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Abstract

Introduction: Streptococcus pneumoniae is a major cause of morbidity and mortality worldwide, especially in children. This study focused on
the prevalence, serotypes, antibiotic resistance, and biofilm formation of pneumococci colonising an unvaccinated Sri Lankan children cohort
aged <2 years during the COVID-19 pandemic.

Methodology: This descriptive, cross-sectional study was carried out between April to August 2021 among healthy children visiting routine
immunisation clinics in the Colombo district, Sri Lanka. Nasopharyngeal swabs (NPS) from healthy children were collected and cultured on
sheep blood agar to isolate S. pneumoniae and confirmed by lytA gene-specific PCR. All confirmed S. pneumoniae isolates underwent capsular
sequence typing to detect serotypes. Antibiotic susceptibility was determined. In-vitro biofilm-forming ability was assessed using the crystal
violet assay, tetrazolium reduction assay, and scanning electron microscopy.

Results: The S. pneumoniae colonization rate of healthy children was 5.7% (20/350). Serotype 19F was the commonest, and 80% (16/20) of
isolates were covered by the 13-valent pneumococcal conjugate vaccine (PCV13). All isolates were sensitive to levofloxacin, vancomycin, and
linezolid but showed significant non-susceptibility to penicillin (70%, 14/20) and cefotaxime (15%, 3/20) at non-meningitis break points. All
isolates formed biofilms.

Conclusions: A comparatively lower rate of pneumococcal colonisation was observed among this cohort compared to the current literature.
The most prevalent serotype identified was 19F. Serotype pattern was similar to the pre-vaccine era pattern reported globally. Antibiotic non-

susceptibility rates were high for penicillin and erythromycin. Almost all isolates showed evidence of in vitro biofilm formation.
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Introduction

Streptococcus pneumoniae is a Gram-positive, lancet-
shaped diplococcus that commonly colonizes the
human nasopharynx. It causes fatal infections globally,
particularly in developing countries. S. pneumoniae
colonization is generally a prerequisite for the
development of pneumococcal infection, including
invasive disease [1-3].

Previous  systematic  reviews indicate  that
pneumococcal colonization rates are higher in low and
middle-income countries than in high-income countries
[4,5]. Three previous Sri Lankan studies conducted
before the COVID-19 pandemic reported varying
nasopharyngeal colonization rates (21% to 32%) among
children [6-8]. The prevalence of pneumococcal
colonization is higher in the first 24 months of life and
varies depending on socioeconomic and geographic
factors [9]. Pneumococci are transmitted through direct
contact and indirectly via contaminated surfaces [1—
3,10]. Infants and young children serve as reservoirs,

with frequent transmission occurring in day care centers
[11].

Pneumococcal conjugate vaccines (PCVs) have
significantly reduced the burden of pneumococcal
infections in children, which target up to 13 serotypes
(serotype 1, 3,4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F,
and 23F) responsible for a majority of the infections. It
is also shown to be effective in preventing carriage of
vaccine serotypes [12]. Yet, after the introduction of
PCVs, there has been a global rise in pneumococcal
disease caused by non-vaccine serotypes (6C, 12A/F,
23B, and 34) [13].

While the pneumococcal vaccine is included in the
National Immunization Programs (NIP) of many
developing countries, it has not yet been introduced into
the NIP in Sri Lanka. However, some children who
attend fee-levying immunization clinics do receive the
pneumococcal vaccine. In Sri Lanka, pneumonia is a
leading cause of death in children under five [14]. In the
absence of PCVs in the NIP, S. pneumoniae is likely the
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leading cause of most pneumonia cases.

Pneumococcal vaccination helps combat the growing
threat of antimicrobial resistance by reducing disease
incidence, minimizing antibiotic use, and lowering the
risk of resistant infections [15]. Furthermore, Antibiotic
resistance  has risen among isolates from
nasopharyngeal and clinical specimens worldwide [16].
Biofilm formation plays a role in colonization dynamics
as well as antibiotic resistance. The protective matrix
formed in biofilms enables bacteria to evade immune
responses, promoting persistence and spread [17]. Few
studies have investigated biofilm formation by S.
pneumoniae in low-income countries [17,18], and none
have addressed this issue in the Sri Lankan context.
During the COVID-19 pandemic, the incidence of
pneumococcal disease reported was decreased, likely
due to social distancing and enhanced respiratory
precautions and cleaning practices [19]. However,
studies investigating the prevalence of pneumococcal
colonization during this period have yielded conflicting
results [20-22]. Therefore, this study aimed to
investigate pneumococcal colonization prevalence,
serotype distribution, antibiotic susceptibility, and
biofilm formation in children aged < 2 years in an
urban, community-based sample in Sri Lanka during
the COVID-19 pandemic.

Methodology

Study design and setting

This descriptive, cross-sectional study was carried out
between April to August 2021 among healthy children
visiting routine immunization clinics. Healthy children
visit immunization clinics in Sri Lanka to receive
scheduled vaccines, monitor growth, and obtain
essential health guidance as part of the national child
health programme. Ethical approval for the study was
granted by the Ethics Review Committees of the
Faculty of Medical Sciences, University of Sri
Jayewardenepura (ERC/FMS 11/20). Written informed
consent was obtained from each parent /guardian before
enrolment.

