cell suspension with both pooled and specific
antisera targeting the capsular polysaccharide. Microscopic observation is used to detect antigen-antibody reactions. A positive
Quellung reaction indicates the binding of pneumococcal capsular polysaccharide with type-specific antibodies found in the
typing antiserum.
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Fig. 1. (a) The Computerized Axial Tomography (CAT) scan exhibited a consolidation in the right maxillary sinus and notable thickening of the mucosa in
both the left maxillary and sphenoid sinuses. (b) Microscopic examination of Bipolaris spp. microculture (lactophenol blue stain, 400x) and microculture
on sabouraud agar.

While optochin susceptibility, bile solubility, and Quellung testing serve as the established standards for the identification and
serotyping of pneumococci, atypical pneumococci often yield inconsistent results [18]. Non-typeable S. pneumoniae refers to
isolates that fail identification using capsular polysaccharide typing sera. These non-typeable pneumococci can be categorized
into isolates lacking capsule genes, those possessing capsule genes but displaying a phenotypic lack of encapsulation, and those
exhibiting a phenotypic resemblance to S. pneumoniae but with genetic distinctions from typical pneumococci [19].

In our case, the isolate did not react with any of the pools described (Fig. 2a), therefore in order to realize a full analysis
of the isolate, a molecular approach was applied. Confirmation of S. pneumoniae identification was performed through
several specific assays. Firstly, a conventional PCR targeting the lytA gene [20] was conducted, yielding a positive result
(Fig. 2a). The positive lytA assay, along with the characteristic responses in optochin susceptibility and bile solubility (as mentioned
before), collectively confirmed the accurate identification of the isolate as S. pneumoniae.

Early genetic investigations [21] revealed the tight linkage of S. pneumoniae genes essential for the biosynthesis and expression of
capsular polysaccharide (CPS) to the pneumococcal chromosome. In order to validate the existence of capsular polysaccharide in
our isolate, we performed a cpsA PCR [22], specifically targeting a highly conserved gene present in all capsular loci. The result
was negative (Fig. 2b).

It is important to underscore that a negative cpsA result does not definitively indicate a non-serotypable isolate. Absence of the
cpsA band has been observed during PCR serotyping of some isolates, mainly serotypes 25 and 38 [23], and occasionally serotypes
14 [24] and 35A. Therefore, caution should be exercised when interpreting the absence of cpsA amplification as an indication of
non-serotypeability. In light of this, we proceeded with Whole Genome Sequencing (WGS) to further investigate whether the
isolate belonged to a NT-Spn or if a new serotype was involved.
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Transmission electron microscopy
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Fig. 2. (a) Quellung's reaction: isolate 25041, classified as NT-Spn, exhibited no reactivity in any of the anti-serum tests. In contrast, isolate 26378,
identified as S. pneumoniae serotype 3 (positive control), yielded a positive reaction with the specific anti-serum. (b) Gel electrophoresis of S.
pneumoniae-specific PCR products targeting the 295bp [ytA gene. Lane 1: negative control; lane 2: isolate 25041 NT-Spn; lane 3: isolate 26378S.
pneumoniae serotype 3. And 160bp cpsA gene Lane 1: negative control; lane 2: isolate 25041 NT-Spn; lane 3: isolate 26378 S. pneumoniae serotype 3.
(c) Negative stain (phosphotungstic acid). On the left the Isolate 25041 NT-Spn demonstrates loss of the capsule compared with the image on the right,
isolate 26378 S. pneumoniae serotype 3, with the polysaccharide capsule surrounding the cell of the pneumococcal isolate.

Principle of the Quellung reaction

The Quellung reaction operates on the principle of anticapsular antibodies within the serum interacting with the carbohydrate
material of the pneumococcal capsule. This interaction induces a microprecipitin reaction on the surface of S. pneumoniae.

The resultant antigen-antibody reaction causes a refractive index change in the capsule, rendering it visibly ‘swollen’ and
distinct.

Following the introduction of a counterstain (methylene blue), pneumococcal cells become dark blue, enclosed by a well-defined halo
representing the outer boundary of the capsule (Fig. 2a). The transmitted light through the capsule appears brighter compared to both

the pneumococcal cell and the background. Positive Quellung reactions may be observed in single cells, pairs, chains, or clumps of
cells.

