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ABSTRACT

Among bacterial diseases occurring in children, Mycoplasma pneumoniae infection remains a diagnostic

challenge due to different clinical presentation. Its most common manifestation is atypical pneumonia, with

a mild course and persistent dry cough. Detection of the pathogen is based on immunological methods and

polymerase chain reaction (PCR) testing; chest X-ray may also be helpful. Infection can lead to severe com-

plications in many organs, especially in children and elderly individuals. Non-obvious laboratory and imaging

findings, along with the increasing resistance of bacteria to antibiotics, make it increasingly challenging to

treat effectively and quickly. This work aimed to report several cases of M. pneumoniae infection in pediatric

patients, who developed myocarditis, meningitis, and Stevens-Johnson syndrome in the course of or as a result

of the disease.
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INTRODUCTION

Mpycoplasma pneumoniae, a small Gram-negative bac-
terium, is the most common cause of atypical pneumonia
in children, accounting for up to 40% of out-of-hospital
cases [1]. Infections peak in autumn and winter, but occur
year-round, especially in crowded settings. Transmission
is via droplets, with an incubation period of one to three
weeks [2]. The primary presentation is atypical pneumo-
nia, though extra-pulmonary complications may occur,
notably affecting the nervous (e.g., meningitis, myelitis),
cardiovascular (e.g., myocarditis), lymphatic, muscular,
and joint systems [3]. This manuscript described four pe-
diatric cases, one with pulmonary and three with extra-
pulmonary involvements.

ADDRESS FOR CORRESPONDENCE:

CASE DESCRIPTIONS

CASE1

A previously healthy 16-year-old male, engaged in
sports, and without chronic conditions or regular medi-
cations, was admitted to the pediatric department due
to a prolonged respiratory tract infection unresponsive
to outpatient treatment. His history included a fever up
to 39.7°C, with only moderate response to antipyretics,
and respiratory symptoms beginning two weeks prior.
Initial lab results showed elevated inflammatory mark-
ers (C-reactive protein [CRP]: 109.33 mg/l; N < 5 mg/1)
and mild thrombocytopenia (platelet count [PLT]:
158 x 10%/ul). He was started on amoxicillin-clavulanic
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FIGURE 1. Patients’ chest X-rays. Case 1 showing features of lobar pneumonia (A), and case 2 revealing atelectasis-inflammatory changes

in the left lung (B)

acid and symptomatic therapy. Despite a decrease in CRP
(63.45 mg/1), his fever persisted, and clinical status wors-
ened. A third-generation cephalosporin was introduced
without significant improvement. New-onset right sub-
costal pain led to referral for further evaluation.

On admission, he was febrile, in average general condi-
tion, with impaired respiratory function but no increased
respiratory effort. Vital signs included SpO, of 94%, bood
pressure (BP) of 110/80 mmHg, and heart rate (HR) of
100 bpm. Physical examination revealed diminished breath
sounds, right-sided basal crackles, and severe right sub-
costal tenderness.

Laboratory tests showed markedly elevated CRP
(153,13 mg/1), normal procalcitonin (PCT) (0.209 ng/ml;
N < 0.50 ng/ml), neutrophilia (8.11 x 10%/ul), elevated
D-dimer (18,379 ng/ml; N < 500 ng/ml), and a slightly
increased International Normalized Ratio (INR) (1.27;
N: 0.8-1.2). Blood cultures were negative.

Chest X-ray revealed confluent maculopapular and
dehiscent inflammatory or atelectatic lesions in the right
middle and lower lung fields, obliteration of the right
diaphragmatic angle, and pleural effusion (Figure 1A).
While awaiting microbiological results, third-generation
cephalosporin therapy was continued, but later switched
to a glycopeptide due to suspected abscess formation.

Following a drop in oxygen saturation to 92% and lack
of clinical improvement, a chest computed tomography
(CT) revealed extensive parenchymal consolidation with
air bronchograms in the right lung, consistent with lobar
pneumonia involving the entire middle lobe and most
of the lower lobe, sparing segment VIII. Minor subpleu-
ral consolidations were noted in the left lung, with a small
right pleural effusion (10 mm) present. Polymerase chain
reaction (PCR) confirmed M. pneumoniae, with no other
common bacterial pathogens. Immunoglobulin M (IgM)
titers were significantly elevated (> 200 U/ml).