Study population and sampling

The study was carried out with a statistically analyzed
sample size to describe the prevalence of Streptococcus
pneumoniae colonization among healthy children aged
<2 years in the Colombo District. Sampling was carried
out as a multistage sampling method. Two medical
officers of health (MOH) areas (Homagama and
Kesbawa) were selected randomly from the Colombo
district. Eight public health midwife (PHM) areas were
also selected randomly from the selected MOH areas.
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Among the children who attended the clinics during the
time of sample collection, all eligible children from
each PHM were recruited for the study until the total
sample size of 350 was obtained.
The sample number was calculated based on the
formula:
Z2P(1-P)

=—7
where, (n) = sample size, (Z) = 1.96 for 95% confidence
level, (d) = 5% and the expected prevalence to detect,
(P) is set to 31.8% according to the available data [6].
The minimum sample size was calculated for 333. After
5% correction for the non-responsive rate, the final
sample size was 349 from the Colombo District.
Healthy children aged 2 years or below [a child was
considered healthy if the child attended the
immunization clinic without any recent (within the past
15 days) or persisting respiratory infections and carried
overall good general health with no history of a long-
term illness] were considered as the inclusion criteria.
Children diagnosed with COVID-19 within the
previous month, who received the pneumococcal
vaccine, who had current or recent (within the last 15
days) respiratory infection, who had chronic long-term
illnesses (renal, cardiac, etc.), and who received at least
one dose of any antibiotic treatment during the previous
15 days were excluded.

Data collection

A pre-piloted interviewer-administered questionnaire
was used to collect data. Clinical, demographic, and
general health information were obtained from a
parent/guardian.  Nasopharyngeal samples were
obtained using an age-appropriate nylon-tipped sterile
flocked swab. Swabs were dipped immediately into a
screw-capped vial with skim milk, tryptone, glucose,
and glycerine (STGG) medium. The swabs were
transported on ice and stored at -80°C until further
processing.

Laboratory testing

Nasopharyngeal swabs were thawed and vortexed, and
10 pL were inoculated on sheep blood agar and
incubated up to 48 hours. Suspected colonies of
pneumococci were identified by colony morphology
and standard microbiological tests, including optochin
susceptibility and bile solubility. A PCR assay was
performed to confirm S. pneumoniae with the lytA
gene. Capsular Sequence Typing (CST) was based on
the previously published protocol by Marmara et al
[23]. Sanger sequencing was carried out at Macrogen
Inc. (Seoul, Korea) using BigDye chemistry with
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capillary electrophoresis in an ABI 3730 XL genetic
analyzer. Forward and reverse sequences were obtained
using M13F and M13R primers for each DNA fragment
[23]. The sequencing results were viewed using
Chromas version 2.6.6 (Technelysium Pvt Ltd). Sharp,
evenly spaced peaks were considered in each forward
and reverse DNA sequence, and upstream sequencing
areas without sharp, evenly spaced peaks were removed
from the sequence analysis. The trimmed nucleotide
sequences were saved as a new corrected file and
exported as a FASTA file for the CST Typing tool
insertion. The edited nucleotide sequences were
imported into the S. pneumoniae CST Typing Tool
(https://www.rivm.nl/mpf/typingtool/spn, version 0.0,
National Institute for Public Health and the
Environment, Ministry of Health, Netherlands
(accessed on 10 December 2022) (free online database
of the National Institute for Public Health and the
Environment, RIVM, Netherlands), and the S.
pneumoniae serotype was automatically assigned.
Antibacterial susceptibility testing for all PCR-
confirmed S. pneumoniae isolates was conducted using
the disk diffusion method, following the Clinical and
Laboratory Standards Institute (CLSI, 2020) guidelines.
The minimum inhibitory concentration (MIC) for
penicillin and cefotaxime was determined using the
Epsilometer (E-Strip, Oxoid, UK) test method.

S. pneumoniae isolates were tested for biofilm-forming
ability using crystal violet and 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide tetrazolium
reduction assays (MTT) to quantify the bacterial
biomass and cell viability, respectively. Biofilms were
grown on sterile cover slips.

Crystal violet assay: The wells were fixed with 200 pL.
of 2% sodium acetate to adhere the biofilms to the

Table 1. Socio-demographic data of healthy children (n = 350).

