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Abstract: Nose mask is a fomite and its usage was mandatory during the COVID-19 outbreak. Its
effectiveness has been established; however, as a fomite, it can harbor opportunistic respiratory pathogens such
as Streptococcus spp., which could complicate COVID-19 infections. This study profiled Streptococcus species
resident on nose masks obtained from consenting participants. Phenotypic assays and 16S rRNA sequencing
were used to identify Streptococcus spp. resident on the interior and exterior of 100 nose masks analyzed.
Antibiotic resistance (AMR) was determined with disc diffusion and broth microdilution assays. AMR and
virulence makers were profiled with primer-specific PCR amplification. 23% of the analyzed samples had
Streptococcus isolates. The isolates were highly resistant to the antimicrobials, including conventional, last-
resort antibiotics, disinfectants and antiseptics. All the isolates are multidrug resistant with 80-100% levels of
AMR to the 16 antibiotics tested with a Multiple-Antibiotic Resistance index greater than 0.2, indicative of
potential pathogens. The isolates harbored tetB, ermB, pbp2B, pbp2b1 (resistance) and lytA, lytAl, plyl, cbpA, lytA,
pavA (virulence) markers, which might constitute a serious public health risk. Overall, the study emphasizes
the need to assess mask usage and the risks associated with opportunistic pathogens that are resident on
frequently used nose masks in the COVID-19 era.
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Introduction

Infectious pathogens are persistent threats, causing the emergence or recurrence of fatal
infections in different parts of the world. For instance, the SARS-CoV-2 pandemic originated in
China and has been associated with 6,817,478 deaths worldwide as of 4t February 2023 (WHO, 2020).
During disease outbreaks, various public health preventive measures, including nose mask use and
hand hygiene, were implementedto prevent or delay disease occurrence and reduce further
transmission/exposure (Kisling & Das, 2022). Nose mask usage has been described as an effective
protocol (Brooks & Butler, 2021; CDC, 2020), particularly in protecting the user's mouth and nose
from splashes, droplets, and sprays that may include pathobionts (Amin, 2022).

However, reusing and prolonged use of a single mask has become common in many parts
of the world(Chughtai et al., 2019), especially during the COVID-19 pandemic, which could result
in mask contamination. Since COVID-19 spreads via droplets, the continuous and frequent use of
a single mask may lead to the accumulation of respiratory pathogens and be a source of infection
to the wearer. For instance, respiratory microbes, including Streptococcus, Pseudomonas and
Aspergillus spp., were isolated from used nose masks by healthcare personnel (Gund et al., 2021).
Also, metagenomic analysis of nose masks (healthy and chronic pulmonary diseased individuals)
showed antimicrobial resistance genes (mefA, tetM and ermB) (Kennedy et al., 2018), indicating that
respiratory droplets associated with nose mask usagecould facilitate the spread of AMR genes.

Nose mask usage is attributed to moisture retention due to an increase in temperature and could
serve as a breeding ground to support the growth of respiratory microbes (Chughtai et al., 2019;
Monalisa et al., 2017; Roberge et al., 2010). Prolonged mask use among healthcare workers has been
linked to increased microbial load, resulting in skin microbiome dysbiosis and the selection of
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virulent and pathogenic microbes (Teo, 2021; Zhiqing et al., 2018). This presents a threat to public
health, particularly while COVID-19 lingers. This might facilitate exposure to secondary infections,
especially in immunocompromised individuals. Previous studies on the presence of respiratory
microbes on nose masks have been well- studied in healthcare settings (Delanghe et al., 2021;
Zhiqing et al., 2018). However, there is a paucity of data in the community settings; as a result, this
study aimed to profile Streptococcus species from used masks during the COVID-19 era.

Materials and Methods

Study Design and Sample Collection

This was a cross-sectional exploratory study aimed at identifying Streptococcus isolates from used
nose masks. The study was conducted on 100 nose masks collected from students at the
Department of Biochemistry, Cell and Molecular Biology (BCMB), University of Ghana.
Participants consented to participate in this study. The nose masks were collected aseptically in a
sterile Falcon tube and transported to the Molecular Biology Lab at BCMB for analysis. The
Streptococcus pneumoniae strains, NCSP 0129 and NCSP 0130, with established antimicrobial profiles
from AbiMosi Bacterial Culture Library, BCMB, University of Ghana, were used as controls.