Clarithromycin was initiated, with vancomycin initially
continued, and then replaced with a third-generation
cephalosporin. The patient’s condition progressively im-
proved, with resolution of right-sided crackles, reduced
fatigue, and lung ultrasound showing regression of atelec-
tasis and pleural effusion. Inflammatory markers declined
(CRP: 10.16 mg/l; D-dimer: 3,635 ng/ml). Follow-up chest

X-ray demonstrated partial resolution of right lung opa-
cities and decreased hilar enlargement.

The patient was discharged with a 21-day clarithro-
mycin regimen. Two-week follow-up ultrasound showed
areduced consolidation (2 x 1.8 cm), with complete reso-
lution after four weeks.

CASE 2

A 17-year-old boy was brought to the hospital by
emergency medical services (EMS) due to a 20-minute
episode of compressive retrosternal chest pain (6/10 NRS),
which resolved spontaneously without medication or loss
of consciousness. The pain was non-respiratory-related,
with no dyspnea or reduced exercise tolerance. At home,
BP was 87/37 mmHg and HR 80/min. EMS recorded BP
of 120/80 mmHg, HR of 87/min, and electrocardiogram
(ECG) showed ST elevation in II, III, and aVF leads.
He had been on a first-generation cephalosporin for pha-
ryngitis with fever.

The patient had no chronic conditions and was fully
vaccinated. On admission, he appeared well but had
a dry paroxysmal cough, a 2/6 systolic murmur, and
mild crackles in the left lung. Lab results showed elevated
inflammatory markers, creatine kinase isoenzyme MB
(CK-MB) (14 ng/ul, N < 6.22 ng/l), and troponin (272 pg/l,
N < 14.0 ng/pl), with normal pro-B-type natriuretic pep-
tide (pro-BNP) (61.2 ng/l, N < 486 ng/1). Chest X-ray re-
vealed atelectasis-inflammatory changes in the left lung
(segment 5) (Figure 1B). Severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), influenza, and respi-
ratory syncytial virus (RSV) were ruled out. He was start-
ed on symptomatic treatment and amoxicillin-clavulanic
acid.

The next day, CK-MB rose to 19.05 ng/pl and troponin
to 617 ug/l. Echocardiography demonstrated slightly re-
duced left ventricular function (ejection fraction [EF]: 60%).
Repeat ECG showed persistent ST elevation and tachycardia
(HR: 100/min). PCR from sputum identified M. pneumo-
niae, prompting addition of clarithromycin and a third-
generation cephalosporin due to rising inflammation.

The patient improved clinically; fever resolved by day
three. Cardiac enzymes and inflammatory markers nor-
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malized. Cardiology consultation found no echo abnor-
malities, and ECG showed a negative T wave in lead III
and repolarization changes in the left precordial leads. He
was discharged in good condition.

One week later, lung ultrasound showed significant
resolution of inflammatory changes. Cardiac magnetic
resonance imaging confirmed acute active myocarditis
per 2018 Lake Louise criteria [4], with post-inflammatory
damage in the basal and mid-inferior/inferolateral seg-
ments of the left ventricle, but preserved right ventricular
function and borderline normal left ventricular systolic
function.

No pharmacologic cardiac support was needed. Holter
monitoring was normal. He was discharged with lifestyle
recommendations, BP monitoring, and a cardiology follow-
up in 3-4 weeks.

CASE 3

A 14-year-old boy was admitted due to severe dehy-
dration, general deterioration, and behavioral changes.
He had a week-long cough and, on the day of admission,
experienced severe vomiting and headache without fever,
unresponsive to paracetamol. His history included allergies
to grasses and mites, and full vaccination per schedule.

On admission, he appeared pale and dehydrated, with
two-finger neck stiffness. Despite normal blood work,
electrolytes, and negative antigen tests (influenza A/B,
RSV, SARS-CoV-2), a head CT was unremarkable. Cere-
brospinal fluid (CSF) analysis showed mild pleocytosis
(26 cells/pl) and elevated protein (69 mg/dl), with PCR
negative for common pathogens. Acyclovir was initiated
for suspected viral meningitis.

