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Mycoplasma pneumoniae MLST
detected in the upsurge of
pneumonia during the 2023 to 2024
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During the winter 2023-2024, an upsurge of Mycoplasma pneumoniae (M.pneumoniae) was noted

in the Netherlands. To investigate the distribution of M.pneumoniae sequence types from different
patient populations and to explore genotypic macrolide resistance which is common in East Asia

but not (yet) in Europe. M.pneumoniae positive throat/nasal samples from participatory respiratory
surveillance, patients visiting general practitioners with an acute respiratory infection including
community acquired pneumonia (CAP) and hospitalised patients with CAP were included, representing
different disease severity. The M.pneumoniae were typed with multilocus sequence typing and the 23 S
rRNA region was sequenced to determine macrolide resistance markers. In total, 153 M.pneumoniae
were sequenced, six sequence types (STs) and only one bacterium with macrolide resistance marker
were detected. No link between STs or bacterial load (PCR cycle threshold) and source population of
M.pneumoniae was detected. In the Netherlands, the M.pneumoniae upsurge in 2023-2024 existed

of multiple commonly found STs. No link between ST and severity of illness was detected. Macrolide
resistance remained sporadic.

Keywords Mycoplasma pneumoniae, MLST types, Resistance, CAP, Other acute respiratory illness, Hospital,
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Mycoplasma pneumoniae (M. pneumoniae) infection is a common cause of community-acquired pneumonia
(CAP), with regional outbreaks occurring every 2-7 years"2

In the Netherlands, prevalence of M. pneumoniae detections was relatively low since the last national outbreak
in the 2011/2012 winter until the winter of 2023/2024 which showed a steep increase in detections by Dutch
medical microbiology laboratories, based on the national laboratory-based reporting system “virologische
weekstaten” and in a regional hospital**. However, at that time no M. pneumoniae were typed and no resistance
for first choice treatment with macrolide antibiotics was determined.

In this retrospective sequence study, we therefore aimed to obtain a molecular epidemiological picture
of M. pneumoniae from cases with respiratory tract symptoms from (1) those self-reporting with ARI from
the community (Infectieradar), (2) those attending the general practitioner (GP) with community acquired
pneumonia (CAP) or other acute respiratory infections (ARI) (Nivel) and (3) hospitalised patients with CAP
during the winter of 2023/2024 in the Netherlands (Hospitals). In addition, we wanted to investigate macrolide
resistance given that recent publications show high levels of resistance (88-90%)".

Methods

Retrospective study

A retrospective study was undertaken on upper respiratory tract samples collected for either surveillance or
clinical diagnosis that were tested positive for M. pneumoniae by PCR.

IMaasstad Hospital, Rotterdam, The Netherlands. 2Centre for Infectious Disease Control, National Institute for
Public Health and the Environment, Bilthoven, The Netherlands. 3Franciscus Gasthuis and Vlietland Hospital,
Rotterdam, The Netherlands. “Nivel, Utrecht, The Netherlands. “email: SmitP@maasstadziekenhuis.nl

Scientific Reports|  (2025) 15:6985 | https://doi.org/10.1038/s41598-025-88990-6 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-88990-6&domain=pdf&date_stamp=2025-2-25

www.nature.com/scientificreports/

Sample origin

Only positive samples were included in this study. The positive samples originated from three sources that loosely
represent markers for disease severity, namely, patients with mild symptoms (Infectieradar), those visiting a GP
because of CAP or ARI symptoms (Nivel) and those hospitalized with ARI complaints (Hospitals).

Infectieradar

Infectieradar is a participatory syndromic and molecular surveillance system for ARI® Samples (nose swab and
throat swab combined in one tube virus transport medium (VTM)) are self-collected voluntarily by Infectieradar
participants after completing an online questionnaire in which they reported symptoms of an ARI. Samples are
submitted to RIVM where they are routinely tested for M. pneumoniae since the start of Infectieradar in 2022. M.
pneumoniae has been detected for the first time in samples collected in week 26/2023. M. pneumoniae positive
samples collected through week 9/2024 were included.

GPs of the Nivel Primary Care Database—GP sentinel surveillance

Nivel Primary Care Database — Sentinel Practice network performs sentinel clinical and virological surveillance
for ARI’. Each GP collects a nose swab and throat swab combined in one tube VTM from up to five patients
per week. M. pneumoniae positive samples from patients visiting a GP of the network and collected from week
40/2023 through week 5/2024 and analyzed at RIVM were included. In this period a targeted case-control study
was performed for potential causes of an unusual upsurge of CAP among older children and young adults
(manuscript in preparation). This case-control study included testing for bacteria, among which M. pneumoniae,
whilst routinely GP sentinel surveillance samples are only tested for respiratory viruses. The M. pneumoniae
positive samples originated from patients with an acute respiratory infection and diagnosed with CAP or with
another acute respiratory infection but not diagnosed with CAP or influenza-like illness (ILI) (further referred
to as OARI).

