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ABSTRACT This study aimed to characterize the frequency of asymptomatic group A
Streptococcus (GAS) carriage and respiratory virus detection, and to assess the utility
of GAS nucleic acid amplification tests (NAATs) as a microbiological screening method
during pharyngitis outbreaks. In this observational cross-sectional study, we recruited
healthy children and daycare employees from two daycare centers experiencing GAS
pharyngitis outbreaks. One throat swab was collected for GAS culture and NAAT, and
another for respiratory virus NAAT. All GAS isolates underwent whole-genome sequenc-
ing (WGS). A total of 87 individuals were enrolled: 68 children and 19 adults. GAS
was detected in 19/87 (22%) participants by culture, and 36/87 (41%) by NAAT. Most
isolates were emm1.0 in outbreak 1 (5/7, 71%) and emm4.0 in outbreak 2 (10/12,
83%). WGS demonstrated high genetic similarity within each outbreak (median 1.3-3
SNP differences). Respiratory virus detection rates were similar between GAS-positive
(10/19, 53%) and GAS-negative (33/68, 49%) individuals. In outbreak 1, enteroviruses
were more common among GAS-positive participants (4/7, 57%) than GAS-negative
participants (4/37, 11%; unadjusted P = 0.014). In conclusion, substantial asymptomatic
GAS carriage was observed. The contribution of concurrent respiratory virus circula-
tion to GAS transmission remains uncertain. However, enterovirus detection was more
frequent among GAS-positive individuals in one outbreak. The high sensitivity of GAS
NAATs, which detect nucleic acids rather than viable bacteria, may complicate efforts to
balance outbreak control with antimicrobial stewardship.
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S treptococcus pyogenes (group A Streptococcus, GAS) is an important bacterial cause
of pharyngitis, impetigo, and invasive infections (1-3). As part of its phenotypic
spectrum, asymptomatic throat carriage is well established and has been associated with
impetigo cases within and between households in communities with a high burden
of GAS infections (4-7). Prevalence of asymptomatic GAS throat carriage in children in
high-income countries was estimated to be 10.5% in a recent meta-analysis (5). GAS
can also cause outbreaks of pharyngitis or scarlet fever among children (8-10), although
respiratory viruses are a more common cause of acute pharyngitis in this age group
(11). Pharyngitis outbreaks in schools and daycare centers are often characterized by
unclear microbiological etiology, repeated antibiotic prescriptions, and extensive use of
diagnostic tests, placing a considerable burden on public health systems and clinical
microbiology laboratories.

Viral co-infections play an important role in the pathogenesis and transmission
of other bacterial respiratory pathogens, such as Streptococcus pneumoniae (12-16).
However, the role of respiratory viruses in GAS pharyngitis, particularly in relation to
diagnostics, transmission dynamics, and pathogenesis, remains less well understood and
has only recently become a focus of research (17-19).

The aim of this study was to document the frequency of asymptomatic GAS carriage
and the presence of respiratory viruses in the throat during suspected GAS pharyngitis
outbreaks in daycare settings. Additionally, we evaluated the utility of GAS nucleic acid
amplification tests (NAATSs) as a diagnostic tool during outbreak investigations.

RESULTS
Outbreak description

Two suspected daycare center outbreaks were identified and included in this observa-
tional cross-sectional study during the surveillance period. Investigation for outbreak
1 was launched, and sampling took place in early April 2019, after several months of
unusually frequent or repeated pharyngitis episodes reported in two daycare groups
of the daycare center. For outbreak 2, investigation and sampling were launched in
May 2019 after 2-3 weeks of increased pharyngitis incidence reported in four groups
of the daycare center. Altogether, 37 children and seven adults in outbreak 1 and 31
children and 12 adults in outbreak 2 participated in the study (Table 1). None of the study
participants had clinical pharyngitis during the sampling and were healthy enough to
participate in daycare/work normally. Of all eligible children attending daycare during
the outbreaks on the day of sampling, only one child in outbreak 2 did not consent

TABLE 1 Clinical characteristics of study participants in two group A Streptococcus (GAS) daycare
outbreaks

Outbreak 1 (n=44) Outbreak 2 (n=43) Total (n=2387)

Children, n (%) 37 (84) 31(72) 68 (78)
Median age, year [IQR] 4.4[3.8-5.2] 5.8[4.1-6.2] 4.9 [4.0-5.8]
Sex (female), n (%) 19(51) 10(32) 29 (43)
Rhinitis or cough in previous 7 days, n (%) 17 (46) 12 (39) 29 (43)°
Antibiotic treatment in previous 14 days, n (%) 4 (11) 6(19) 10(15)
Household contact with confirmed GAS 4(11) 7(23) 11(16)

infection, n (%)

Adults, n (%) 7(16) 12(28) 19(22)
Median age, year [IQR] 23.9[22.2-30.7] 36.3[31.7-44.2] 31.5[26.7-40.1]
Sex (female), n (%) 7 (100) 12(100) 19 (100)
Rhinitis or cough in previous 7 days, n (%) 6 (86) 5(42) 11 (58)°
Antibiotic treatment in previous 14 days, n (%) 0 0 0
Household contact with confirmed GAS 1(14) 0 1(5)

infection, n (%)

“Rhinitis or cough on the day of sampling (n = 3).
®Rhinitis or cough on the day of sampling (n = 0).
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to participate, resulting in an overall participation rate of 87/88 (99%) among eligi-
ble subjects. Following the public health intervention, which included throat culture
screening and antibiotic treatment for GAS-positive individuals, neither daycare center
reported ongoing pharyngitis outbreaks.