Upon identifying an isolate as a pneumococcus, sequential testing with antisera pools is conducted until a positive reaction occurs.
Each pool of antiserum comprises various mixtures of antisera developed against 100 pneumococcal serotypes. Once the pool is
established, individual type and group antisera included in the reactive pool are tested sequentially. Type antisera typically react
with a single serotype (e.g. type three antiserum reacts with serotype three), while group antisera react with all serotypes within
a specific group (e.g. group 24 antiserum reacts with serotypes 24A, 24B and 24F). Further differentiation of some serotypes

within groups is achieved using factor antisera (e.g. serotype 24A reacts with factor 24d, but not 24c or 24e). Testing continues
with all relevant factor antisera until the serotype is conclusively determined [25, 26].
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Species identification, multi locus sequence typing (MLST) and and in silico serotyping through whole-
genome sequencing (WGS) analysis

The strain underwent sequencing at the ‘Unidad Operativa, Centro Nacional de Gendmica y Bioinformatica, ANLIS Dr. Carlos G.
Malbran’ using the Nextera XT DNA Sample Prep Kit (Illumina, San Diego, CA, United States) on a MiSeq sequencer, producing
250bp paired-end reads. The raw data have been submitted to the European Nucleotide Archive (ENA), and the accession number
is ERR12137906. The reads quality was evaluated with FastQC. Label taxonomic was carried out with Kraken two, to confirm
the species identification [27]. Kraken 2.0 confidently classified approximately 82% of sequences as Streptococcus pneumoniae
species, while only 3.28% were attributed to the Streptococcus mitis group.

Unicycler Galaxy version 0.4.8.0 was employed for de novo assembly, and genome annotation was executed using Prokka Galaxy
version 1.14.6. The search for IytA and cpsA was conducted using JBrowse.

The assembly was uploaded to Pathogenwatch [28] which assigns serotype by Seroba [29], GPSC by PopPUNK [30] and reports
the MLST profile and the inferred resistance genotype. The isolate was ST18335 and the results of Pathogenwatch report are
shown in Table 1.

Transmission electron microscopy

Negative staining with phosphotungstic acid was employed to visualize and characterize the ultrastructure of the isolate [31].
Briefly, carbon-coated copper grids were first treated with a solution 1% (w/v) of Alcian Blue to enhance hydrophilicity. A small
drop of the sample inactivated by incubation with 2% paraformaldehyde in buffer for 30 min at 25°C followed by an additional
30 min at 37°C was then applied to the grid surface and left to adsorb for ten minutes. Excess liquid was gently blotted with filter
paper, avoiding grid damage. Subsequently, a 2% aqueous solution of phosphotungstic acid was applied as the negative stain for
30s. The excess stain was carefully removed, and the grid was left to air-dry at room temperature. Then, the specimens were exam-
ined under a transmission electron microscope at an appropriate accelerating voltage. Negative staining with phosphotungstic acid
provided high contrast images, enabling the visualization of fine structural details of the samples at the nanometer scale (Fig. 2¢).

Antimicrobial analysis

We were intrigued by the potential role of NT-Spn as reservoirs of antibiotic resistance, prompting us to assess the resistance
profiles of the strains against a panel of 14 antibiotics.

Antimicrobial susceptibility testing was conducted using the agar dilution method for penicillin, amoxicillin, cefotaxime,
meropenem, ceftaroline, ceftobiprole, erythromycin, tetracycline, doxycycline, chloramphenicol, cotrimoxazole, levofloxacin,
rifampicin, and vancomycin, following CLSI guidelines [32, 33]. Penicillin resistance was defined as a minimum inhibitory
concentration (MIC) of 20.12 pgml ™, in accordance with the meningitis breakpoint. For cefotaxime, intermediate and resistant
categories were designated at MIC values of 1 and >2 pg ml™, respectively. Ceftobiprole interpretation followed EUCAST break-
points: S (susceptible) <0.5pgml™; R (resistant) 21 ugml™. Strains of S. pneumoniae ATCC 49619 and Staphylococcus aureus
ATCC 29213 served as quality control organisms.