Hospitals

Since the COVID-19 pandemic, respiratory clinical samples at hospitals are collected by swabbing both the
throat and nasal area with a single swab. Samples from hospitalised CAP patients in two Rotterdam regional
hospitals (Maasstad Ziekenhuis and Franciscus Gasthuis) were included from week 16/2023 through week
9/2024. For diagnostic purposes, samples are routinely tested for M. pneumoniae on request of the treating
doctor of the patients. As of week 16/2023, an upsurge in detections of M. pneumoniae in 2023 was observed in
these hospitals. Therefore, samples were included since week 16/2023.

Laboratory methods

Respiratory clinical samples were either tested by commercial real-time PCR test (RespiFinder 2Smart,
PathoFinder, Netherlands; Infectieradar samples) which includes M. pneumoniae, in-house developed real-time
PCR test targeting the multicopy P1 adhesive gene of M. pneumoniae (hospital samples) or determined by real-
time BIOFIRE" FILMARRAY  Pneumonia Panel plus (GP sentinel surveillance and hospital samples) which
includes M. pneumoniae. M. pneumoniae positive samples were further analyzed and sequenced at Maasstad
Hospital. DNA was extracted using the Emag system (BioMerieux, France), Ct value determined by in-house
developed real-time PCR test (pl gene) and sequenced on Minion platform (Oxford Nanopore technologies,
Oxford, UK). P1 gene primer sequences were as follows: Forward: GGAACGCGAACCACTTGTGT, Reverse:
GATATAACCGCGCCTCAAAMC, probe: Yakima Yellow-ACTARTTCCGCTGGACRACCCCG.

The Multilocus Sequence Typing (MLST) scheme by PubMLST!%!!adjusted with adk, gmk and atpA outer
primer pairs from!?were used to obtain longer PCR products to better suit the workflow with the Nanopore
rapid barcoding kit (SQK-RBK114.96). PCRs consisted of an initial denaturation step of 3 min at 94 °C, followed
by 35 cycles of 60 s at 94 °C, 60 s at 60 °C, and 60 s at 72 °C. A final extension step was maintained for 10 min at
72 °C. After 35 cycles, PCR products were quantified by Qubit fluorometer (ThermoFischer, USA), normalised
and processed following the Rapid sequencing genomic DNA protocol before loading onto flow cells (R10.4.1)
on a Minlon 1B device. Fastq files were generated using MinKNow 24.02.8 and analysed using CLC genomic
Workbench 24.0.1 (Qiagen, Germany) using a custom workflow; reads were filtered on quality (Q>12) and
length (>100 bp), map long reads to reference tool (minimap2) was used to map reads to the eight MLST
reference genes, a consensus was generated per target (>20x coverage) using the MLST typing workflow. In
case 20x coverage was not obtained, alignment was manually curated to call the Sequence Type (ST) if possible.
A minimum spanning tree (UPGMA) was created in BioNumerics 7.6.3 (AppliedMaths, Biomerieux, France).
Potential macrolide resistance was called by sequencing a 654 bp region of the 23 S rRNA, targeting the hotspot
region for macrolide resistance markers'?, following the same workflow as for MLST®.

Results

A total of 209 M. pneumoniae positive throat and/or nasal swabs were included in this study of which 158
(76%) were successfully sequenced. The samples that could not be sequenced contained low bacterial load
(Cycle Threshold (Ct) value>35). Out of the 158 successfully sequenced samples, 44 (28%) were collected from
Infectieradar, 15 (9%) from patients attending the GP with an acute respiratory infection other than CAP or ILI
(OARI), 43 (27%) from patients attending the GP with clinically diagnosed CAP, and 56 (35%) from hospitalized
CAP patients (Table 1)0.154 (97%) were successfully typed by MLST and of 153 (96.8%) the genotypic macrolide
resistance was determined. For four samples the MLST was not conclusive for determination of the sequence
type and for five no 23 S rRNA sequence was obtained.
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# of MLST Typed samples