Due to persistent cough without auscultatory find-
ings, lung ultrasound was performed revealing left-sided
consolidation consistent with pneumonia. Serology con-
firmed M. pneumoniae infection (IgM and IgG > 200 U/ml
[> 25 positive]), indicating mycoplasmal pneumonia with
extra-pulmonary meningitis. Clarithromycin was started,
but later switched to doxycycline after an infectious dis-
ease consultation.

The patient’s condition steadily improved, with follow-
up ultrasound confirming regression of lung inflamma-
tion.

CASE 4

A 7-year-old boy was admitted with extensive stoma-
titis, conjunctivitis, and a persistent fever up to 39°C
lasting for two days despite symptomatic treatment. Ini-
tially managed as an outpatient, he showed temporary im-
provement before symptom recurrence, with a dry cough,
chest pain during swallowing and coughing, worsening
oral lesions, and new purulent and blistering eruptions
on the upper lip. Amoxicillin-clavulanic acid and cho-
line salicylate gel were added, but symptom progression,

including a productive cough with blood-streaked spu-
tum, prompted hospital referral.

The child had no chronic illnesses, allergies, or ongo-
ing medications, and was fully vaccinated. His history in-
cluded erythema nodosum. On admission, he was febrile,
mildly dehydrated, and weak, with conjunctival injection
and painful mucocutaneous lesions. Oral examination
revealed edema, vesicles, aphthae, and necrotic lesions
involving the lips, palate, and right cheek. Multiple small
vesicles on erythematous bases were present on the shoul-
der, scapula, clavicle, and right foot.

Lab results showed elevated inflammatory markers
and D-dimers. Chest X-ray indicated atypical pneumo-
nia, and Stevens-Johnson syndrome was diagnosed based
on clinical presentation. Microbiological tests excluded
Epstein-Barr virus (EBV), but serology showed strongly
positive M. pneumoniae IgM and negative IgG.

Empirical broad-spectrum antibiotics were started,
and then adjusted to clarithromycin following microbiolo-
gical confirmation. The patient also received IV immuno-
globulin, corticosteroid pulses, and topical treatments [5].
Ophthalmology and ENT consultations led to the addi-
tion of antibiotic and steroid eye drops [6]. Fever resolved
the next day, and skin lesions stabilized, with only a few
minor new lesions.

On day five, a urethral ulcer appeared, with intermit-
tent pain on urination; topical treatment was applied.
The patient’s condition gradually improved, with healing
of mucosal and skin lesions.

DISCUSSION

Pediatric cases of M. pneumoniae infection show con-
siderable variability in symptom progression. Although
common features include persistent cough, poor general
condition, and fever unresponsive to initial treatment,
diagnostic complexity arises from heterogeneous and
sometimes extra-pulmonary symptoms. Accurate diag-
nosis and appropriate pharmacotherapy are essential,
particularly in severe pediatric cases [7].

M. pneumoniae circulates year-round globally, with
epidemics in Europe every 1-3 years due to decreasing im-
munity in general population and bacterial variation [8].
COVID-19-related non-pharmacological measures tem-
porarily reduced its transmission [9]; however, a reduced
exposure and resumption of group childcare settings
have increased susceptibility and disease severity, includ-
ing extra-pulmonary complications. The rising antibiotic
resistance highlights the need for improved clinical reco-
gnition and disease management.

Pathogenesis involves ciliary dysfunction and epithe-
lial damage from bacterial hydrogen peroxide and dis-
mutase production [1]. Autoimmune phenomena may
result from molecular mimicry between bacterial glyco-
lipids and host antigens [1]. The infection typically pre-
sents as atypical pneumonia, most commonly in children
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TABLE 1. Antibiotics most commonly used in Mycoplasma pneumoniae infections

Antibiotics Macrolides

Azithromycin, clarithromycin,
roxithromycin

Tetracyclines

Doxycycline (high safety),
minocycline (strong effect)

Treatment of infections with
macrolide-resistant strains (MRMP)
Severe and untreatable pneumonia