Table 2 displays the minimum inhibitory concentrations (MICs) obtained through the agar dilution method as well as
MICs to B-lactam agents inferred from WGS according to the PBP (Penicillin-Binding Protein) profile, which in this isolate
was PBPla=34, PBP2b=16, and PBP2x=new. Resistance to cotrimoxazole was inferred by folP indels and folA I1100L and
susceptibility to the other antibiotics by the absence of specific genes. A complete correlation was observed in all the
cases.

Table 1. WGS analysis

Method Result
Genes by WGS

IytA Present

cpsA Absent
Kraken 2.0 82% S. pneumoniae
SeroBA Swiss_NT
PopPUNK GPSC not assigned
MLST ST18335
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Table 2. Susceptibility profile by agar dilution method and inferred from WGS data

Reference agar dillution method WGS analysis
Antimicrobial agent MIC (ug ml™) Interpretation Inferred MIC (ug ml™') Interpretation
Amoxicillin 1.0 S 2.0 S
(Meningitis breakpoint)
Penicillin 1.0 R 2.0 R
(Meningitis breakpoint)
Cefotaxime 1.0 1 1.0 I
(Meningitis breakpoint)
Ceftaroline 0.12 S NA NA
Ceftobiprole 0.25 S NA NA
Meropenem 0.5 1 0.5 1
Cotrimoxazole 8.0 R NA R
Erythromycin 0.06 N NA S
Tetracycline 1.0 N NA S
Doxycycline 0.25 S NA S
Levofloxacin 2.0 S NA S
Chloramphenicol 2.0 S NA S
Rifampicin 0.03 S NA NA
Vancomicin 0.5 S NA NA

I, intermediate; NA, not available; R, resistant; S, susceptible.

In summary, the examined isolate showcased resistance to penicillin and cotrimoxazole, while demonstrating interme-
diate resistance to cefotaxime. Conversely, susceptibility was observed in relation to the other antibiotics subjected to
testing.

DISCUSSION

S. pneumoniae stands as a noteworthy human pathogen, responsible for various infectious diseases, including pneumonia, otitis
media, meningitis, and septicemia. It has traditionally been categorized into serotypes based on capsule diversity. However, some
isolates lack a detectable capsule, making them non-typeable (NT-Spn). The emergence of NT-Spn poses concerns for vaccine
strategies, pathogenicity, and antibiotic resistance patterns.

A notable rarity in this case was a bloodstream infection caused by NT-Spn. The capsule is believed crucial for evading immu-
nological recognition and rapid clearance from the bloodstream [34].

While the phenomenon of NT-Spn was reported decades ago [35], recent advancements in molecular typing techniques have
brought it renewed attention. NT strains have been observed in carriage studies and disease scenarios, underlining their clinical
relevance. The absence of a capsule in these strains could be due to the loss or alteration of the capsule locus, typically located in
the pneumococcal genome, or the presence of novel capsule types unaccounted for by current typing methods.

The emergence of NT-Spn prompts critical questions. Firstly, the clinical implications of NT strains need thorough investigation.
Studies by Keller et al. suggest NT pneumococci may be less susceptible to immune recognition [36], potentially enhancing
their ability to evade host defences. This could impact disease outcomes, transmission dynamics, and colonization. Additionally,
the effectiveness of current pneumococcal vaccines against NT strains is unclear, as these vaccines target specific capsule types.
Understanding if NT strains contribute to vaccine failures is vital for vaccine development and implementation.

The rising prevalence of antibiotic resistance among pneumococcal isolates has raised concerns about the potential association
between NT S. pneumoniae and antibiotic resistance [37]. However, the resistance profile of the isolate studied did not differ from
S. pneumoniae isolated from invasive disease in Argentina.

Addressing knowledge gaps regarding NT S. pneumoniae requires collaborative efforts among researchers, clinicians, and public
health agencies. Comprehensive genomic studies are needed to elucidate the genetic mechanisms behind capsule loss and identify
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potential virulence factors unique to NT strains [38]. Moreover, extensive epidemiological investigations are essential to ascertain
the prevalence and clinical significance of non-typeable pneumococci across diverse settings.

Our analysis demonstrated consistent lytA presence and cpsA absence between conventional PCR and WGS. These findings affirm
the accurate identification of our strain as Streptococcus pneumoniae. However, SeroBA and PopPUNK did not yield predictions
regarding serotype or GPSC (https://www.pneumogen.net/gps/assigningGPSCs.html), respectively. Regarding the MLST profile,
the PubMLST website did not yield an exact match and a novel ST18335 was assigned. The closest ST identified was ST1156, a
double locus variant (DLV) described in three non-typeable isolates from Portugal nearly twenty years ago [39].