GP
Community CAP OARI Hospital
Setting N=441 N=43 N=152 N=563 Total
Age [median; IQR] (years) 45,5 [40,5-60,5] | 15[9,5-31] 21 [10,5-36] 36 [20-46,8] ?166—46]
Sex [n (%)]
Female 29 (65,9%) 16 (37,2%) 10 (47,6%) 25 (44,6%) | 78 (49%)
29,6 30,9
Cycle threshold value [median; IQR] 32[29,9-33,2] 30,8 [28,6-32,2] | 31,7 [29,6-32,7] > [28,2—
[25,9-32,3] 32,7]

Table 1. Description study population with successfully sequenced Mycoplasma pneumoniae positive samples,
the Netherlands, 2023/2024*. *n=number, GP = general practitioner, CAP = Community acquired pneumonia,
OARI =Other Acute Respiratory infection. 1 Of one no 23 S rRNA sequence was obtained due to low bacterial
load. 2 Of two no 23 S rRNA sequence was obtained due to low bacterial load. 3 Of four the MLST was
inconclusive, of which for two no 23 S rRNA sequence was obtained due to low bacterial load.

m ST2 (n=4)
m ST3 (n=51)
ST7 (n=40
| I || I I | ST14 (n=28)
I |  ST19 (n=2)

|
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Fig. 1. Number of samples typed by year and week of sample collection, the Netherlands, 2023/2024. Colour
indicates different MLST sequence types detected from all patient populations included in this study.

Sequence types
In total, 6 different sequence types (ST) were detected. No new ST was found in this study. Figure 1 shows the
distribution of ST detected by time of sampling.

To investigate prevalence of specific ST in hospitalized patients vs. milder cases from the GP or community
(Infectieradar) a minimum spanning tree was constructed to depict the ST in comparison to sampling source:
Infectieradar, GP visitors (CAP or OARI), and hospitalised patients (Fig. 2). No obvious difference in distribution
of ST by source of samples was detected. ST19 was only found in hospital samples, although rare (n=2) and ST2
was only found in small numbers in hospital (n=1) and Infectieradar (n=2) samples. Supplementary Table 1
provides an overview of the prevalence of each ST stratified by age groups.

Macrolide resistance

Macrolides and doxycycline antibiotics are the first-line treatment of confirmed M. pneumoniae respiratory
tract infections. Possible macrolide resistance was investigated by sequencing the 23 S rRNA region covering
A2058G/C/T, A2059G/C, A2062G and C2611A/G (E. coli numbering) marker nucleotide mutations associated
with macrolide resistance!®. For 153 samples the 23 S rRNA region was fully or partially successfully sequenced.
Only one sample showed a known resistance marker (A2058G, ST3, GP diagnosed CAP patient, no antibiotics
prescribed at consultation) indicating genotypic macrolide resistance was minimally present in our populations.
No other mutations were detected. Macrolide prescriptions was low for the GP population of M. pneumoniae
patients with successful macrolide resistance marker analysis (Table 2) while macrolides (azithromycin or
claritromycin) are the first choice of antibiotic for diagnosed M. pneumoniae CAP patients in the Netherlands
(NHG).
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Fig. 2. Minimum spanning tree depicting Mycoplasma pneumoniae sequence types (ST) and sampling location
(colours), the Netherlands, 2023/2024.

Discussion and conclusion

In a response to the increase of M. pneumoniae positive hospitalized patients during the 2023/2024 season in
the Netherlands and among GP diagnosed CAP patients (manuscript in preparation), this retrospective typing
study was conducted. We investigated M. pneumoniae positive samples from a diverse range of clinical settings,
to investigate possible over-representation of specific MLST sequence types in more severe cases and determine
presence of genotypic indication for macrolide resistance. Clinical samples obtained from participatory
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GP
CAP OARI
N=43 N=13

Amoxicillin 26 (60%) | 2 (15%)
Azithromycin 3 (7%) 0
Doxycycline 4(9%) 0

None reported 10 (23%) | 11 (85%)

Table 2. Antibiotic prescriptions GP (at first consultation) of M. pneumoniae positive patients with successful
macrolide resistance marker analysis.

surveillance (Infectieradar) and GP sentinel surveillance for acute respiratory infections or hospitalised patients
with a respiratory infection were included, representing different stages of M. pneumoniae infection severity.