Quinolones

Levofloxacin, ciprofloxacin,
moxifloxacin

Use Preferred group of antibiotics Alternative treatment Treatment of infections caused
In mild M. pneumonia In the absence of response to by MRMP strains
macrolides

Advantages Strong trans-tissue penetration Effective in infections Very effective, but not recommended
Fewer gastrointestinal side with MRMP strains for children due to the risk of cartilage
effects and tendon damage
Negligible resistance of M. pneumoniae
to antibiotics of this group
Recommended 10 mg/kg once daily p.o./i.v. First dose, 4 mg/kg (max. 200 mg), Levofloxacin:
dose and duration for 3 days then 2 mg/kg after 12, « children 6 months — 5 years old:
of treatment twice a day for 10 days 8-10 mg/kg twice a day

« 5—-16 years old: 8—10 mg/kg once a day
« > 16 years old: 500 mg/d (max. 750 mg/d)
for 7-14 days
Moxifloxacin:
« 10 mg/kg/d for 7-14 days

Disadvantages Resistance of M. pneumoniae to
antibiotics of this group

is steadily increasing

Tetracyclines should not be given
to children < 8 years old

Not recommended for children
< 18 years old

aged 5-15 years, but can affect all ages [10]. Prodromal
symptoms include rhinitis, fever, headache, malaise, and
sometimes otalgia, hoarseness, and myalgia. A severe dry
cough is characteristic, potentially progressing to dyspnea
and pertussis-like symptoms [11].
Extra-pulmonary manifestations may result from direct
infection, immune, or vascular responses, including [3, 12]:
« neurological: meningitis, encephalitis, optic neuritis,
Guillain-Barré syndrome,

o cardiovascular: myocarditis, pericarditis, arrhythmias,
thrombosis,

o dermatological: erythema nodosum, leukocytoclastic vas-
culitis, Stevens-Johnson syndrome, Kawasaki disease, etc.,

o renal: acute tubular necrosis, glomerulonephritis, inter-
stitial nephritis,

« gastrointestinal: abdominal pain, nausea, diarrhea, pan-
creatitis,

« hematological: hemolytic anemia due to antibody cross-
reaction,

o musculoskeletal: myalgia and arthralgia.

Furthermore, M. pneumoniae frequently co-infects
with viruses (e.g., adenovirus, RSV, influenza) and bacteria
(e.g., Streptococcus pneumoniae, Haemophilus influenzae)
[13]. Adenoviral co-infection is associated with wheez-
ing and increased extra-pulmonary complications [14],
whereas bacterial co-infections contribute to more severe
disease and complications, such as otitis media and menin-
gitis. Timely identification and combination of antimicro-
bial therapy improve outcomes [13, 14].

Diagnosis primarily relies on immunoassays detecting
IgM, IgG, and IgA antibodies; PCR is increasingly favored
for its high sensitivity and specificity (80-100%) [15].
IgM typically appears within a week of symptom onset,
peaking in the third week. A fourfold rise in IgG or ele-
vated IgM titers confirm infection. However, serology has
limitations, including delayed or absent responses, parti-
cularly in immunocompromised children and prolonged
IgG persistence [16].

Cold agglutinins are elevated in over half of infect-
ed patients, while leukocyte counts are usually normal.
Chest X-rays often reveal non-specific unilateral bronchial
lesions, primarily in the lower and middle lung zones. Exu-
dative pleuritis and mediastinal lymphadenopathy are rare.

Although often self-limiting, delayed antibiotic treat-
ment may lead to severe extra-pulmonary complications
[15]. Due to the absence of a cell wall, M. pneumoniae is
resistant to 3-lactams, glycopeptides, and fosfomycin [17].
Macrolides are first-line therapys; if ineffective, tosufloxa-
cin or tetracyclines are alternatives, but tetracyclines are
contraindicated in children under the age of 8 [18]. Table 1
lists commonly used antibiotics [16].