Parameter Total (n = 350)
Age in months

Mean (SD) 8.9(5.3)
Median 9.0

Sex

Male 180 (51.4%)
Female 170 (48.6%)
Mother’s age in years

Mean (SD) 31.17 (5.8)
Median 31.0

Mother employed
Mother’s education

Up to ordinary level
Advanced level or above
Father’s education

Up to ordinary level
Advanced level or above
Household income (SRs)
Not informed

<40,000

> 40,000

98 (28.0%)

139 (39.7%)
211 (60.3%)

154 (44.0%)
196 (56.0%)

114 (32.6%)
146 (41.7%)
90 (25.7%)
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wells. Staining was done with 100 pL of 0.1% crystal
violet. The excess stain was removed by thorough
washing with distilled water, and the plates were air-
dried for 2 hours. Thirty percent acetic acid was added
to each well (200 uL), and the absorbance of the final
solution was measured at 595nm [24,25]. MTT assay:
Fifty microliters of Img/mL MTT was added to each
well and incubated at 37°C for 3 hours after covering
the plates with aluminum paper. Following incubation,
the remaining MTT reagent was removed by gently
tapping, and 100 pL dimethyl sulfoxide (DMSO) was
added to each well and mixed on a shaker for 10
minutes. The absorbance of the dissolved formazan
product was obtained at 570 nm with a 630 nm
reference filter [26]. The assays were carried out in
triplicate to ensure reproducibility. Each isolate was
classified as shown below [27]. Non-biofilm producer
= 0D (isolate) < ODc, Weak biofilm producer = ODc¢ <
OD (isolate) <2 x ODc, Moderate biofilm producer =2
ODc <OD (isolate) <4 x ODc, Strong biofilm producer
=4 ODc < OD (isolate).

ODc - Optical density of cut-off value, OD (isolate) -
Optical density of isolate. Cut off (ODc) = Average OD
of negative control + (3 x Standard Deviation of
negative control).

Ten biofilms grown on sterile coverslips were randomly
selected, processed, and examined using a scanning
electron microscope (SEM) for the architecture of
biofilms. Limiting of SEM examination to ten selected
coverslips was due to financial restrictions.

Statistical analysis

Statistical analysis was performed using SPSS version
21. Categorical variables were expressed as proportions
and continuous variables as mean (SD) or median
(IQR).

Total household income was categorized by taking the
estimated median value (approx. 40,000LKR) of total
household income of a family in Sri Lanka [28].
Education level was categorized as primary or less (No
education or grade 1-5), secondary/collegiate (Grade 6-
12), and tertiary [29].

Results

Baseline characteristics

Three hundred and fifty healthy children were enrolled
in the study. The participants were recruited from two
out of thirteen MOH areas in an urban district. The
median age was 9 months (IQRzs.7s: 4-12). The
percentage of males and females was 51.4% (180/350)
and 48.6% (170/350), respectively. There were only
five day-care attendees due to social restrictions during
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Table 2. Antibiotic susceptibility patterns of the S. pneumoniae isolates (n = 20).

Antibiotic susceptibility

Antibiotic name MIC (pg/mL)

Sensitive Intermediate Resistant
*Penicillin 0.002-32 - - 20 (100)
**Penicillin - 6 (30) 14 (70.0%) -
*Cefotaxime 0.002-32 17 (85) 3 (15.0%) -
**Cefotaxime - 20 (100 - -
Levofloxacin - 20 (100) - -
Erythromycin - 6 (30) - 14 (70)
Clindamycin - 14 (70) - 6(30)
Vancomycin - 20 (100) - -
Chloramphenicol - 16 (80) - 4(20)
Tetracycline - 14 (60) - 6 (40)
Linezolid - 20 (100) - -

*Meningitis break point, ** Non-meningitis break point.

the COVID-19 pandemic, and parents were working
from home. The main caretaker was the mother. Most
of the mothers (60.3%, n=211) had received secondary
education or above. A substantial percentage (42%) had
less than the median household income (Table 1).

Laboratory results

Of 350 screened children, only 20 were S. pneumoniae
carriers (5.7%, 20/350). Serotype 19F was the most
abundant (45%, n = 9). None of them were day-care
attendees. Serotypes 3 and 9N/L were each detected in
15% (n = 3), and serotype 6B was identified in 10% (n
= 2) of the pneumococcal isolates. For three isolates,
serotype identification was inconclusive, in which 2

(10%) isolates were serotype 6A/B and one (5%) was
17A/F, 35B/C, 33C. The majority (16/20, 80%) of the
serotypes were covered by the PCVI13 wvaccine
(serotypes 1, 3,4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F
and 23F) while PCV10 vaccine (serotypes 1, 4, 5, 6B,
7F, 9V, 14, 18C, 19F, and 23F) covered 55% (11/20) of
serotypes.

The antibiotic susceptibility patterns of S. pneumoniae
The antibiotic sensitivity test (ABST) was performed
for all 20 isolates of PCR-confirmed S. pneumoniae
(Table 2). All isolates were sensitive to levofloxacin,
vancomycin, and linezolid. Resistance to penicillin and
erythromycin was high. There were no fully resistant

Table 3. Antimicrobial non-susceptibility of different serotypes of S. pneumoniae (n = 20).

Non-susceptibility

Antibiotic 19F,n=9 3,n=3 6B,n=2  G6A/B,n=2 nl;cl‘; (ll,i ) 9NL,n=3 173‘;/CF’ ":’l sfllc’ Nr:’: ZC(,,VA,I)‘?’
Penicillin® (non-meningitis) 5 3 2 2 12 (75) 2 0 2 (50)
Cefotaxime™ (meningitis) 1 1 0 1 3(18.8) 0 0 0
Erythromycin 6 3 1 2 12 (75) 1 1 2 (50)
Clindamycin 2 2 1 0 531.3) 1 0 1(25)
Chloramphenicol 3 1 0 0 4 (25) 0 0 0
Tetracycline 5 2 0 0 7 (43.8) 1 0 1(25)

* Intermediate resistance.

