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ARTICLE INFO ABSTRACT
Keywords: Background: Coronary artery dilation (CAD) had rarely been described as a cardiac complication
Coronary artery aneurysms of febrile disease other than Kawasaki disease (KD). There are rare cases complicated by CAD

Mycoplasma pneumonia
Febrile disease
Pneumonia

reported in patients with Mycoplasma pneumoniae (MP) infection.

Case presentation: A 6-year-old boy with severe Mycoplasma pneumoniae pneumonia (MPP) was
transferred to our hospital due to significant respiratory distress on the 11th day from disease
onset. Nadroparin, levofloxacin, and methylprednisolone followed by oral prednisone were
aggressively prescribed. His clinical condition gradually achieved remission, and the drugs were
withdrawn on the 27th day. Regrettably, the recurrent fever attacked him again in the absence of
infection-toxic manifestations. Necrotizing pneumonia (NP) was found on chest CT. And echo-
cardiography revealed right CAD (diameter, 3.40mm; z-score, 3.8), however, his clinical and
laboratory findings did not meet the diagnostic criteria of KD. CAD was proposed to result from
MP infection, and aspirin was prescribed. Encouragingly, the CAD regressed one week later
(diameter, 2.50mm; z-score, 1.4). Additionally, the child defervesced seven days after the initi-
ation of prednisone and Nadroparin treatment. The patient was ultimately discharged home on
the 50th day. During follow-up, the child was uneventful with normal echocardiography and fully
resolved chest CT lung lesions.

Conclusions: CAD can develop in patients with severe MP infection. Pediatricians should be alert
to the possibility of CAD in patients with severe MP infection and recognize that CAD might also
develop in febrile disease rather than KD.

Kawasaki disease
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1. Introduction

Coronary artery aneurysm (CAD) is a rare disease, occurs in 0.3-4.9 % of patients undergoing coronary angiography. It may lead to
fatal complications such as rupture, compression of adjacent cardiopulmonary structures, thrombosis, and distal embolism. The
pathophysiological mechanism of CAD in children is still unknown and may be related to proteolytic imbalance, abnormal immune and
inflammatory response [1]. Kawasaki disease (KD), the leading cause of acquired heart disease in children in developed countries, is
known as a form of vasculitis with unknown causes, can lead to CAD formation commonly [2,3]. In addition, CAD also can occur in
various inflammatory and infectious diseases, including systemic-onset juvenile idiopathic arthritis (SJIA) [4,5] polyarteritis nodosa

Fig. 1. A-B, Chest computed tomography (CT) identified bilateral diffuse parenchymal infiltration, lobar consolidation in the middle and lower
lobes of the right lung and the upper lobe of the left lung, and bilateral pleural effusions. C-D, Chest CT was repeated, revealing worsened lung
damage. E-F, On the 50th day after admission, chest CT showed lung lesions had partly resolved. G-H, Chest CT lung lesions completely resolved

during follow-up.



Y. Guo et al. Heliyon 9 (2023) 21385

(PAN) [6-9], systemic lupus erythematosus (SLE) [10-13], Epstein-Barr virus (EBV) infections [14-20], and Rickettsial infections
[21]. These illnesses may have similar clinical features to KD; thus, enhancing awareness of other febrile diseases which may induce
CAD is of great clinical significance to avoid misdiagnosis and thereby improve patient prognosis.

Mycoplasma pneumoniae (M. pneumoniae) is a common pathogen of the respiratory tract and is responsible for community-acquired
pneumonia in school-aged children and adults [22]. M. pneumoniae infection is generally a self-limited and mild illness; however,
clinical presentations vary from asymptomatic to severe complicated pneumonia with extrapulmonary manifestations. Some patients
with M. pneumoniae pneumonia (MPP) are resistant to macrolide antibiotic therapy (refractory MPP [RMPP]). RMPP is characterized
by prolonged fever and deteriorating radiological findings [23]. RMPP can involve extrapulmonary organs and tissues, including the
neurological, dermatological, digestive, hematopoietic, and musculoskeletal systems; sensory organs; and the urogenital tract [24].
Notably, although cardiac involvement in patients with MPP is well documented [23,25], coronary artery damage is rare. To date, only
two case of coronary artery lesions has been reported in MP infection [26,27].