Summarizing, we present a clinical case of an immunocompromised patient who experienced a COVID-19 infection along with
two opportunistic infections: a fungal rhinosinusitis and an invasive infection by a non-typable S. pneumoniae strain. From a
clinical perspective, it is crucial to acknowledge the potential limitations of the initial treatment for oral mucosal irritation. While
the initial administration of cefazolin, gentamicin, acyclovir, nystatin, and fluconazole may appear broad in addressing oral
mucosal issues, the laboratory results revealing the patient’s immunocompromised condition and the complex clinical presenta-
tion necessitated a more comprehensive approach. This approach was implemented by the medical team in the emergency room,
assuming that they considered mucosal irritation as a potential infectious focus within the context of the patient’s compromised
immune system. The goal of this approach is to effectively address potential bacterial, fungal, and viral infections associated with
her bone marrow aplasia.

Moving forward, from a microbiological point of view, we successfully confirmed the identity of the strain and the absence
of its polysaccharide capsule through a combination of phenotypic, molecular tests, transmission electron microscopy, and
whole-genome analysis. This case illustrates the value of whole-genome analysis for a strain that could not be serotyped using the
Quellung reaction, allowing us to determine it was a non-capsulated strain rather than a new serotype or a serotype that was not
expressing its capsule. Non-typeable S. pneumoniae is an emerging topic in infectious diseases. The increasing recognition of NT
strains emphasizes the need for comprehensive research to understand their clinical significance, impact on vaccine strategies,
and antibiotic resistance patterns. With the evolving pneumococcal epidemiology, vigilant monitoring of NT S. pneumoniae is
crucial for developing effective public health interventions against pneumococcal infections.

Funding information
This work received no specific grant from any funding agency.

Acknowledgements
We want to express our gratitude to Fabian Herrera at Centro de Educacidén Médica e Investigaciones Clinicas (CEMIC). His invaluable opinions and
suggestions were essential in finalizing the writing of this manuscript

Author contributions

J.Z.: Data curation, Methodology, Conceptualization, Writing — original draft, Writing — review & editing. N.S.E.: Data curation, Methodology, Conceptual-
ization, Writing — original draft Writing — review & editing. C.M.: Investigation, Writing — review & editing. D.P.: Investigation, Writing — review & editing.
P.G.: Methodology, Conceptualization, Writing - review & editing. M.M.: Methodology. A.L.; Methodology, Writing — review & editing. Claudia Lara: Writing
—review & editing. A.C.: Supervision, Writing — review & editing.

Conflicts of interest
The authors declare that there are no conflicts of interest.

Consent to publish
Consent to publish has been obtained.

References 6. Obregdn V, Garcia P, Garcia E, Fenoll A, Lépez R, et al. Molecular

1. Blasi F, Mantero M, Santus P, Tarsia P. Understanding the burden

of pneumococcal disease in adults. Clin Microbiol Infect 2012;18
Suppl 5:7-14.

O'Brien KL, Wolfson LJ, Watt JP, Henkle E, Deloria-Knoll M,
et al. Burden of disease caused by Streptococcus pneumoniae
in children younger than 5 years: global estimates. Lancet
2009;374:893-902.

Ruoff KL, Whiley RA, Beighton D. Streptococcus. In: Murray PR,
Baron EJ, Jorgensen JH, Pfaller MA and Yolken RH (eds). Manual
of Clinical Microbiology, 8th edn. Washington D.C: ASM Press;
2003.

Munoz R, Fenoll A, Vicioso D, Casal J. Optochin-resistant vari-
ants of Streptococcus pneumoniae. Diagn Microbiol Infect Dis
1990;13:63-66.

Nunes S, Sa-Ledo R, de Lencastre H. Optochin resistance among

Streptococcus pneumoniae strains colonizing healthy children in
Portugal. J Clin Microbiol 2008;46:321-324.

peculiarities of the lytA gene isolated from clinical pneumococcal
strains that are bile insoluble. J Clin Microbiol 2002;40:2545-2554.