Figure 1. Biofilms of S. pneumoniae on coverslips by scanning electron microscopy.

1um EHT = 10.00 kv
— WD = 10.0 mm

Signal A= SE1
Mag= 10.00K X

Date .5 Aug 2022
Time :11:48:50

1um EHT = 10.00 kv

Signal A= SE1

WD = 10.0 mm Mag= 20.00KX

Date :5 Aug 2022
Time :11:46:51
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Figure 2. Biofilm formation with serotypes of S. pneumoniae by crystal violet (CV) and 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide tetrazolium reduction assays (MTT).
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isolates to cefotaxime at both meningitic and non-
meningitic breakpoints.

The non-susceptibility profiles (resistant and
intermediate-sensitivity) of different serotypes to
antibiotics were analyzed. Overall, serotypes 19F and 3
exhibited a higher non-susceptibility rate to most of the
antibiotics tested, while an uncertain serotype (17A/F,
35B/C, 33C) showed a relatively lower resistance. The
serotypes were grouped according to their coverage by
the 13-valent pneumococcal conjugate vaccine and
compared with the corresponding antibiotic non-
susceptibility (Table 3).

Biofilm formation ability of S. pneumoniae

Ninety percent (n = 18) of the isolates of pneumococci
were strong biofilm formers, and only two isolates were
moderate biofilm formers by biomass assessment
through CV assay. By MTT assay assessing the
viability of cells, the majority (70%, n = 14) were weak
biofilm formers, while two isolates demonstrated strong
biofilm formation. The remainder (n = 4) did not
demonstrate viable biofilm formation through the MTT
assay. On coverslips, one architecturally mature biofilm
was detected by SEM (Figure 1)

The majority of 19F showed high biomass by CV assay
(77.8%, n = 7), and in the MTT assay, 55.6% (n = 9)
showed low cell viability (Figure 2).

The biofilm formation ability of the isolated
pneumococci was compared with their antibacterial
susceptibility patterns (Table 4). Strong biofilm formers
in the CV assay had higher non-susceptibility rates

B
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A40%
35%
30%
25%
20%
15%

10% ‘ .

0%
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(66.7%-100%) for all the antibiotics tested compared to
moderate biofilm formers. Biofilm formers on MTT
assay revealed 64.3%-100% non-susceptibility rates to
most of the antibiotics, excluding chloramphenicol,
compared to non-biofilm formers.

Discussion

Our study represents the first community-based study
investigating pneumococcal colonization among
healthy Sri Lankan children in an urban locality, and we
report a very low rate of colonization (5.7%, n = 20)
among this study population during the COVID-19
pandemic. Notably, most (80%, n = 16) of the isolates
were vaccine serotypes (PCV-13). Antibiotic non-
susceptibility was common, particularly to penicillin
and erythromycin. Almost all isolates showed at least
some evidence of biofilm formation.

In Sri Lanka, previous studies showed colonization
rates of 26.4% in healthy children aged <5 years in
Galle (2019), 31.8% in healthy children aged between
2 months and 2 years in Kandy (2017-2018), and 21%
in children aged 2 months to 5 years admitted with signs
and symptoms of meningitis, pneumonia, or very severe
disease in Colombo (2005-2007) [6—8]. The low rate of
pneumococcal colonization observed in the current
study may be attributed to COVID-19 pandemic control
measures, which were in place during the study period,
such as social distancing, mask-wearing, minimal social
gatherings, and lockdowns, which reduced children's
exposure to potential carriers. However, the impact of
COVID-19 preventive measures on pneumococcal

Table 4. Antibiotic non-susceptibility patterns of pneumococci against the biofilm forming ability.

L . MTT (%) CV (%)

Antibiotic (non-susceptible) NBF (n = 4) WBF (n = 14) SBF (n =2) MBF (n = 2) SBF (n = 18)
Penicillin (non-meningitis) (14/20) 21.4 64.3 143 143 85.7
Cefotaxime (meningitis) (3/20) - 100 - 333 66.7
Erythromycin (14/20) 214 71.4 7.1 7.1 92.9
Clindamycin (6/20) 333 50.0 16.7 - 100.0
Chloramphenicol (4/20) 50.0 50.0 - 25.0 75.0
Tetracycline (8/20) 12.5 75.0 12.5 25.0 75.0