When looking at the typing data, diverse STs were detected over time and multiple MLST profiles were found
at the three different settings, suggesting that the uprise of M. pneumoniae in the Dutch population was caused
by a diverse set of STs. The same predominant STs in this study (ST3, ST7 and ST14) were also predominantly
found in other countries>!>!4-16, Additionally, our data does not support a more virulent sequence type as five
ST were found both among community and GP patients with mild respiratory disease as well as in hospitalised
patients and GP patients with CAP. ST19 was only detected among hospitalised patients, but given there were
only two samples with ST19 no conclusions can be drawn. Neither do we see evidence for a M. pneumoniae load
difference (based on Ct value; Table 1) between the categorised samples. This is in-line with other studies that
also found no evidence for a link between bacterial load in nasopharynx/throat samples and clinical severity
of disease!'*. Many M. pneumoniae studies target children and adolescents because they suffer most of ‘walking
pneumonia, which is a mild case of CAP often caused by M. pneumoniae. Our study includes also a substantial
proportion adults of higher age as we included also mild cases with M. pneumoniae infection found in ARI
surveillance. No significant differences in ST distribution within each age group was found between age groups
(Supplementary Table S1).

In the National Dutch GP guideline, amoxicillin is the first-choice therapeutic agent for empiric treatment
of CAP patients, which is not appropriate for treatment of M. pneumoniae'*”. This policy is reflected by the
number of GP patients that received amoxicillin when consulting their GP with CAP in our study. Only few
got azithromycin or doxycycline prescribed. Azithromycin is second choice for young children and pregnant
women, whereas doxycycline is second choice for older children (=8 years) and adults. In the hospital setting
the first-choice antibiotic to treat mild to moderate unknown cause of origin CAP is amoxicillin, more severe
unknown cause of origin CAP patients is given cefuroxim or cefotaxim and ciprofloxacin'®. The use of
macrolides in outpatients and hospitals is relatively high in the Netherlands with ten years data 2014-2023 on
macrolide use in the Netherlands for outpatients mean 1.17 (range 1.07-1.22) DDD/1,000 inhabitant-days and
mean 2.82 (range 2.50-3.18) DDD/1,000 inhabitant-days for hospitals!?, although not known how frequently
used to treat a M. pneumoniae respiratory infection. Our study indicates that despite this common use, only
one (ST3) isolate from GP surveillance with genotypic indication for macrolide resistance was found among
the successfully sequenced isolates, which is in line with earlier Dutch data?® However, this seems surprising as
macrolide resistance in China (88%) and Japan is widely detected among the same M. pneumoniae STs found in
this study>!®2!(.These studies have found an association between the same STs found in our study and macrolide
resistance, which could not be confirmed in our study. Likely the more frequent use of macrolide antibiotics to
treat M. pneumoniae infection in those countries explains this observation’ rather than a certain ST has always
high prevalence of macrolide resistance. In addition, spread of resistant M. pneumoniae of certain ST might have
contributed to linkage of macrolide resistance with ST. In Europe, however, the rate of macrolide-resistant M.
pneumoniae is currently still low, ranging from 0 to 19% by country?>?. Therefore, our data suggest that in the
Netherlands, and likely in Europe as well?>?*, macrolides are still a good second-choice antibiotic if treatment
with amoxicillin fails in the absence of diagnostic testing of the possible cause of CAP, or a laboratory confirmed
M. pneumoniae pneumonia has been determined. Although doxycycline is second choice in older children and
adults in the Netherlands we have not looked into resistance, as doxycycline resistant M. pneumoniae from
clinical cases have previously never been reported!?.

One limitation of our study is that a more discriminatory typing method, e.g. culture combined with whole
genome sequencing, could be applied to provide a more in-depth analysis. However, given the diversity of
sequence types already discovered in our study, this would most likely not alter the overall outcome?>?¢. Another
limitation is that samples in the hospital part of our study that were tested for M. pneumoniae by PCR were
selected from patients with respiratory symptoms who had been tested first for influenza virus, Sars-CoV-2
and Respiratory Syncytial Virus infection with PCR. Furthermore, diagnostics in all populations included in
this study relied on molecular detection by PCR which has a known limitation for its inability to differentiate
between asymptomatic colonization or symptomatic infection?’. Therefore, linking detection of M. pneumoniae
in an upper respiratory tract sample to cause of CAP and severity of disease is challenging and requires other
approaches. Thirdly, we analysed data of people with respiratory symptoms. It is important to emphasise
that although the major clinical presentation is pulmonary infection, presentations with extrapulmonary
manifestations can occur, such as erythema exsudativum multiforme and encephalitis?®?°. However, there is no
evidence that specific ST are linked to these other presentations or lead to increased incidence of resistance when
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treated with macrolides®. Despite these limitations, our approach is fit for determining the level of macrolide
resistance and the distribution of ST in the upsurge of 2023/2024 in the Netherlands.

In conclusion, the upsurge of M. pneumoniae during the winter of 2023-2024 in the Netherlands, was caused
by multiple sequence types detected in multiple patient populations and that carried only sporadic macrolide
resistance.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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