GAS detection

Of the 44 swabbed subjects in outbreak 1, seven (16%) were culture-positive for GAS,
and they were all children. In outbreak 2, 12 (28%) out of 43 subjects were GAS
culture-positive, of whom one was an adult (Fig. 1). GAS NAAT testing identified 22
subjects (50%) as GAS-positive in outbreak 1 and 14 subjects (33%) in outbreak 2. All GAS
culture-positive subjects were identified also with NAAT. There was a minor difference in
the performance of the two NAATs used; GAS positivity was 41% and 34% with Solana
and ID NOW Strep A2, respectively (Table S1). Most individuals with GAS detected by
throat culture were asymptomatic: only 1/19 (5%) subjects with positive throat culture
reported sore throat in the previous 7 days. In addition, 1/19 (5%) subjects with GAS-
positive throat culture and NAAT, and one additional subject with solely GAS-positive
NAAT, had cough on the day of sampling.

Previous GAS exposure

A total of 10 subjects reported receiving antibiotic treatment within the previous 14
days: eight for pharyngitis or another GAS infection, and two for acute otitis media. None
of these subjects tested GAS-positive by throat culture, and 2/10 were positive by NAAT.
Additionally, 12 subjects (11 children and one adult) reported a prior GAS infection in
a household member. Among them, three (25%) children were GAS-positive: three by
NAAT, and two out of these three also by throat culture.

GAS genotyping

All 19 GAS isolates were emm typed. In outbreak 1, emm1.0 was predominant, identified
in five of seven isolates (71%). In addition, one emm1.25 and one emm4.0 isolate were
detected. In outbreak 2, 10 out of 12 isolates (83%) were emm4.0, and two were emm28.0
(17%).

Whole-genome sequencing was successfully performed on 18 isolates to assess strain
clonality (Fig. 2). In outbreak 1, emm1.0 isolates differed by a median of 1 SNP (range: 1-2
SNPs, Table S2). Similarly, emm4.0 isolates from outbreak 2 were separated by a median
of three SNPs. One emm4.0 isolate in outbreak 2, which differed by sequence type (ST38)
from the others (ST39), showed a larger genomic difference, with a median of 283 SNPs.
A single emm4.0 isolate from outbreak 1 differed from emm4.0 isolates in outbreak 2 by
a median of 73 SNPs. The two emm28.0 isolates in outbreak 2 were closely related, with
only a four-SNP difference.

Subjects from both outbreaks were distributed across six different daycare groups.
GAS isolates from the same outbreak but different daycare groups were nearly identical,
differing by only 1-4 SNPs, indicating strong clonality.

Virus findings

In total, 24 subjects (55%) in outbreak 1 and 19 subjects (44%) in outbreak 2 had at least
one virus detected in throat swabs (Table 2). Overall, virus detection was not significantly
associated with GAS throat culture positivity. The most frequently identified respiratory
viruses were rhinovirus, adenovirus, and enterovirus.

In outbreak 1, enterovirus detection was associated with GAS positivity: enterovi-
ruses were detected in four of seven GAS-positive subjects (57%), compared to four
of 37 GAS-negative subjects (11%) (unadjusted P = 0.014; Table 2, Fig. 3). None of the
enterovirus-positive subjects had respiratory symptoms at the time of sampling, but 3/8
(38%) reported rhinitis/cough in the preceding 7 days.
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FIG 1 Schematic presentation of group A Streptococcus (GAS) findings based on throat culture (A)
and nucleic acid amplification (B) during outbreaks in two daycare centers. Black figures represent

GAS-negative and yellow figures GAS-positive individuals (created in BioRender).

DISCUSSION

In this observational study of two pharyngitis outbreaks in a daycare setting, asympto-
matic GAS carriage and respiratory virus detection in the throat were prevalent among
children. Overall, virus co-detection was not associated with asymptomatic GAS throat
carriage. However, in the other outbreak, enteroviruses were detected more frequently
in GAS-positive individuals than in GAS-negative individuals. Rapid NAATs were more
sensitive than throat culture for GAS detection. If NAATs had been used as the micro-
biological screening method during the outbreak, a greater number of asymptomatic
children would have been treated with antibiotics.