NBF: non-biofilm former; WBF: weak-biofilm former; MBF: moderate-biofilm former; SBF: strong-biofilm former.
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carriage is debated. Studies from Belgium and France
found no significant reduction in pneumococcal
carriage, while research from Vietnam and Israel
reported lower rates during certain periods of the
pandemic [22,30-32]. Especially, the reduction in
Vietnam was due to decreased capsulated
pneumococcal carriage, which is crucial for invasive
disease [30]. Further, the low colonization rate
observed with non-pharmaceutical interventions could
be due to less number of viral respiratory infections.
Since respiratory viruses are known to increase
pneumococcal carriage density, transmission, and
disease, interventions targeting these viruses may help
reduce invasive pneumococcal disease.
Epidemiological surveillance of S. pneumoniae
serotype carriage is essential to set up effective
immunization programs and evaluate their impact.
Before the introduction of pneumococcal conjugate
vaccines (PCVs), serotypes 6A, 6B, 19A, 19F, and 23F
were the most prevalent causes of pneumococcal illness
in low-income countries [4]. In our study, serotype 19F
was the most common among healthy children,
accounting for 45% of cases. The next most prevalent
serotypes were 3 (15%), 9A/F (15%), 6B (10%), and
6A/B (10%). Similarly, Vidanapathirana et al. (2020)
and the ANSORP study [32] also identified serotype
19F as the most common colonizing serotype in Sri
Lanka. Post-PCV introduction studies have shown that
while the overall S. pneumoniae carriage rates remain
unchanged, the carriage rates of vaccine serotypes
decline and are replaced by non-vaccine serotypes [34].
Therefore, our study findings support the inclusion of
PCVs in the Sri Lanka national immunization
programme.

Various studies have investigated the antibiotic
susceptibility of pneumococci isolated from healthy
children, revealing differing resistance rates. In the
present study, at the meningitis breakpoint, all isolates
were non-susceptible to penicillin, while 15% showed
intermediate resistance to cefotaxime. Similarly, high
levels of penicillin non-susceptibility have been shown
in other studies conducted in Sri Lanka [6,7] and other
countries [16,35]. Vidanapathirana et al. also reported
high non-susceptibility rates to cefotaxime at
meningitis breakpoints (62.9%). These findings are
consistent with studies on invasive pneumococcal
disease, which reported over 90% penicillin resistance
and approximately 47% cefotaxime non-susceptibility
[8].

All 20 S. pneumoniae isolates in this study were
sensitive to levofloxacin, vancomycin, and linezolid.
Other studies from Sri Lanka [6,7] found 100%
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levofloxacin susceptibility but higher resistance rates
for erythromycin, similar to our findings (70%). Kim et
al. (2012) noted 78.9% erythromycin resistance in Asia.
Lee et al. (2001) reported lower resistance rates, while
studies from South Africa [35,36] showed varying
resistance profiles.

The ability of pneumococci to form biofilms,
particularly in healthy children, has been extensively
studied. Biofilm formation is crucial for
nasopharyngeal colonization [17,37]. In our study, a
significant portion of pneumococci were strong biofilm
formers using the CV assay, while the MTT assay,
which focuses on metabolic activity, revealed the
majority as weak biofilm formers. This difference arises
because the MTT assay detects the viable cells but does
not stain various other biofilm components. Thus, the
CV assay quantifies the biomass of the biofilm, while
the MTT assay estimates bacterial viability within the
biofilm [38]. SEM images confirmed in vitro biofilm
formation in only a small fraction of isolates. The
reasons could be that biofilms grown on abiotic surfaces
have delayed growth, low biomass, and lack
characteristic structures, emphasizing the importance of
an in vivo environment to study biofilms [17].
Especially, as S. pneumoniae is a nutritionally
fastidious organism, its growth on abiotic surfaces
could be affected to a larger extent.

The above findings should be interpreted with the
following considerations. Firstly, the results cannot be
generalized to rural and estate sectors since the study
sample was drawn from an urban population.
Comparability among studies is limited due to
heterogeneity, particularly related to study sample,
laboratory methods, and vaccination status. Another
limitation of the study is the relatively small sample
size, which may affect the generalizability of the
findings and was considered when interpreting the
results.

The sample collection for the study of nasopharyngeal
carriage of pneumococci was carried out during the
COVID-19 pandemic period. This could have affected
the rate of PC colonization detected in this study, as this
particular time period does not exactly show the true
picture of community behaviour and environmental
patterns (strict rules of wearing face masks at all social
gatherings, no school or day-care activities, limitations
on social gatherings, less air pollution, etc.). Also,
because of the challenges posed by the COVID-19
pandemic, we encountered limitations in selecting the
MOH areas in the Colombo district for our study and in
obtaining nasopharyngeal swabs from healthy children.
The biofilm formation of S. pneumoniae could hardly
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be observed by SEM when they were formed in vitro on
glass cover slips. Many studies have been performed
the biofilm in vivo using animal models. Continuous-
culture biofilm system is suitable for characterizing
biofilm formation by S. pneumoniae strains because the
biofilm developmental process in S. pneumoniae is
complex compared to other bacteria. The biofilm
development process of S. pneumoniae is accompanied
by an increased production of several proteins involved
in attachment, resistance, and virulence. However, due
to financial and technical constraints and ethical
considerations in vivo or biofilm model could not be
applied to the present study. In future studies, it will be
interesting to test the capacity of S. pneumoniae to form
biofilms, using more than one model system. Also, it is
worth trying to develop and apply ex vivo models in
pneumococcal biofilm studies, which may be an
important technical step forward.