In this study, we report the case of a 6-year-old boy with severe M. pneumoniae infection who developed CAD during the acute phase
of MPP. This report highlights that clinicians should pay attention to the cardiovascular system especially for the CAD. Additionally,
we performed a literature review on the presence of CAD in patients with febrile illnesses other than KD, aiming to increase under-
standing of the disease spectrum of pediatric CAD and avoid misdiagnosis of KD.

1.1. Case presentation

A 6-year-old male (height: 107.5cm, weight: 18.5kg), with no remarkable medical and family history, was admitted to the local
hospital due to fever, cough, dyspnea, nasal flaring, and grunting lasting four days. Physical examination showed body temperature
was 39.6 °C, respiratory rate was 48 breaths per minute, and oxygen saturation was 96 % undergoing mask oxygen inhalation (FiO2 40
%). He had the presence of nasal flaring, accessory respiratory muscle exertion (three depressions sign), scattered crackles, dullness to
percussion, decreased breath sounds, and grunting in the lung. No other positive findings, such as bilateral bulbar conjunctival in-
jection without exudates, rash, edema or erythema of the extremities, erythema of oral and pharyngeal mucosa, erythema of palms or
soles, and cervical lymphadenopathy, were identified by physical examination. Laboratory tests showed elevated levels of white blood
cells (17.23 x 109/L, normal range: 4.03-11.09 x 10°/L) with neutrophil dominance (89.9 %, normal range: 21.9%-68.5 %), C-
reactive protein (CRP) (211.66 mg/L, normal range: 0-8 mg/L), procalcitonin (1.69 ng/ml, normal range: <0.05 ng/ml), and serum
M. pneumoniae-immunoglobulin M (MP-IgM titer: 1:320, normal range: <1:160). Chest X-ray and computed tomography (CT) iden-
tified bilateral diffuse parenchymal infiltration, lobar consolidation in the middle and lower lobes of the right lung and the upper lobe
of the left lung, and bilateral pleural effusions (Fig. 1A and B). Based on the presence of dyspnea, nasal flaring, grunting, bilateral
pleural effusions, and multilobar infiltrates of the lungs, the diagnosis of severe MPP was established. Oral azithromycin (10 mg/kg on
day 1, followed by 5 mg/kg/day once daily on days 2-7), intravenous cefotaxime (150 mg/kg/day for seven days), and noninvasive
assisted ventilation were initiated.

On the 11th day following disease onset, the patient was transferred to the pediatric intensive care unit due to a deteriorating
clinical condition (persistent fever, severe cough, and significant respiratory distress). On arrival, his body temperature was 38.0 °C,
blood pressure was 106/74 mmHg, pulse was 140 beats per minute, respiratory rate was 60 breaths per minute, and oxygen saturation
was 95 % undergoing mask oxygen inhalation (FiO5 50 %). Physical examination revealed the presence of nasal flaring, accessory
respiratory muscle exertion (three depressions sign), scattered crackles, dullness to percussion, decreased breath sounds, and grunting
in the lung. Lung examination revealed scattered crackles, dullness to percussion, and decreased breath sounds in the upper lobe of the
left lung. The presence of bilateral bulbar conjunctival injection without exudates, rash, edema or erythema of the extremities, ery-
thema of oral and pharyngeal mucosa, erythema of palms or soles, periungual peeling of fingers and toes, or cervical lymphade-
nopathy, and other positive findings, were also not identified by physical examination. The liver function test showed elevated alanine
transaminase (115 U/L) and aspartate transaminase (263 U/L) levels and decreased serum albumin (27.6 g/L) and lactate dehydro-
genase (1376 U/L) levels. The repeated inflammatory indicators showed increased white blood cells (18.2 x 10%/1) with dominant
neutrophils (93.0 %), CRP (175.6 mg/L), and procalcitonin (0.7 ng/ml) levels. With normal erythrocyte sedimentation rate (ESR)
(12mm/h, normal range: 0-20mm/h) level and mormal interleukin-6 level (2.03pg/ml, normal range: <5.9pg/ml). And the level of
brain natriuretic peptide (BNP) was slight elevation (123.77pg/ml, normal range:0-100pg/ml). The coagulation function test showed
an increased D dimer index (9.12 mg/], normal range: <0.55 ml/]) and fibrin degradation products (28.8 pg/ml, normal range: <5 pg/
ml). The level of total IgE was 72.4IU/ml (normal range: < 60IU/ml) by humoral immune test, and the level of other indicators like IgG,
IgA, C3, C4, C1q were normal. The MP-IgM titer increased to >1:1280. On the 12th day following disease onset, fiber bronchoscopy
with bronchoalveolar lavage revealed plastic bronchitis with increased cell count (neutrophil dominance). The polymerase chain
reaction (PCR) assay was positive for M. pneumoniae and the bacterial culture and gram stain and fungal culture were negative in the
bronchoalveolar lavage fluid and sputum. Microbial environmental genome demonstrated the positive for MP infection and negative
for other microbiological pathogens. Tuberculosis and parasitic infection were not considered because the patient had a negative
history of probable contact and negative bacille Calmette-Guerin, purified protein derivative test, T-SPOT.TB (Oxford Immunotec,
Abbingdon, UK), and specific parasite antibody results. CMV-IgM, HSV-IgM, RV-IgM, EBV-IgM, JEV-IgM, EV71 antigen, coxsackie
virus antigen were all negative. We also tested the common respiratory virus pathogens, including influenza virus, adenovirus, and
respiratory syncytial virus, which were all negative by PCR assay in the bronchoalveolar lavage fluid and sputum. Chest X-ray showed
no changes in pulmonary imaging. Electrocardiography and echocardiography were normal. Based on the increased MP-IgM titer, the
patient’s deteriorated respiratory distress, persistent fever, and no changes in pulmonary imaging after oral azithromycin adminis-
tration for seven days, RMPP was proposed. Levofloxacin (8 mg/kg every 12 hours) and methylprednisolone (2 mg/kg/day for seven
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days) followed by oral prednisone (2mg/kg/d x 7days, 1mg/kg/d x 4 days, 0.5mg/kg/d x 3 days) were prescribed for 21 days. With
normal inflammatory mediator levels, the patient defervesced with resolved cough and respiratory distress three days after RMPP
treatment initiation. On the 27th day after admission, the patient achieved remission, and drugs were withdrawn.