Previous studies have described a high proportion of asymptomatic GAS throat
carriage during pharyngitis outbreaks in daycare and school settings, and our results
reinforce these findings (8-10). Most of the asymptomatic GAS carriers identified in
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FIG 2 Phylogenetic relation of group A Streptococcus isolates identified from two outbreaks (nyota) = 18, outbreak 1 in blue, outbreak 2 in orange). emm-types,

sequence types (ST), and daycare group (DC groups) are shown.

this study were children (Fig. 1), which emphasizes the relatively minor role of daycare
employees in the transmission dynamics. In outbreak 1, where GAS transmission likely
occurred over several weeks or months prior to intervention, lower bacterial densities or
remnants of GAS could potentially explain the higher rate of GAS NAAT positivity (22/44,
50%) compared to throat culture (7/44, 16%). Another potential explanation for the
difference in GAS detection by throat culture versus NAAT between the outbreaks could
be related to distinct features of different dominant emm types (emm?1.0 vs emm4.0).

The detected emm types, primarily emm1.0 and emm4.0, correlate with the temporal
distribution of emm types observed in confirmed pharyngitis and invasive GAS cases in
the same region of Finland (20). A recent study from Iceland reported the emergence of
isolates with similar genetic backgrounds from both asymptomatic carriage and invasive
infections, suggesting that, in children, carriage serves as a reservoir for both transmis-
sion and disease (21). In our study, whole-genome sequencing was used to confirm the
clonality of the isolates within the outbreaks. The low SNP differences between isolates
of the same emm type support the hypothesis of local GAS spread during the outbreak.
However, single isolates with differing emm types within an outbreak could reflect true
asymptomatic carriage unrelated to the ongoing outbreak.

The role of viral co-infection in the transmission of Streptococcus pneumoniae has
been demonstrated in epidemiological models, controlled human infection studies, and

TABLE 2 Virus findings in group A Streptococcus throat culture-positive and -negative individuals

Throat culture result Outbreak 1 (n = 44) Outbreak 2 (n = 43)
GAS +ve GAS -ve GAS +ve GAS —-ve
(n=7) (n=37) (n=12) (n=31)
Any respiratory virus positive, n (%) 5(71) 19(51) 5(42) 14 (45)
Rhinovirus, n (%) 3(43) 9(24) 3(25) 13(42)
Adenovirus, n (%) 2(29) 6(14) 1(8) 1(3)
Enteroviruses, n (%) 4 (57)° 4(11)?° 0 0
Influenza A, n (%) 0 2 (5) 0 0
Bocavirus, n (%) 1(14) 0 1(8) 0
CoVOC43, n (%) 0 2(5) 0 0
CoV229E, n (%) 0 1(3) 1(8) 0
CoVNL63, n (%) 0 1(3) 0 0

aStatistically significant difference (P < 0.05). GAS, group A Streptococcus; +ve, positive; —ve, negative; CoV,
coronavirus.
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FIG 3 Cluster of enterovirus findings in group A Streptococcus (GAS) throat culture-positive children in
outbreak 1. Black figures represent GAS- and enterovirus-negative (n = 33), yellow figures GAS-positive
and enterovirus-negative (n = 3), blue figures GAS-negative and enterovirus-positive (n = 4), and green
figures GAS- and enterovirus-positive (n = 4) individuals (created in BioRender).

observational cohort studies (14-16). Given prior evidence of viral facilitation of bacterial
transmission in other respiratory pathogens, exploratory virus-specific analyses were
undertaken to identify potential signals warranting confirmation. In this exploratory
study, respiratory virus detection was not associated with simultaneous GAS throat
carriage. Nevertheless, the detection of an enterovirus cluster in GAS-positive children
during outbreak 1 suggests that respiratory viruses may increase the density of GAS
throat carriage and thereby enhance its detection by throat culture, directly influence
GAS transmission, or that GAS throat carriage increases the risk of enteroviral infection.
Screening all individuals with throat cultures and treating GAS-positive cases with
10 days of oral penicillin to control transmission remain controversial strategies (22-24).
One aim of this study was to evaluate the utility of rapid GAS NAAT as a diagnostic
alternative in screening healthy individuals in outbreak settings, where large volumes
of concurrent throat samples are typically collected. Our findings show that the GAS
detection rate was higher with NAATs than with throat culture, and that using NAAT
for GAS screening might have resulted in more asymptomatic individuals receiving
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antibiotic treatment. It must be emphasized that these tests were designed to detect
GAS in symptomatic individuals with acute pharyngitis and that, in this study, tests
were evaluated outside their intended use. The outbreaks were contained with current
practices; therefore, expansion of criteria for antibiotic treatment seems unnecessary. The
higher analytical sensitivity of GAS NAATs compared to throat culture is consistent with
previous findings in patients with acute pharyngitis (25, 26).