Conclusions

In conclusion, the current study found a comparatively
lower rate of pneumococcal colonization among
healthy children aged two years or below during the
COVID-19 pandemic. The most prevalent serotype
identified was 19F. The serotype pattern was similar to
the pre-vaccine pattern reported globally, and the
majority is covered by the available pneumococcal
vaccines. Antibiotic non-susceptibility rates were high
for penicillin and erythromycin. Almost all isolates
showed at least some evidence of biofilm formation,
indicating its significance in colonization dynamics.

Acknowledgements

We wish to acknowledge all children who participated and
their parents/ guardians, staff of relevant MOHs, and the
Department of Microbiology, Faculty of Medical Sciences,
University of Sri Jayewardenepura, Sri Lanka.

Funding
Funding for this study was provided by the University of Sri
Jayewardenepura, Sri Lanka. Grant number

[ASP/01/RE/MED/2021/60].

Data Availability Statement
The data that support the findings of this study are available
on request from the corresponding author.

J Infect Dev Ctries 2026; 20(3):350-358.

Authors Contributions

MG: conceptualization, methodology, formal analysis,
writing the original draft, reviewing and editing; GL, MW:
methodology, writing, reviewing and editing the manuscript
and supervision; RP: methodology, formal analysis, writing,
reviewing and editing the manuscript; TD: conceptualization,
funding acquisition, methodology, writing, reviewing and
editing the manuscript and supervision. All authors approved
the final manuscript.

Corresponding author

Dr. D.M.B. Thushari Dissanayake

Department of Microbiology, Faculty of Medical Sciences,
University of Sri Jayewardenepura, Sri Lanka.

Tel: +94772988221

E-mail: dissanayakethushari@sjp.ac.lk

Conflict of interest
No conflict of interest is declared.

References

1. Weiser J, Ferreira D, Paton J (2018) Streptococcus
pneumoniae: transmission, colonization and invasion. Nat Rev
Microbio 16: 355-67. doi: 10.1038/s41579-018-0001-8.

2. Morimura A, Hamaguchi S, Akeda Y, Tomono K (2021)
Mechanisms underlying pneumococcal transmission and
factors influencing host-pneumococcus interaction: a review.
Front  Cell Infect  Microbiol 11: 1-9.  doi:
10.3389/fcimb.2021.639450.

3. Leung NHL (2021) Transmissibility and transmission of
respiratory viruses. Nat Rev Microbiol 19: 528-45. doi:
10.1038/s41579-021-00535-6.

4. Adegbola RA, DeAntonio R, Hill PC, Roca A, Usuf E, Hoet B,
Greenwood BM (2014) Carriage of Streptococcus pneumoniae
and other respiratory bacterial pathogens in low and lower-
middle income countries: a systematic review and meta-
analysis. PLoS One 9: e103293. doi:
10.1371/journal.pone.0103293.

5. Neal EFG, Chan J, Nguyen CD, Russell FM (2022) Factors
associated with pneumococcal nasopharyngeal carriage: a
systematic review. PLOS Glob Public Heal 2: ¢0000327. doi:
10.1371/journal.pgph.0000327.

6. Vidanapathirana G, Angulmaduwa S, Munasinghe T,
Ekanayake A, Kudagammana T, Dissanayaka N,
Liyanapathirana V (2020) Pneumococcal colonization among
healthy and hospitalized vaccine-naive Sri Lankan children.
Vaccine 38: 7308-15. doi: 10.1016/j.vaccine.2020.09.040.

7. Zhang C (2020) Streptococcus Pneumoniae colonization
among children in Galle, Sri Lanka: a cross-sectional study.
Duke University. Available:
https://hdl.handle.net/10161/20795.

8. Batuwanthudawe R, Karunarathne K, Dassanayake M, De
Silva S, Lalitha MK, Thomas K, Steinhoff M, Abeysinghe N
(2009) Surveillance of invasive pneumococcal disease in
Colombo, Sri Lanka. Clin Infect Dis 48(SUPPL. 2): 136-140.
doi: 10.1086/596492.

9.  Quintero B, Araque M, Van Der Gaast-De Jongh C, Escalona
F, Correa M, Morillo-Puente S, Vielma S, Hermans PW (2011)
Epidemiology  of  Streptococcus  pneumoniae  and
Staphylococcus aureus colonization in healthy Venezuelan

356



Gonapaladeniya et al. — Nasal carriage of pneumococci in children

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

children. Eur J Clin Microbiol Infect Dis 30: 7-19. doi:
10.1007/s10096-010-1044-6.

Marzoli F, Bortolami A, Pezzuto A, Mazzetto E, Piro R,
Terregino C, Bonfante F, Belluco S (2021) A systematic
review of human coronaviruses survival on environmental
surfaces. Sci  Total Environ 778: 146191. doi:
10.1016/j.scitotenv.2021.146191.

Bogaert D, Groot R de, Hermans P (2004) Streptococcus
pneumoniae colonisation: the key to pneumococcal disease.
Lancet Infect Dis 4: 144-54. doi: 10.1016/S1473-
3099(04)00938-7.