Isolation and Presumptive Identification of Streptococcus

The nose masks were aseptically enriched in 25 ml LB broth and incubated (37 °C for 24 h) with
shaking at 225 rpm to dislodge the resident microbes. 10 ul of serially diluted broth culture were
inoculated by spreading on 5% sheep Blood agar plates and incubated at 37 °C for 18-24 h in 5% CO:
(Kebede et al., 2021). Probable Streptococcus isolates, based on the hemolytic properties, were Gram
stained and subjected to a catalase and capsulation test. Briefly, A smear of bacterial culture was
prepared on clean glass slides and allowed to dry. The smear was covered with Crystal violet (1%) for
2 min and washed with copper sulphate solution (20%). The slide was air-dried and examined
microscopically at X100 (oil immersion) magnification to detect the presence or absence of capsules.

Streptococcus Genotyping and 16S rRNA gene Amplification

The DNA of presumptive streptococcal isolates were extracted using Quick-DNA Fungal/Bacterial
Kits (Zymo Research). PCR was performed with a 2720 Thermal Cycler (Applied Biosystems, USA,
California) in a final volume of 25 pl; 12.5 ul of OneTaq 2X master, reverse and forward primers (0.5 pl
each), nuclease-free water (9.5 ul) and template DNA (2 pl). The 165 rRNA and sodA gene were
amplified using the same primer sets and conditions previously described (Chen et al., 2018; Marin
et al.,, 2017). Also, resistance (tet(B), erm(B)) and virulence markers (pbp2b, pbp2bl, IytA, lytAl,
plyl, cbpA, pavA) of the isolated Streptococcus species were determined using primer and PCR
conditions. Amplified products were resolved on 1.5 % agarose gel stained with ethidium bromide
and run at 100 V for 45 min AND visualized with Gel Doc™ imager (Amersham Imager 600, Tokyo,
Japan). The 16S rRNA PCR amplicons were purified using a QIAquick kit, Sanger Sequenced
(Eurofins Genomics, India), and sequenced data queried with NCBIBLASTed.

Antimicrobial Resistance Profiling

Streptococcus isolates were tested against 16 antibiotics listed in Ghana's National guideline
for thestandard treatment of bacterial infections (Darkwah et al., 2021). They include ceftriaxone
(30 pg), doxycycline (30 pg), Azithromycin (15 pg), ciprofloxacin (5 ug), cefuroxime (30 pg),
levofloxacin (5 pg), amoxiclav (10 ug), gentamicin (10 pg), trimethoprim (23.75 pg), tetracycline (30
pg), penicillin (10 pg), ampicillin (10 pg), cloxacillin (10 pg), amoxicillin (10 pg), erythromycin (15
ug), meropenem (10 pg). The AMR profiles were determined with Kirby-Bauer disk diffusion
previously described (Christenson et al., 2018). Briefly, Mueller Hinton agar plates were seeded with
MacFarland standardized culture of the strains, antibiotic discs were applied and incubated (37 °C,
19-24 h). The zone of inhibition was measured (mm), and data was interpreted as resistant or
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susceptible using CLSI guidelines (CLSIL 2020; EUCAST, 2022). Also, the susceptibility of the
Streptococcal isolates to three commonly used disinfectants/antiseptics: Dettol® (Reckitt Benckiser,
Nigeria), So-Klin® (PT. Sayap Mas Utama, Indonesia) and bleach (Power Zone-Thick Perfumed
Bleach, Tema-Accra), was determined as previously described (Wu et al., 2015). The disinfectant
was diluted following the manufacturer's suggested (stock) concentration. 0.1 v/v, 0.01 v/v, and
0.001 v/v concentrations were prepared using sterile double distilled water. A 100 ul of each
disinfectant and the isolates were incubated (37 °C, 19-24 h) in a sterile 96-well microtiter plate
alongside controls (White et al, 2021). Absorbance was measured with a microplate reader
(Varioskan LUX) at 600 nm, and AMR profiles determined as previously indicated (CLSI, 2020;
EUCAST, 2022).

Antibiotic Stress Assay and Gene Expression Analysis of Virulence Markers

Streptococcal isolates resistant to doxycycline (30 pg) and azithromycin (15 pg) were cultured
in MHbroth at 3X azithromycin and doxycycline standard concentrations and incubated (72 h at 37
°C, 225 rpm).Total RNA from the stressed and normal cells was extracted with ZymoResearch Quick-
RNA Miniprep Kit as outlined by the manufacturer. RT-qPCR was used to determine the levels of
virulence-associated with pbp2b, lytA, cbpA, and pavA in isolates with (exposure to azithromycin and
doxycycline) and without stress.