Limitations and strengths

This study has several limitations. First, the small sample size, influenced by non-phar-
maceutical interventions during the COVID-19 pandemic and the resultant absence
of GAS circulation, limits the statistical power and generalizability of our findings.
Second, we lacked a contemporaneous non-outbreak comparator, limiting our ability
to quantify how much carriage exceeded baseline. Third, the cross-sectional design
of the study precluded an evaluation of the impact of test-and-treat intervention on
GAS throat carriage over time. Fourth, the commercial GAS NAATs used in this study
provide only qualitative (positive vs negative) results without cycle threshold values, thus
preventing evaluation of bacterial density. Finally, as the data were collected exclusively
from healthy individuals, the results may not be directly applicable to settings where
symptomatic pharyngitis is more common. Despite these limitations, the study has
several notable strengths. The prospective design conducted during an active outbreak,
combined with pharyngeal sampling for both respiratory virus diagnostics and GAS
strain sequencing, provides a unique and comprehensive data set. These features
enhance the robustness of our findings, offering insights into GAS carriage and viral
co-infection in an outbreak setting.

Conclusions

Our study highlights the significant burden of asymptomatic GAS throat carriage, which
may serve as a reservoir for child-to-child transmission, repeated infections, and the high
morbidity associated with pharyngitis outbreaks in daycare settings. It remains to be
elucidated if respiratory virus co-infections facilitate GAS transmission and potentially
accelerate the spread of the infection within the daycare environment. GAS NAATs detect
bacterial nucleic acids instead of live bacteria, which may not be optimal for balancing
outbreak containment with the judicious use of antibiotics. Our findings emphasize the
need for prospective, longitudinal studies to further investigate the role of pharyngeal
respiratory virus co-infections in shaping the clinical phenotype, transmission dynamics,
and pathogenesis of GAS in both children and adults.

MATERIALS AND METHODS
Surveillance of GAS outbreaks

As part of routine communicable disease surveillance, daycare centers in Turku, Finland,
report any unusual infection activity to the local public health team. If clinical assessment
suggests a potential ongoing GAS outbreak, such as an increase in cases of pharyngitis,
impetigo, or perianal dermatitis, a survey is distributed to the guardians of children
attending the affected daycare unit. The purpose of the survey is to determine whether
children have tested positive for GAS. According to the guidelines of the Finnish Institute
for Health and Welfare, a GAS outbreak in a daycare setting (children aged 1-6 years)
is suspected when >20% of children in a group are reported to have tested positive
for GAS within a two-week period. Once this threshold is met, throat culture screening
of all children and staff in the affected daycare groups is recommended to identify
asymptomatic carriers. Individuals who test positive for GAS are advised to complete
a 10-day course of oral penicillin, and hygiene measures are implemented to reduce
further transmission.
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Study design, participants, and outcomes

We did an observational cross-sectional study in daycare centers undergoing GAS
outbreak investigations in collaboration with the local public health team in Turku,
Finland. On-site throat sampling was carried out for all children and staff who were
healthy enough to be present in the affected daycare unit on the day of the investiga-
tion. Children absent on the sampling day were not included; reasons for absence (e.g.,
acute illness, recent antibiotic treatment) were not systematically recorded. The inclusion
criteria for the study were the same as those for the public health intervention: children
and staff who were present in the affected unit during the investigation. Mild symptoms
(e.g., cough, rhinorrhea during the past 7 days) that did not prevent children from
attending daycare on the day of sampling were not considered exclusion criteria. The
study procedures included obtaining written informed consent from the guardians of
eligible children and from adult daycare staff, collecting an additional throat swab for
viral diagnostics alongside the routine throat culture, and administering a structured
questionnaire to all participants.

Participants were recruited from suspected GAS outbreaks in daycare centers during
the surveillance period between April 2019 and March 2021. However, it is important
to note that the circulation of GAS and the incidence of pharyngitis outbreaks were
substantially affected by non-pharmaceutical interventions implemented in response to
the COVID-19 pandemic in Finland, starting in March 2020.

Microbiological analysis

Throat swabs (ESwab, Copan Diagnostics Inc., Italy) were cultured on selective strep-
tococcal agar, i.e., sheep blood agar (Oxoid/Thermo Fisher Scientific, USA) supplemen-
ted with colistin and oxolinic acid, for the identification of beta-hemolytic colonies.
Suspected GAS isolates were initially confirmed using the Lancefield antigen aggluti-
nation test, and S. pyogenes was confirmed using a MALDI-TOF mass spectrometry
instrument (Bruker Daltonics GmbH, Germany). GAS isolates identified, along with the
original throat swabs, were transferred to the University of Turku for further emm typing
and NAAT testing. All GAS isolates were emm typed following the protocols of the U.S.
Centers for Disease Control and Prevention (CDC) (27). Isolates were processed using
study codes and contained no personal identifiers.

Direct identification of GAS from throat swabs was performed using two commercial
nucleic acid amplification tests: the Solana GAS assay (QuidelOrtho, USA) and the ID
NOW Strep A2 assay (Abbott, USA). The tests were performed from the same swab used
for bacterial culture, according to the manufacturers’ instructions as previously described
(28).