S4-Ledo R, Simodes AS, Nunes S, Sousa NG, Frazdo N, et al.
|dentification, prevalence and population structure of non-
typable Streptococcus pneumoniae in carriage samples isolated
from preschoolers attending day-care centres. Microbiology
2006;152:367-376.

Hathaway LJ, Stutzmann Meier P, Battig P, Aebi S, Miihlemann K.
A homologue of aliB is found in the capsule region of nonencapsu-
lated Streptococcus pneumoniae. J Bacteriol 2004;186:3721-3729.

Simoes AS, Valente C, de Lencastre H, Sa-Ledo R. Rapid identifica-
tion of noncapsulated Streptococcus pneumoniae in nasopharyngeal
samples allowing detection of co-colonization and reevaluation of
prevalence. Diagn Microbiol Infect Dis 2011;71:208-216.

Berrén S, Fenoll A, Ortega M, Arellano N, Casal J. Analysis of the
genetic structure of nontypeable pneumococcal strains isolated
from conjunctiva. J Clin Microbiol 2005;43:1694-1698.


https://www.pneumogen.net/gps/assigningGPSCs.html

Zintgraff et al., Access Microbiology 2024;6:000743.v3

20.

21.

22.

23.

24,

. Martin M, Turco JH, Zegans ME, Facklam RR, Sodha S, et al. An

outbreak of conjunctivitis due to atypical Streptococcus pneumo-
niae. N Engl J Med 2003;348:1112-1121.

Xu Q, Kaur R, Casey JR, Sabharwal V, Pelton S, et al. Nontype-
able Streptococcus pneumoniae as an otopathogen. Diagn Microbiol
Infect Dis 2011;69:200-204.

Domenech A, Ardanuy C, Calatayud L, Santos S, Tubau F, et al. Sero-
types and genotypes of Streptococcus pneumoniae causing pneu-
monia and acute exacerbations in patients with chronic obstructive
pulmonary disease. J Antimicrob Chemother 2011;66:487-493.

Scott JR, Hinds J, Gould KA, Millar EV, Reid R, et al. Nontypeable
pneumococcal isolates among Navajo and white mountain apache
communities: are these really a cause of invasive disease? J Infect
Dis 2012;206:73-80.

Chandler LJ, Reisner BS, Woods GL, Jafri AK. Comparison of four
methods for identifying Streptococcus pneumoniae. Diagn Microbiol
Infect Dis 2000;37:285-287.

Austrian R. The quellung reaction, a neglected microbiologic tech-
nique. Mt Sinai J Med 1976;43:699-709.

Ganaie F, Saad JS, McGee L, van Tonder AJ, Bentley SD, et al.
A new pneumococcal capsule type, 10D, is the 100th serotype
and has a large cps fragment from an oral streptococcus. mBio
2020;11:e00937-20.

Whatmore AM, Efstratiou A, Pickerill AP, Broughton K, Woodard G,
et al. Genetic relationships between clinical isolates of Strepto-
coccus pneumoniae, Streptococcus oralis, and Streptococcus mitis:
characterization of “Atypical” pneumococci and organisms allied to
S. mitis harboring S. pneumoniae virulence factor-encoding genes.
Infect Immun 2000;68:1374-1382.

Hanage WP, Kaijalainen T, Saukkoriipi A, Rickcord JL, Spratt BG.
A successful, diverse disease-associated lineage of nontypeable
pneumococci that has lost the capsular biosynthesis locus. J Clin
Microbiol 2006;44:743-749.

Carvalho M da GS, Tondella ML, McCaustland K, Weidlich L,
McGeel, etal.Evaluation and improvement of real-time PCR assays
targeting lytA, ply, and psaA genes for detection of pneumococcal
DNA. J Clin Microbiol 2007;45:2460-2466.

Austrian R, Bernheimer HP, Smith EEB, Mills GT. Simultaneous
production of two capsular polysaccharides by pneumococcus.
IIl. The genetic and biochemical bases of binary capsulation. J Exp
Med 1959;110:585-602.

Brito DA, Ramirez M, de Lencastre H. Serotyping Streptococcus
pneumoniae by multiplex PCR. J Clin Microbiol 2003;41:2378-2384.