The target genes are involved in the pathogenesis of pneumococcal infections and antibiotic
resistance (Zhou et al., 2022). Reactions were performed with Applied Biosystems QuantStudio 5
Real-Time PCR System (ThermoFisher Scientific, USA) using One-Step RT-qPCR Kit (Luna®
Universal, New England Biolabs). Each RT-qPCR reaction was performed in a final volume of 20 ul;
forward and reverse primers (0.8 pl), Luna Universal One-Step Reaction Mix (2X) (10 pl), 1 pl Luna
WarmStart® RT Enzyme Mix (20X), 5.4 pl of nuclease-free water and 2 pl of template RNA (100 ng/ul).
The cycling conditions include reverse transcription at 55 °C for 10 min, an initial denaturation at 95
°C for 1 min, followed by 40 cycles of 10 s denaturation at 95 °C, and 1 min of extension at 60 °C. The
reaction was performed in a 96-well microplate, with housekeeping gene 165 rRNA as the
endogenous control. The target gene's mRNA transcript levels were assessed as previously described
(Hu et al., 2013). The Ct values of the endogenous control and target genes were normalized with the
formula 2-24¢T where AACT = ACT (a target sample) — ACT (a control sample) (Livak & Schmittgen,
2001; Rao et al., 2013). The resulting values were calculated as fold change and expressed as log fold
change with mean +SD.

Statistical Analysis

The Data from the study were assembled into MS Excel 2021 LTSC (version 2206), and data
analysis was performed with SPSS 16.0 and GraphPad 6.0 software. AMR profiles were determined
by descriptive statistics and presented as graphs.

Results

Phenotypic and Molecular Identification of Streptococcus Isolates

Twenty-three percent (23%) of the 100 samples analyzed had Streptococcus isolates, 12% from the
exterior and 11% from the interior. The isolates were presumptively identified with hemolytic
activities on blood media, were capsulated, catalase-negative and paired cocci (Table 1). All the
isolates were positive for the superoxide dismutase gene (sodA), and as confirmed by 165 rRNA gene-
based Sanger sequencing, twenty were S. pneumoniae and three S. pyogenes. Two of the three S. pyogenes
were isolated from the exterior of the masks. Streptococcus pneumoniae and S. pyogenes are of clinical
relevance and have been implicated in severe human infections.
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Table 1. Identification and Characterization of Streptococcus Isolates.

Isolate Hemolysis Catalase Capsulation sodA 16S rRNA Sequencing  AST MAR Index MDR
EXTERIOR
ST-01EX  a-hemolytic - + + S. pneumoniae R 0.81+0.05 +
ST-02EX  a-hemolytic - + + S. pneumoniae R 0.88+0.07 +
ST-03 EX  a-hemolytic - + + S. pneumoniae R 0.80+0.01 +
ST-04 EX  a-hemolytic - + + S. pneumoniae R 0.80+0.01 +
ST-05EX  a-hemolytic - + + S. pneumoniae R 0.88+0.05 +
ST-06 EX  a-hemolytic - + + S. pneumoniae R 0.81+0.03 +
ST-07EX  [-hemolytic - + + S. pyogenes R 1.00+0.03 +
ST-08 EX  a-hemolytic - + + S. pneumoniae R 0.80+0.03 +
ST-09 EX  [-hemolytic - + + S. pyogenes R 0.88+0.03 +
ST-10EX  «a-hemolytic - + + S. pneumoniae R 0.88+0.03 +
ST-11EX  a-hemolytic - + + S. pneumoniae XR 0.80+0.03 +
ST-12EX  a-hemolytic - + + S. pneumoniae R 1.00+0.05 +
NSCP 0129 o-hemolytic - + + S. pneumoniae S 0 y-
INTERIOR
ST-01IN  «a-hemolytic - + + S. pneumoniae R 0.80+0.06 +
ST-02IN  a-hemolytic - + + S. pneumoniae R 0.88+0.03 +
ST-03IN  a-hemolytic - + + S. pneumoniae R 0.88+0.01 +
ST-04IN  a-hemolytic - + + S. pneumoniae R 0.80+0.01 +
ST-05IN  [-hemolytic - + + S. pyogenes R 1.00+0.01 +
ST-06 IN  «a-hemolytic - + + S. pneumoniae R 1.00+0.02 +
ST-07IN  «a-hemolytic - + + S. pneumoniae R 0.80+0.03 +
ST-08IN  «a-hemolytic - + + S. pneumoniae R 0.88+0.05 +
ST-09IN  «a-hemolytic - + + S. pneumoniae R 0.88+0.01 +
ST-10IN  «a-hemolytic - + + S. pneumoniae R 0.81+0.01 +
ST-11IN  «a-hemolytic - + + S. pneumoniae XR 0.80+0.01 +
NSCP 0130 «a-hemolytic - + + S. pneumoniae S 0 y-