Throat swabs (FLOQSwabs, Copan Diagnostics Inc., Italy) were collected and
transported in dry sterile test tubes for virus detection. To extract total nucleic acids,
each swab was swirled in 1 mL PBS, and 550 pL of the suspension was processed
using NucliSENS easyMAG extractor (BioMerieux, The Netherlands) with a 55 pL elution
volume. Viruses were detected using Allplex Respiratory Panels 1-3 (Seegene, South
Korea), according to manufacturers’ instructions.

Genomic analysis

For whole-genome sequencing, genomic DNA was extracted using NucleoSpin Microbial
DNA Mini Kit (Macherey-Nagel, Germany). The sequencing was performed on an lllumina
Nextseq2000 sequencer with 150 bp paired-end reads (lllumina, USA). The sequencing
library was prepared with Nextera XT library preparation kit (Illumina, USA). The genomic
analyses were performed on CLC Genomics Workbench (25.0) with the Microbial
Genomics Module (QIAGEN Digital Insights, Denmark). The multi-locus sequence typing
(MLST) analysis and mapping of reads against a reference genome (NCTC13751) were
performed using “Type a Known species” pipeline. A maximume-likelihood phylogenetic
tree and a SNP matrix were calculated using the “Create SNP Tree” pipeline with the
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GTR as the nucleotide substitution model, and the gamma distribution parameter was
estimated.

Statistical analysis

Descriptive statistics are presented as percentages. For comparisons of categorical
variables, the Chi-square test with Yates’ continuity correction or Fisher’s exact test
was applied, as appropriate. A P-value < 0.05 was considered statistically significant. All
statistical analyses were performed using RStudio (version 2024.12.0 + 467; R Foundation
for Statistical Computing, Vienna, Austria) with the “stats” package.

ACKNOWLEDGMENTS

We thank all the study subjects, their families, staff at the day care centers, and research
nurse Kaisu Kaistinen for her contribution to the data collection. Part of the data included
in this manuscript has been presented previously as a poster at the annual meeting of
the European Society for Paediatric Infectious Diseases in Copenhagen, Denmark, on
20-24 May 2024.

This study was funded by grants from the Sohlberg Foundation; the Finnish
Medical Foundation; the Outpatient Research Foundation; the Foundation for Paediatric
Research; Governmental research funding (to L.I.); and Academy of Finland (grant no.
308482 to J.V.). The funders had no role in study design, data collection and interpreta-
tion, or the decision to submit the work for publication.

K.G.-Y-H., KA., JV, VP, and L.l. developed the study protocol with input from the
other authors. L.I. applied for ethical clearance and oversaw the clinical part of the
study. Recruitment, sample collection, and clinical data collection were organized and
performed by M.V. and L. K.G.-Y-H.,, MW, RO, M.V, TK,, KR-J., and J.V. developed the
laboratory methods and analyzed the samples. K.G.-Y.-H. and L.Il. conducted the data
analysis, with support from TK. and M.W. K.G.-Y.-H. and L.I. wrote the first draft of the
paper, and all authors contributed to the writing of the paper and approved the final
version.

During the preparation of this work, the authors used ChatGPT (Version 1.2024.332)
to revise the language of the manuscript. g.e.d. Science was used for gap analysis. After
using these tools, the authors reviewed and edited the content as needed and took full
responsibility for the content of the publication.

AUTHOR AFFILIATIONS

'Institute of Biomedicine, University of Turku, Turku, Finland

*Clinical Microbiology, Turku University Hospital, Turku, Finland

*Wellbeing Services County of Southwest Finland, Turku, Finland

“*Department of Mathematics and Statistics, University of Turku, Turku, Finland
*Department of Clinical Medicine, University of Turku, Turku, Finland

®Department of Paediatrics and Adolescent Medicine, Turku University Hospital and
University of Turku, Turku, Finland

’InFLAMES Research Flagship Center, University of Turku, Turku, Finland

AUTHOR ORCIDs

Kirsi Grondahl-Yli-Hannuksela @ http://orcid.org/0000-0003-1479-8925
Lauri Ivaska 2 http://orcid.org/0000-0001-8935-5032

FUNDING

Funder Grant(s) Author(s)
Paivikki ja Sakari Sohlbergin Saatio Lauri Ivaska
Suomen Ladketieteen Saatio Lauri lvaska

Month XXXX Volume 0 Issue 0

Microbiology Spectrum

10.1128/spectrum.03802-25 9


http://orcid.org/0000-0003-1479-8925
http://orcid.org/0000-0001-8935-5032
http://dx.doi.org/10.13039/501100004212
http://dx.doi.org/10.13039/100008723
https://doi.org/10.1128/spectrum.03802-25

Downloaded from https://journals.asm.org/journal/spectrum on 15 June 2026 by 130.232.200.55.