The overuse of macrolides, especially in mild or un-
confirmed M. pneumoniae cases, drives resistance and
should be avoided, as most such infections in children
are self-limiting and do not require antibiotics [19]. De-
spite growing resistance, macrolides are still widely used,
often alongside broad-spectrum antibiotics in pediatric
pneumonia patients [20]. Stewardship efforts should fo-
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cus on reserving macrolides for confirmed or severe in-
fections [19, 21]. The emergence of macrolide-resistant
M. pneumoniae (MRMP), especially in children, compli-
cates treatment and prolongs fever due to immune-medi-
ated inflammation [22]. In resistant cases, corticosteroids
may be used [18]. For severe extra-pulmonary manifesta-
tions (e.g., CNS involvement, mucocutaneous lesions, he-
matologic complications), intravenous immunoglobulin G
(IVIG) at 1 g/kg/day for 1-2 days is recommended
[5, 6, 23]. Vaccine development efforts are ongoing [24].

CONCLUSIONS

M. pneumoniae infection presents with diverse clini-
cal manifestations, complicating diagnosis and treatment.
Four illustrative cases are presented: (1) pneumonia of
M. pneumoniae etiology; (2) pneumonia with myocardi-
tis; (3) pneumonia with meningitis; and (4) multi-organ
M. pneumoniae infection with Stevens-Johnson syndrome.
Common symptoms include persistent cough and general
malaise, but extra-pulmonary complications, i.e., neuro-
logical, cardiovascular, or mucocutaneous, vary in severity.

Symptoms’ expression depends on various factors, such
as patient age, co-infections, and immune status. Accurate
diagnosis requires immunoassays and PCR, and treatment
must be tailored to disease severity and account for rising
macrolide resistance. The infection’s clinical variability un-
derscores the need for deeper understanding and targeted
therapeutic strategies.

DISCLOSURES

1. Institutional review board statement: Not applicable.
2. Assistance with the article: None.

3. Financial support and sponsorship: None.

4. Conflicts of interest: None.

REFERENCES

1. Lipinska-Opalka A, Wawrzyniak A, Milart J, et al. Variety of clinical
manifestations of Mycoplasma pneumoniae infection. Case report.
Pediatr Fam Med 2013; 9: 374-378.

2. Danner MT, Binns HC, Nguyen K, et al. Resurgence of pediatric Myco-
plasma pneumoniae infections in Southeast Texas, Nov 2023-June 2024.
J Pediatric Infect Dis Soc 2025; 14: piae119. DOI: 10.1093/jpids/piae119.

3. Bajantri B, Venkatram S, Diaz-Fuentes G. Mycoplasma pneumoniae:
a potentially severe infection. J Clin Med Res 2018; 10: 535-544.

4. Ferreira VM, Schulz-Menger J, Holmvang G, et al. Cardiovascu-
lar magnetic resonance in nonischemic myocardial inflammation:
expert recommendations. ] Am Coll Cardiol 2018; 72: 3158-3176.

5. Heuer R, Paulmann M, Annecke T, et al. $3 guideline: Diagnosis and
treatment of epidermal necrolysis (Stevens-Johnson syndrome and
toxic epidermal necrolysis) — Part 1: diagnosis, initial management,
and immunomodulating systemic therapy. ] Dtsch Dermatol Ges
2024; 22: 1448-1466.

6. Paulmann M, Heuer R, Annecke T, et al. 3 guideline: Diagnosis and
treatment of epidermal necrolysis (Stevens-Johnson syndrome and
toxic epidermal necrolysis) — Part 2: supportive therapy of EN in the
acute and post-acute stages. ] Dtsch Dermatol Ges 2024; 22: 1576-1593.

7. Yang S, Lu S, Guo Y, et al. A comparative study of general and se-
vere mycoplasma pneumoniae pneumonia in children. BMC Infect
Dis 2024; 24: 449. DOI: 10.1186/s12879-024-09340-x.

8. Meyer Sauteur PM, Beeton ML; European Society of Clinical
Microbiology and Infectious Diseases (ESCMID) Study Group for
Mycoplasma and Chlamydia Infections (ESGMAC), and the ESG-
MAC Mycoplasma pneumoniae Surveillance (MAPS) study group.
Mycoplasma pneumoniae: delayed re-emergence after COVID-19
pandemic restrictions. Lancet Microbe 2024; 5: e100-e101. DOI:
10.1016/52666-5247(23)00344-0.