Hammitt LL, Etyang AO, Morpeth SC, Ojal J, Mutuku A,
Mturi N, Moisi JC, Adetifa IM, Karani A, Akech DO, Otiende
M (2019) Effect of ten-valent pneumococcal conjugate vaccine
on invasive pneumococcal disease and nasopharyngeal
carriage in Kenya: a longitudinal surveillance study. Lancet
393: 2146-54. doi: 10.1016/S0140-6736(18)33005-8.

Ngocho JS, Sebba J, Mtei M, Kinabo G, Mmbaga BT, de Jonge
M (2025) Emerging of non-vaccine Streptococcus pneumoniae
serotypes colonizing the nasopharynx of children under the age
of five years in the 13-vallent pneumococcal conjugate vaccine
era in Moshi district, Tanzania. a short communication.
Vaccine 48: 126724. doi: 10.1016/j.vaccine.2025.126724.
Department of Census and Statistics (2019) Vital statistics-
2019. Available:
http://www.statistics.gov.lk/Population/Vital Statistics-
2019#gsc.tab = 0;2019. Accessed: 10 March 2024.

Ozawa S, Chen HH, Rao GG, Eguale T, Stringer A (2021)
Value of pneumococcal vaccination in controlling the
development of antimicrobial resistance (AMR): case study
using DREAMR in Ethiopia. Vaccine 39: 6700-11. doi:
10.1016/j.vaccine.2021.04.024.

Cilloniz C, Garcia-Vidal C, Ceccato A, Torres A (2018)
Antimicrobial resistance among Streptococcus pneumoniae.
In: Antimicrobial resistance in the 21st Century. Cham,
Switzerland.  Springer International  Publishing.  doi:
10.1007/978-3-319-78538-7_2.

Chao Y, Marks LR, Pettigrew MM, Hakansson AP (2015)
Streptococcus pneumoniae biofilm formation and dispersion
during colonization and disease. Front Cell Infect Microbiol 4:
1-16. doi: 10.3389/fcimb.2014.00194.

Domenech M, Garcia E, Moscoso M (2012) Biofilm formation
in Streptococcus pneumoniae. Microb Biotechnol 5: 455-65.
doi: 10.1111/j.1751-7915.2011.00294 x.

Ciruela P, Soldevila N, Garcia-Garcia JJ, Gonzalez-Peris S,
Diaz-Conradi A, Redin A, Vinado B, Izquierdo C, Mufioz-
Almagro C, Dominguez A, Barcino Working (2022) Effect of
COVID-19 pandemic on invasive pneumococcal disease in
children, Catalonia, Spain. Emerg Infect Dis 28: 2321-5. doi:
10.3201%2Feid2811.211741.

Olwagen CP, Downs SL, Izu A, Tharasimbi L, Van Der Merwe
L, Nunes MC, Madhi SA (2024) Bacterial nasopharyngeal
colonisation in children in South Africa before and during the
COVID-19 pandemic: an observational study. Lancet Microbe
5:e34-42. doi: 10.1016/S2666-5247(23)00260-4.

Petrovi¢ V, Milosavljevi¢ B, Djilas M, Markovi¢ M, Vukovi¢
V, Andrijevi¢ I, Ristic M (2022) Pneumococcal
nasopharyngeal carriage in children under 5 years of age at an
outpatient healthcare facility in Novi Sad, Serbia during the
COVID-19 pandemic. 1JID 4: 88-96. doi:
10.1016/].ijregi.2022.07.001.

Rybak A, Levy C, Angoulvant F, Auvrignon A, Gembara P,
Danis K, Vaux S, Levy-Bruhl D, van der Werf S, Béchet S,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

J Infect Dev Ctries 2026; 20(3):350-358.

Bonacorsi S (2022) Association of nonpharmaceutical
interventions during the COVID-19 Pandemic with invasive
pneumococcal disease, pneumococcal carriage, and respiratory
viral infections among children in France. JAMA Netw Open
5:€2218959. doi: 10.1001/jamanetworkopen.2022.18959.
Marmaras N, Xirogianni A, Papandreou A, Petinaki E,
Papaevangelou V, Tsolia M, Tzanakaki G (2021)
Pneumococcal serotype identification by capsular sequence
typing (Cst): a modified novel approach for serotyping directly
in clinical samples. Diagnostics 11: 2353. doi:
10.3390/diagnostics11122353.

Weerasekera MM, Wijesinghe GK, Jayarathna TA,
Gunasekara CP, Fernando N, Kottegoda N, Samaranayake LP
(2016) Culture media profoundly affect Candida Albicans and
Candida tropicalis growth, adhesion and biofilm development.
Mem Inst Oswaldo Cruz 111: 697-702. doi: 10.1590/0074-
02760160294.

Peiris M, Fernando N, Jayaweera P, Weerasekera M,
Gunasekara C (2019) Bacteria mediated silver nanoparticles:
comparison as potent antibiofilm agents. Sri Lankan J Infect
Dis 9: 13-23. doi: 10.4038/sljid.v9i1.8227.