Research Article

Microbiology Spectrum

Funder Grant(s) Author(s)
The Outpatient Research Foundation Lauri Ivaska
Lastentautien Tutkimussaatio Lauri Ivaska
Governmental Research Funding Lauri Ivaska
Academy of Finland 308482 Jaana Vuopio

AUTHOR CONTRIBUTIONS

Kirsi Grondahl-Yli-Hannuksela, Conceptualization,

Data curation,

Formal analysis,

Investigation, Methodology, Project administration, Resources, Supervision, Validation,
Writing - original draft, Writing - review and editing | Matti Waris, Conceptualization,
Data curation, Formal analysis, Investigation, Methodology, Writing - review and editing
| Riikka Osterback, Data curation, Formal analysis, Methodology, Writing - review and
editing | Jutta Peltoniemi, Data curation, Investigation, Writing - review and editing
| Mirva Virolainen, Data curation, Formal analysis, Investigation, Methodology, Writing
- review and editing | Kari Auranen, Conceptualization, Formal analysis, Methodology,
Writing - review and editing | Teemu Kallonen, Data curation, Formal analysis, Methodol-
ogy, Software, Writing - review and editing | Kaisu Rantakokko-Jalava, Conceptualization,
Data curation, Methodology, Writing - review and editing | Jaana Vuopio, Conceptual-
ization, Formal analysis, Funding acquisition, Resources, Writing - review and editing
| Ville Peltola, Conceptualization, Investigation, Writing - review and editing | Lauri
Ivaska, Conceptualization, Data curation, Formal analysis, Funding acquisition, Investiga-
tion, Methodology, Project administration, Resources, Software, Supervision, Validation,

Visualization, Writing - original draft, Writing - review and editing

DATA AVAILABILITY

All sequencing data are deposited into the National Center for Biotechnology Informa-
tion Sequence Read Archive under BioProject PRINA1458093.

ETHICS APPROVAL

The study was done in accordance with the Declaration of Helsinki. The study protocol
was approved by the Ethics Committee of the Hospital District of Southwest Finland
(136/1801/2017), Turku University Hospital (T348/2017), and the Turku Communal Health
Care. Written informed consent was obtained from the guardians of all participating
children and from adult participants prior to any study procedures. All research samples
and data were pseudonymized before analysis.

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Tables S1 and S2 (Spectrum03802-25-S0001.pdf). Table S1: Diagnostic performance
of GAS NAATs in comparison with throat culture. Table S2: SNP matrix of GAS isolates
included in WGS analysis.

REFERENCES

1.

Botteaux A, Budnik I, Smeesters PR. 2018. Group A Streptococcus
infections in children. Curr Opin Infect Dis 31:224-230. https://doi.org/10
.1097/QC0.0000000000000452

Brouwer S, Rivera-Hernandez T, Curren BF, Harbison-Price N, De Oliveira
DMP, Jespersen MG, Davies MR, Walker MJ. 2023. Pathogenesis,
epidemiology and control of group A Streptococcus infection. Nat Rev
Microbiol 21:431-447. https://doi.org/10.1038/541579-023-00865-7

Month XXXX Volume 0 Issue 0

Walker MJ, Barnett TC, McArthur JD, Cole JN, Gillen CM, Henningham A,
Sriprakash KS, Sanderson-Smith ML, Nizet V. 2014. Disease manifesta-
tions and pathogenic mechanisms of group A Streptococcus. Clin
Microbiol Rev 27:264-301. https://doi.org/10.1128/CMR.00101-13
DeMuri GP, Wald ER. 2014. The group A streptococcal carrier state
reviewed: still an enigma. J Pediatric Infect Dis Soc 3:336-342. https://doi
.0rg/10.1093/jpids/piu030

10.1128/spectrum.03802-25 10


http://dx.doi.org/10.13039/501100005744
http://dx.doi.org/10.13039/501100002341
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1458093/
https://doi.org/10.1128/spectrum.03802-25
https://doi.org/10.1097/QCO.0000000000000452
https://doi.org/10.1038/s41579-023-00865-7
https://doi.org/10.1128/CMR.00101-13
https://doi.org/10.1093/jpids/piu030
https://doi.org/10.1128/spectrum.03802-25

Downloaded from https://journals.asm.org/journal/spectrum on 15 June 2026 by 130.232.200.55.