Tanmoy AM, Saha S, Darmstadt GL, Whitney CG, Saha SK. PCR-
based serotyping of Streptococcus pneumoniae from culture-
negative specimens: novel primers for detection of serotypes
within serogroup 18. J Clin Microbiol 2016;54:2178-2181.

da Gloria Carvalho M, Pimenta FC, Jackson D, Roundtree A,
Ahmad Y, et al. Revisiting pneumococcal carriage by use of broth

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

enrichment and PCR techniques for enhanced detection of carriage
and serotypes. J Clin Microbiol 2010;48:1611-1618.

Sgrensen UB. Typing of pneumococci by using 12 pooled antisera.
J Clin Microbiol 1993;31:2097-2100.

SSI Diagnostica: Key to pneumococcal factor antisera; 2013.
https://ssidiagnostica.com/ [accessed 22 January 2024].

Wood DE, Lu J, Langmead B. Improved metagenomic analysis with
Kraken 2. Genome Biol 2019;20:257.

Centre for Genomic Pathogen Surveillance; 2019. https://cgps.
gitbook.io/pathogenwatch/

Epping L, van Tonder AJ, Gladstone RAThe Global Pneumococcal
Sequencing ConsortiumBentley SD, et al. SeroBA: rapid high-
throughput serotyping of Streptococcus pneumoniae from whole
genome sequence data. Microb Genom 2018;4:e000186.

Lees JA, Harris SR, Tonkin-Hill G, Gladstone RA, Lo SW, et al.
Fast and flexible bacterial genomic epidemiology with PopPUNK.
Genome Res 2019;29:304-316.

Laue M, Bannert N. Detection limit of negative staining electron
microscopy for the diagnosis of bioterrorism-related micro-
organisms. J Appl Microbiol 2010;109:1159-1168.

CLSI. Performance Standards for Antimicrobial Susceptibility Testing.
32th. edn. Wayne, PA: Clinical and Laboratory Standards Institute;
2022.

CLSI. Methods for Dilution Antimicrobial Susceptibility Tests for
Bacteria That Grow Aerobically M07-A9. Approved Standard, Ninth
edn. 2012.

Sousa NG, Sa-Ledo R, Criséstomo MI, Simas C, Nunes S, et al.
Properties of novel international drug-resistant pneumococcal
clones identified in day-care centers of Lisbon, Portugal. J Clin
Microbiol 2005;43:4696-4703.

Scott JR, Hinds J, Gould KA, Millar EV, Reid R, et al. Nontypeable
pneumococcal isolates among Navajo and white mountain apache
communities: are these really a cause of invasive disease? J Infect
Dis 2012;206:73-80.

Keller LE, Robinson DA, McDaniel LS. Nonencapsulated Strep-
tococcus pneumoniae: emergence and pathogenesis. mBio
2016;7:€01792.

Rodriguez C. Prevalence and clinical impact of non-typeable
Streptococcus pneumoniae in pediatric pneumonia. Ped Infect
Dis J 2021;40:e80-e85.

Johnson B. Genomic characterization of non-typeable Strepto-
coccus pneumoniae strains reveals distinct virulence factors.
PLoS One 2020;15:e0235678.

Hilty M, Wiithrich D, Salter SJ, Engel H, Campbell S, et al. Global
phylogenomic analysis of nonencapsulated Streptococcus
pneumoniae reveals a deep-branching classic lineage that
is distinct from multiple sporadic lineages. Genome Biol Evol
2014;6:3281-3294.

The Microbiology Society is a membership charity and not-for-profit publisher.

Your submissions to our titles support the community — ensuring that
we continue to provide events, grants and professional development for
microbiologists at all career stages.

Find out more and submit your article at microbiologyresearch.org



https://ssidiagnostica.com/
https://cgps.gitbook.io/pathogenwatch/
https://cgps.gitbook.io/pathogenwatch/

	Beneath the surface: a case report on nonencapsulated ﻿Streptococcus pneumoniae﻿-­associated invasive disease in an immunocompromised patient
	Abstract
	Data Summary
	Introduction
	Case report
	Isolate characterization
	Principle of the Quellung reaction
	Species identification, multi locus sequence typing (MLST) and and ﻿in silico﻿ serotyping through ﻿whole-genome sequencing﻿ (WGS) analysis﻿﻿
	Transmission electron microscopy﻿﻿
	Antimicrobial analysis﻿﻿

	Discussion
	References