Wijesinghe G, Dilhari A, Gayani B, Kottegoda N,
Samaranayake L, Weerasekera M (2019) Influence of
laboratory culture media on in vitro growth, adhesion, and
biofilm formation of Pseudomonas aeruginosa and
Staphylococcus aureus. Med Princ Pract 28: 28-35. doi:
10.1159/000494757.

Stepanovi¢ S, Vukovi¢ D, Hola V, Bonaventura GD, Djuki¢ S,
Cirkovi¢ I, Ruzicka F (2007) Quantification of biofilm in
microtiter plates: overview of testing conditions and practical
recommendations for assessment of biofilm production by
staphylococci. APMIS 115:891-900. doi: 10.1111/j.1600-
0463.2007.apm_630.x.

Department of Census and Statistics Sri Lanka (2019)
Household Income and Expenditure Survey—2019. Available:
http://www.statistics.gov.lk/Resource/en/Income AndExpendit
ure/HouseholdIncomeandExpenditureSurvey2019FinalResult
s.pdf; 2019. Accessed:15 June 2024.

Liyanage IK (2014) Education system of Sri Lanka: strengths
and weaknesses. Educ Syst Sri Lanka: 116-40.

Nation ML, Manna S, Tran HP, Nguyen CD, Vy LT, Uyen DY,
Phuong TL, Dai VT, Ortika BD, Wee-Hee AC, Beissbarth J
(2023) Impact of COVID-19 nonpharmaceutical interventions
on pneumococcal carriage prevalence and density in Vietnam.
Microbiol Spectr 11: e03615-22. doi:
10.1128/spectrum.03615-22.

Willen L, Ekinci E, Cuypers L, Theeten H, Desmet S (2022)
Infant pneumococcal carriage in Belgium not affected by
COVID-19 containment measures. Front Cell Infect Microbiol
11:1-5. doi: 10.3389/fcimb.2021.825427.

Danino D, Ben-Shimol S, Van Der Beek BA, Givon-Lavi N,
Avni YS, Greenberg D, Weinberger DM, Dagan R (2021)
Decline in pneumococcal disease in young children during the
COVID-19 pandemic in Israel associated with suppression of
seasonal respiratory viruses, despite persistent pneumococcal
carriage: a prospective cohort study. Clin Infect Dis 75: e1154—
el1164. doi: 10.1093/cid/ciab1014.

Lee NY, Song JH, Kim S, Peck KR, Ahn KM, Lee SI, Yang Y,
Li J, Chongthaleong A, Tiengrim S, Aswapokee N (2001)
Carriage of antibiotic-resistant pneumococci among Asian
children: a multinational surveillance by the Asian Network for
Surveillance of Resistant Pathogens (ANSORP). Clin Infect
Dis 2: 1463-1469. doi: 10.1086/320165.

357



Gonapaladeniya et al. — Nasal carriage of pneumococci in children

34.

35.

36.

Balsells E, Guillot L, Nair H, Kyaw MH (2017) Serotype
distribution of Streptococcus pneumoniae causing invasive
disease in children in the post-PCV era: a systematic review
and meta-analysis. PLoS One 12: e0177113. doi:
10.1371/journal.pone.0177113.

Kobayashi M, Conklin LM, Bigogo G, Jagero G, Hampton L,
Fleming-Dutra KE, Junghaec M, Carvalho MD, Pimenta F,
Beall B, Taylor T (2017) Pneumococcal carriage and antibiotic
susceptibility patterns from two cross-sectional colonization
surveys among children aged < S years prior to the introduction
of 10-valent pneumococcal conjugate vaccine - Kenya, 2009-
2010. BMC Infect Dis 17: 1-12. doi: 10.1186/s12879-016-
2103-0.

Manenzhe RI, Dube FS, Wright M, Lennard K, Mounaud S,
Lo SW, Zar HJ, Nierman WC, Nicol MP, Moodley C (2020)

37.

38.

J Infect Dev Ctries 2026; 20(3):350-358.

Characterization of pneumococcal colonization dynamics and
antimicrobial resistance using shotgun metagenomic
sequencing in intensively sampled South African infants. Front
Public Heal 8: 1-11. doi: 10.3389/fpubh.2020.543898.

Silva ME, Oliveira JR, Carvalho AG, Santos DG, Lima NC,
Santos FA, Taborda RL, Rodrigues RS, Dall’ Acqua DS, Matos
NB (2022) Colonization by Streptococcus pneumoniae among
children in Porto Velho, Rondonia, Western Brazilian
Amazon. Brazilian J Biol 82: 1-11. doi: 10.1590/1519-
6984.260617.

Traba C, Liang JF (2012) Susceptibility of Staphylococcus
aureus biofilms to reactive discharge gases. Biofouling 27:
763-72. doi: 10.1080%2F08927014.2011.602188.

358



	Introduction
	Methodology
	Study design and setting
	Study population and sampling
	Data collection
	Laboratory testing
	Statistical analysis

	Results
	Baseline characteristics
	Laboratory results
	The antibiotic susceptibility patterns of S. pneumoniae
	Biofilm formation ability of S. pneumoniae

	Discussion
	Conclusions
	Acknowledgements
	Funding
	Data Availability Statement
	Authors Contributions
	Corresponding author
	Conflict of interest
	References