Research Article

Month XXXX Volume 0

Oliver J, Malliya Wadu E, Pierse N, Moreland NJ, Williamson DA, Baker
MG. 2018. Group A Streptococcus pharyngitis and pharyngeal carriage: a
meta-analysis. PLoS Negl Trop Dis 12:e0006335. https://doi.org/10.1371/
journal.pntd.0006335

Armitage EP, de Crombrugghe G, Keeley AJ, Senghore E, Camara FE,
Jammeh M, Bittaye A, Ceesay H, Ceesay |, Samateh B, et al. 2024.
Streptococcus pyogenes carriage and infection within households in The
Gambia: a longitudinal cohort study. Lancet Microbe 5:679-688. https://
doi.org/10.1016/52666-5247(24)00046-6

Lacey JA, Marcato AJ, Chisholm RH, Campbell PT, Zachreson C, Price DJ,
James TB, Morris JM, Gorrie CL, McDonald M, et al. 2023. Evaluating the
role of asymptomatic throat carriage of Streptococcus pyogenes in
impetigo transmission in remote Aboriginal communities in Northern
Territory, Australia: a retrospective genomic analysis. Lancet Microbe
4:e524-e533. https://doi.org/10.1016/52666-5247(23)00068-X

Smith TD, Wilkinson V, Kaplan EL. 1989. Group A Streptococcus-
associated upper respiratory tract infections in a day-care center.
Pediatrics 83:380-384.

Falck G, Kjellander J. 1992. Outbreak of group A streptococcal infection
in a day-care center. Pediatr Infect Dis J 11:914-919. https://doi.org/10.1
097/00006454-199211110-00002

Cordery R, Purba AK, Begum L, Mills E, Mosavie M, Vieira A, Jauneikaite E,
Leung RCY, Siggins MK, Ready D, et al. 2022. Frequency of transmission,
asymptomatic shedding, and airborne spread of Streptococcus pyogenes
in schoolchildren exposed to scarlet fever: a prospective, longitudinal,
multicohort, molecular epidemiological, contact-tracing study in
England, UK. Lancet Microbe 3:e366-e375. https://doi.org/10.1016/5266
6-5247(21)00332-3

Ivaska L, Niemeld J, Lempainen J, Osterback R, Waris M, Vuorinen T,
Hyténen J, Rantakokko-Jalava K, Peltola V. 2017. Aetiology of febrile
pharyngitis in children: potential of myxovirus resistance protein A
(MxA) as a biomarker of viral infection. J Infect 74:385-392. https://doi.or
9/10.1016/,jinf.2017.01.002

Klugman KP, Chien Y-W, Madhi SA. 2009. Pneumococcal pneumonia and
influenza: a deadly combination. Vaccine (Auckl) 27:C9-C14. https://doi.
org/10.1016/j.vaccine.2009.06.007

Wolter N, Tempia S, Cohen C, Madhi SA, Venter M, Moyes J, Walaza S,
Malope-Kgokong B, Groome M, du Plessis M, et al. 2014. High
nasopharyngeal pneumococcal density, increased by viral coinfection, is
associated with invasive pneumococcal pneumonia. J Infect Dis
210:1649-1657. https://doi.org/10.1093/infdis/jiu326

Karppinen S, Terdsjarvi J, Auranen K, Schuez-Havupalo L, Siira L, He Q,
Waris M, Peltola V. 2017. Acquisition and transmission of Streptococcus
pneumoniae are facilitated during rhinovirus infection in families with
children. Am J Respir Crit Care Med 196:1172-1180. https://doi.org/10.11
64/rccm.201702-03570C

Mitsi E, Nikolaou E, Goncalves A, Blizard A, Hill H, Farrar M, Hyder-Wright
A, Akeju O, Hamilton J, Howard A, et al. 2024. RSV and rhinovirus
increase pneumococcal carriage acquisition and density, whereas nasal
inflammation is associated with bacterial shedding. Cell Host Microbe
32:1608-1620. https://doi.org/10.1016/j.chom.2024.07.024

Besteman SB, Bogaert D, Bont L, Mejias A, Ramilo O, Weinberger DM,
Dagan R. 2024. Interactions between respiratory syncytial virus and
Streptococcus pneumoniae in the pathogenesis of childhood respiratory
infections: a systematic review. Lancet Respir Med 12:915-932. https://d
0i.0rg/10.1016/52213-2600(24)00148-6

Issue 0

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Microbiology Spectrum

Turner CE. 2023. Can group A streptococcus infections be influenced by
viruses in the respiratory tract? Lancet Infect Dis 23:142-144. https://doi.
org/10.1016/51473-3099(22)00865-9

Shapiro DJ, Lindgren CE, Neuman MI, Fine AM. 2017. Viral features and
testing for streptococcal pharyngitis. Pediatrics 139:20163403. https://d
0i.0rg/10.1542/peds.2016-3403

Ivaska L, Niemeld J, Grondahl-Yli-Hannuksela K, Putkuri N, Vuopio J,
Vuorinen T, Waris M, Rantakokko-Jalava K, Peltola V. 2022. Detection of
group A streptococcus in children with confirmed viral pharyngitis and
antiviral host response. Eur J Pediatr 181:4059-4065. https://doi.org/10.1
007/500431-022-04633-2