AST - Antibiotic Sensitivity Test, R — Resistance (90-100% to all the antibiotics), *R - (>90% to all the antibiotics),
IN/EX — Nose Mask Interior/Exterior, MDR — Resistance to at least two of the eight classes of antibiotics tested,
y - Not MDR.

Highly and Multidrug Resistant Streptococcus spp. Are Resident on Nose Masks

All the streptococcal isolates were tested against 16 antibiotics of 8 classes. The Streptococcus
isolates showed high levels of AMR to all the antibiotics relative to the S. pneumoniae controls. 90% of
the isolates were resistant to all the antibiotics tested (Table 1) and are MDR with 80-100% levels of
AMR (Figure 1). The MAR index of the Streptococcus isolates, defined as the ratio of antibiotics tested
to those resisted, ranged from 0.80 to 1.00, with an average of 0.93 (Table 1). The S. pyogenes from
the exterior was 100%resistant to all the antibiotics, including meropenem. All the tested strains had
MAR index greater than 0.2, indicating they are potential pathogenic bacteria.
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Figure 1. Percentage AMR Profiles of Streptococcus species to conventional and last resort antibiotics
relative to the controls: a.) Nose Mask Exterior, b.) Nose Mask Interior ((with significance at p<0.05 by
one-way ANOVA). The error bar shows the percentage of bacteria (x-axis) that are resistant to the
tested antibiotics.


https://doi.org/10.20944/preprints202408.0990.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 August 2024 d0i:10.20944/preprints202408.0990.v1

Ineffective Disinfectants Against Streptococcus spp.

All the isolates displayed 30-80% levels of resistance to Dettol® at 0.1 and 0.01 (v/v), with 10%
at the stock concentration relative to the controls (Figure 2a). So Klin® has similar low percentage
resistance (10%) to ST-08, ST-09, ST-10 and ST-11 strains from the exterior and interior. All the other
strains showed 20-90% levels of resistance to So Klin® at all concentrations (Figure 2b). The isolates
survived in the presence of Bleach® as compared to other tested disinfectants with 60-100%
relatively high levels of resistance at all concentrations (Figure 2c). Overall, the disinfectants showed
no effective activity against the Streptococcus isolates relative to the controls, which increases the
public health risks associated with rewash of nose masks to use.
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Figure 2. Resistance profiles of Streptococcus spp. to disinfectants: a.) Deflol, b.) So Klin, c) Bleach
(with significance at p<0.05 by one-way ANOVA). Error bar shows the percentage of bacteria (x-axis)

that are resistant to the tested disinfectants.

Detection of Markers Associated with Virulence and Antibiotic Resistance

Primer-specific amplification of resistance markers associated with doxycycline (tetB) and
azithromycin (ermB) was performed and 20 (90%) isolates were positive for the tetB and 8 (35%) for
the ermB gene (Table 2). Also, only eight isolates simultaneously tested positive for the tetB and ermB
genes (Table 2). These virulence markers pbp2bl1, lytA, lytAl, and plyl genes were detected in all 23
(100%) isolates. The pbp2b and cbpA genes were detected in 19 (80%) isolates, while 6 (26%) were
positive for pavA genes. At least five virulence genes were present in all isolates, indicating their

potential to cause disease.
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Table 2. Virulence and Resistance Markers Profiles.