9. Meyer Sauteur PM, Beeton ML; ESGMAC the ESGMAC MAPS
study group. Mycoplasma pneumoniae: gone forever? Lancet
Microbe 2023; 4: €763. DOI: 10.1016/S2666-5247(23)00182-9.

10. Rowlands RS, Meyer Sauteur PM, Beeton ML, on behalf of the Escmid
Study Group For Mycoplasma And Chlamydia Infections Esgmac.
Mycoplasma pneumoniae: not a typical respiratory pathogen. ] Med
Microbiol 2024; 73: 001910. DOTI: 10.1099/jmm.0.001910.

11. LiJ, Zhang H, Guo J, et al. Clinical features of Mycoplasma pneu-
moniae pneumonia in children without fever. BMC Pediatr 2024;
24:52. DOI: 10.1186/s12887-023-04512-1.

12. Piasecka Z, Knop-Chodyla, K, Wesolek-Bielaska E, et al. Different
faces of Mycoplasma pneumoniae in children - cardiological and
skin complications — case reports and literature review. Quality in
Sport 2024; 27: 55032. DOI: 10.12775/QS.2024.27.55032.

13. Rueda ZV, Aguilar Y, Maya MA, et al. Etiology and the challenge
of diagnostic testing of community-acquired pneumonia in children
and adolescents. BMC Pediatr 2022; 22: 169. DOI: 10.1186/s12887-
022-03235-z.

14. LiE Zhang 'Y, Shi P, et al. Mycoplasma pneumoniae and adenovirus
coinfection cause pediatric severe community-acquired pneumonia.
Microbiol Spectr 2022; 10: €0002622. DOI: 10.1128/spectrum.00026-22.

15. Tsai TA, Tsai CK, Kuo KC, et al. Rational stepwise approach for
Mycoplasma pneumoniae pneumonia in children. ] Microbiol
Immunol Infect 2021; 54: 557-565.

16. Gao L, Sun Y. Laboratory diagnosis and treatment of Mycoplasma
pneumoniae infection in children: a review. Ann Med 2024; 56:
2386636. DOI: 10.1080/07853890.2024.2386636.

17. LiuJ, He R, Zhang X, et al. Clinical features and “early” corticosteroid
treatment outcome of pediatric mycoplasma pneumoniae pneumo-
nia. Front Cell Infect Microbiol 2023; 13: 1135228. DOI: 10.3389/
fcimb.2023.1135228.

18. Oishi T, Ouchi K. Recent trends in the epidemiology, diagnosis, and
treatment of macrolide-resistant Mycoplasma pneumoniae. J Clin
Med 2022; 11: 1782. DOI: 10.3390/jcm11071782.

19. Pereyre S, Goret ], Bébéar C. Mycoplasma pneumoniae: current
knowledge on macrolide resistance and treatment. Front Microbiol
2016; 7: 974. DOI: 10.3389/fmicb.2016.00974.

20. Lipsett SC, Hall M, Ambroggio L, et al. Antibiotic choice and clini-
cal outcomes in ambulatory children with community-acquired
pneumonia. J Pediatr 2021; 229: 207-215.el. doi: 10.1016/j.jpeds.
2020.10.005.

21. Xie P, Zhang Y, Qin Y, et al. Macrolide resistance in Mycoplasma
pneumoniae in adult patients. Front Cell Infect Microbiol 2025; 15:
1496521. DOI: 10.3389/fcimb.2025.1496521.

22. Kim K, Jung S, Kim M, et al. Global trends in the proportion
of macrolide-resistant Mycoplasma pneumoniae infections: a sys-
tematic review and meta-analysis. JAMA Netw Open 2022; 5:
€2220949. DOI: 10.1001/jamanetworkopen.2022.20949.

23. Wang YS, Zhou YL, Bai GN, et al. Expert consensus on the diagno-
sis and treatment of macrolide-resistant Mycoplasma pneumoniae
pneumonia in children. World ] Pediatr 2024; 20: 901-914.

24. Jiang Z, Li S, Zhu C, et al. Mycoplasma pneumoniae Infections:
Pathogenesis and Vaccine Development. Pathogens 2021; 10: 119.
DOI: 10.3390/pathogens10020119.

Pediatria Polska — Polish Journal of Paediatrics 2025; 100

285