Virolainen M, Grondahl-Yli-Hannuksela K, Rantakokko-Jalava K, Seiskari
T, Lonnqvist E, Kolari T, Rissanen T, Hyyryldinen H-L, DICAR study group,
Vuopio J. 2024. Epidemiology and emm types among group A
streptococcal pharyngitis in Finland: a prospective laboratory-based
study. Eur J Clin Microbiol Infect Dis 43:233-241. https://doi.org/10.1007
/s10096-023-04714-6

Tomasdottir 1A, Erlendsdottir H, Kristinsdottir |, Kristinsson KG,
Haraldsson A, Beres SB, Olsen RJ, Musser JM, Thors V. 2025. A striking
increase in carriage among young children in Iceland paralleled the
unprecedented increase of invasive group A streptococcal infection
from 2022 to 2023. Pediatric Infectious Disease Journal 44:616-621. http
s://doi.org/10.1097/INF.0000000000004776

Honkanen P, Wikstén J, Blomberg H, Ivaska L, Manner T, Sarkkinen H,
Sipild R, Oksi J. 2020. Sore throat. current care guidelines. working group
set up by the finnish medical society Duodecim Helsinki: the finnish
medical society Duodecim. Finnish Treatment Guideline 2020. www.kay
pahoito.fi.

Shulman ST, Bisno AL, Clegg HW, Gerber MA, Kaplan EL, Lee G, Martin
JM, Van Beneden C. 2012. Executive summary: clinical practice guideline
for the diagnosis and management of group A Streptococcal pharyngi-
tis: 2012 update by the Infectious Diseases Society of America. Clin
Infect Dis 55:1279-1282. https://doi.org/10.1093/cid/cis847

National Institute for Health and Care Excellence (NICE). 2018. Sore
throat (acute): antimicrobial prescribing. NICE. https://www.nice.org.uk/
guidance/ng84.

Tanz RR, Zheng XT, Carter DM, Steele MC, Shulman ST. 2018. Caution
needed: molecular diagnosis of pediatric Group A streptococcal
pharyngitis. J Pediatric Infect Dis Soc 7:e145-e147. https://doi.org/10.10
93/jpids/pix086

Dubois C, Smeesters PR, Refes Y, Levy C, Bidet P, Cohen R, Chalumeau M,
Toubiana J, Cohen JF. 2021. Diagnostic accuracy of rapid nucleic acid
tests for group A streptococcal pharyngitis: systematic review and meta-
analysis. Clin Microbiol Infect 27:1736-1745. https://doi.org/10.1016/j.c
mi.2021.04.021

Centers for Disease Control and Prevention (CDC). 2026. Streptococcus
laboratory: M protein gene (Emm) typing. Available from: www.cdc.gov/
strep-lab/index.html

Kailankangas V, Vilhonen J, Gréndahl-Yli-Hannuksela K, Rantakokko-
Jalava K, Seiskari T, Auranen K, Lénnqvist E, Virolainen M, Hyyryldinen
HL, Oksi J, et al. 2023. Presence of Streptococcus pyogenes in the throat in
invasive Group A streptococcal disease: a prospective two-year study in
two health districts, Finland. Infect Dis (Lond) 55:405-414. https://doi.or
9/10.1080/23744235.2023.2192287

10.1128/spectrum.03802-25 11


https://doi.org/10.1371/journal.pntd.0006335
https://doi.org/10.1016/S2666-5247(24)00046-6
https://doi.org/10.1016/S2666-5247(23)00068-X
https://doi.org/10.1097/00006454-199211110-00002
https://doi.org/10.1016/S2666-5247(21)00332-3
https://doi.org/10.1016/j.jinf.2017.01.002
https://doi.org/10.1016/j.vaccine.2009.06.007
https://doi.org/10.1093/infdis/jiu326
https://doi.org/10.1164/rccm.201702-0357OC
https://doi.org/10.1016/j.chom.2024.07.024
https://doi.org/10.1016/S2213-2600(24)00148-6
https://doi.org/10.1016/S1473-3099(22)00865-9
https://doi.org/10.1542/peds.2016-3403
https://doi.org/10.1007/s00431-022-04633-2
https://doi.org/10.1007/s10096-023-04714-6
https://doi.org/10.1097/INF.0000000000004776
https://doi.org/10.1093/cid/cis847
https://www.nice.org.uk/guidance/ng84
https://doi.org/10.1093/jpids/pix086
https://doi.org/10.1016/j.cmi.2021.04.021
https://doi.org/10.1080/23744235.2023.2192287
https://doi.org/10.1128/spectrum.03802-25

	Detection of asymptomatic group A Streptococcus throat carriage and respiratory viruses during pharyngitis outbreaks in two daycare centers
	RESULTS
	Outbreak description
	GAS detection
	Previous GAS exposure
	GAS genotyping
	Virus findings

	DISCUSSION
	Limitations and strengths
	Conclusions

	MATERIALS AND METHODS
	Surveillance of GAS outbreaks
	Study design, participants, and outcomes
	Microbiological analysis
	Genomic analysis
	Statistical analysis