Isolate Pbp2b Pbp2b1 IytA lytAl plyl cbpA pavA tetB  ermB
EXTERIOR
ST-01 EX S. pneumoniae + + + + + + b " "
ST-02 EX S. pneumoniae + + + + + + - h -
ST-03 EX S. pneumoniae + + + + + + - h- -
ST-04 EX S. pneumoniae + + + + + + - h- -
ST-05 EX S. pneumoniae + + + + + - - h -
ST-06 EX S. pneumoniae + + + + + + h h- b
ST-07 EX S. pyogenes + + + + + + o - n
ST-08 EX S. pneumoniae + + + + + + H h -
ST-09 EX S. pyogenes + + + + + - - - -
ST-10 EX S. pneumoniae + + + + + + b " "
ST-11 EX S. pneumoniae + + + + + + h - -
ST-12 EX S. pneumoniae + + + + + - h h -
NSCP 0129  S. pneumoniae + + + + + + h " "
INTERIOR
ST-01 IN S. pneumoniae + + + + + + " i i
ST-02 IN S. pneumoniae - + + + + + H - -
ST-03 IN S. pneumoniae + + + + + + - " "
ST-04 IN S. pneumoniae + + + + + + o e "
ST-05 IN S. pyogenes - + + + + + h h -
ST-06 IN S. pneumoniae - + + + + - - h h-
ST-07 IN S. pneumoniae + + + + + + H - -
ST-08 IN S. pneumoniae + + + + + + H - -
ST-09 IN S. pneumoniae + + + + + + - h -
ST-10 IN S. pneumoniae + + + + + + L n B
ST-11 IN S. pneumoniae + + + + + + - b "
NSCP 0130  S. pneumoniae + + + + + + 3 + +

+=Positive for virulence/resistance genes, - = Genes not detected.

Virulence Markers Were Highly Expressed Under Antibiotic Stress

Transcriptional analysis of pbp2bl, pavA cbpA, and IytA virulence genes was performed after
stress assays with 3X standard concentrations of azithromycin and doxycycline. The expression
levels of each targeted gene were normalized with the reference gene, 165 rRNA. The expression
fold change was determined as log2 fold change relative to the control. At same the condition, there
was variation in the fold change of the isolates. The pbp2b1 gene (7.29 — 16.59 log?2 fold change) was
found to be highly expressed as compared to the pavA gene (4.35 — 7.02 log2 fold change) in the
presence of doxycycline (Figure 3). Similarly, after azithromycin treatment, the IytA gene (5.78 —
19.79 log2 fold change) displayed a higher expression fold change than the cbpA genes (5.47 — 11.68
log2 fold change). Overall, all the target genes were upregulated as compared to the reference control
after antibiotic treatment.
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Figure 3. Expression of pbp2b1, pavA, cbpA and IytA virulence-associated genes in Streptococcus
spp. The Ct values were normalized to the reference control, 16S rRNA gene and the log2 fold
change was calculated relative to the control. The bar represents the mean +SD of the results of three
technical replicates.

Discussion

Streptococcus spp. is among the WHO 'Critical Priority Pathogen' (Tacconelli et al., 2018) that have
been implicated in secondary infections associated with COVID-19 (Anton-Vazquez & Clivillé, 2021;
Ferrando et al., 2021) and their presence on nose mask pose a serious biosafety risk (Gyapong
et al.,, 2023). Streptococcus pnuemoniae is a commensal in the upper respiratory tract and benefits
from its hosts (Morimura et al., 2021). It also colonize the airways as a result of the expression of surface
adhesins, causing invasive pneumococcal infections and neonatal sepsis, especially in
immunocompromised individuals (Brooks & Mias, 2018). Virulence-associated markers such as ply,
lytA, and pavA were identified in the isolated Streptococcus spp. suggest they have the potential to
cause life-threatening infections. The choline-binding protein A gene (CbpA) identified in the S.
pneumoniae facilitates binding to the platelet-activating factor receptor (PAF-R) present in epithelial
and endothelial cells(Novick et al., 2017). This binding activates the PAF-R recycling pathway,
enhancing the transport of the bacteria to the host's basal membrane, leading to the development of
invasive disease (Maestro & Sanz, 2016). The penicillin-binding protein genes (pbp2b, pbp2b1) have
been established to reduce the reactivity of 3-lactam antibiotics such as penicillin, thereby reducing
its effectiveness (Zhou et al.,, 2022). About 26% of the streptococcal species had pneumococcal
adherence and virulence A gene (PavA) which mediates binding to fibronectin and integrin (Pracht
et al., 2005). It facilitates adherence to the host surface and plays a vital role during meningitis and
sepsis infections (Weiser et al., 2018).

Also, the autolysin gene (IytA, lytAl) was identified in all the Streptococcus species (100%) and has
been reported to produce toxins that may be implicated in biofilm formation and fratricide (killing
of non-competent pneumococci or other species) (Sakai et al., 2013). It causes the shedding of the
capsule during the cellular invasion and releases pro-inflammatory cell wall fragments (Weiser et al.,
2018). Moreover, the pneumolysin gene (ply), a pore-forming toxin, is known to be pro-apoptotic and
cytotoxic for a range of host cells (Nishimoto et al., 2020). It also depletes serum opsonic activity
and activates the classical complement pathway, inhibiting cough, migration of white blood cells
and bactericidal activity (Hu et al,, 2015). Bacteria develop antibiotic resistance through various
mechanisms, including biofilm formation (Banin et al., 2017). Infections caused by resistant bacteria
cause treatment failure, prolong hospital stays and higher medical costs (Dadgostar, 2019). Similar to
previous studies, the Streptococcus isolates displayed resistance within 80-100% to the tested sixteen
conventional antibiotics (Delanghe et al., 2021; Kebede et al, 2021; Nightingale et al., 2022).
Streptococcus pneumonia showed 100% levels of resistance to penicillin and ampicillin. Penicillin-
resistant S. pneumonia (PRSP) is a high critical priority pathogen (Asokan et al., 2019). It has been
associated with community-acquired pneumonia with high mortality rates, particularly in
immunocompromised individuals and children below 2 years (Cilloniz et al., 2018). The penicillin-
associated resistance genes (pbp2b and pb2b1) and its ability to undergo capsular switching make
this pathogen difficult to control (Wyres et al., 2013). Also, S. pneumonia displayed resistance to
azithromycin (60%) and doxycycline (100%), which are used as a part of the COVID-19 treatment
regimen in Ghana. It is alarming as this pathogen co-infect COVID-19 patients and could worsen the
disease outcomes (Anton-Vazquez & Clivillé, 2021; Ferrando et al., 2021). The multiple antibiotic
resistance indices of the Streptococcus species suggest they are potential high-risk pathogens indicating
that combination therapy might not effectively control them. The prevalence of resistant bacteria from
masks is not frequently reported; however, they still pose health risks to the user. Disinfectants are
frequently used in homes and during outbreaks like COVID-19 to prevent disease transmission
(Isawumi et al., 2021); however their excessive use has been linked to the development of drug resistance
(Chen et al., 2021). At the user-recommended concentrations, So Klin and Dettol showed arelative
level of effectiveness against streptococcal species but exhibited resistance between 60-100% at the
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recommended concentration of Bleach. The resistance level observed in the streptococcal isolates
to the Bleach has been associated with the Heat shock protein 33 (Hsp33), which protects bacterial
proteins against bleach aggregation (Michigan, 2008). Also, the bleach composition, sodium
hypochlorite, which denatures bacterial protein, has been linked to resistance, as the bacterial outer
membrane prevents it from reaching its target site (Acsa et al., 2021).The washing of nose masks
with these disinfectants, has been linked to reduced mask filtration and may expose the user to
COVID-19 and other associated respiratory infections (Dewey et al., 2022).

Bacterial pathogenicity has been associated with its virulence genes (Beceiro et al., 2013) (WHO,
2020). As such, the differential expression of virulence genes (pbp2b1, IytA, pavA, cbpA) in the isolated
streptococcal species in response to antibiotic stress (azithromycin and doxycycline) was examined in
this study. All the isolates showed high levels of expression relative to the control, suggesting
that they are potentially pathogenic. Similar to previous studies, bacteria exposure to resistant
antibiotics increased their virulence, especially during infections (Guillard et al., 2016). Three virulence
markers investigated in this study, IytA, pavA, and cbpA, which were also upregulated, have been
considered potential vaccine targets (Corsini et al., 2021; Zhao et al., 2019). This indicates that they are
highly conserved and may elicit protective immunity across streptococcal species.

Conclusions

This study emphasizes the need to assess mask usage, particularly in vulnerable populations.
Also, to provide insights into how nose masks can harbor opportunistic pathogens and
facilitate disease transmission. Additionally, the upregulation of virulence-associated markers
indicated that Streptococcus pneumonia isolated from nose masks is of clinical relevance. The
presence of azithromycin resistance markers in the Streptococcus isolates is of public health concern as
itisused in COVID-19 treatment therapy. Therefore, AMR surveillance efforts must be intensified to
fight AMR in Ghana and Africa. For instance, discouraging the inappropriate use of antibiotics and
prioritizing prevention over treatment.
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