Fever returned on the 28th day but without manifestations of infection. The signs of lung examination remained without accessory
respiratory muscle exertion, and other physical examinations, including bilateral bulbar conjunctival injection without exudates, rash,
edema & erythema of the extremities, erythema of oral and pharyngeal mucosa, erythema of palms or soles, periungual peeling of
fingers and toes, and cervical lymphadenopathy, were negative. Clinical history was re-evaluated, and further complementary tests
were done. Only increased CRP levels (41.1 mg/1) and erythrocyte sedimentation rate (ESR; 47 mm/h) were found. Tests for other
causative organisms, autoimmune disease, and immunocompromised host were negative. Chest CT was repeated, revealing worsened
lung damage (Fig. 1C and D). The imaging findings and the patient’s clinical manifestation strongly suggested necrotizing pneumonia
(NP). Echocardiography was routinely repeated to exclude KD because of the recurrent fever, elevated CRP levels, and ESR. A right
CAD with a z-score of 3.8 (diameter, 3.40 mm) was found (Fig. 2A), with a normal diameter of the left main coronary artery (LMCA,
2.55 mm (Fig. 2B),), proximal left anterior descending artery (LAD, 1.90 mm), and left proximal circumflex artery (LCX, 1.20 mm).
Atypical KD was initially suspected. A pediatric cardiologist was consulted; despite the positive findings of echocardiography, the
patient’s clinical (no physical signs of KD) and laboratory findings (only elevated level of CRP and ESR) did not meet the diagnostic
criteria for atypical KD according to the 2017 American Heart Association Recommendations for KD [1](If the patients have fever >
five days and two or three compatible clinical criteria with increased C-reactive protein (CRP)>30mg/l and/or erythrocyte sedi-
mentation rate (ESR)>40mm/h, while there are more than three supplemental laboratory criteria including albumin<30g/1, elevated
alanine aminotransferase (ALT) level, urine>10 WBC/hpf, white blood cell (WBC) count>15 x 109/1, platelet count after seven days
>450 x 10°/1, anemia for age, or less than three supplemental laboratory criteria but with positive echocardiogram, the diagnosis of
incomplete KD is established).

Therefore, CAD was thought to develop due to the M. pneumoniae infection other than KD, and aspirin (5 mg/kg per day) was
prescribed to treat the CAD. CAD regressed after one week, and aspirin was withdrawn. Echocardiography was thereafter performed
weekly, with no presence of coronary artery lesions during the remaining hospitalization time.

We speculated the recurrent fever might be attributed to NP-related pyrogenic products of inflammation and tissue destruction
because of the patient’s negative presentation of infection. Thus, conservative treatment for NP was initiated, including oral pred-
nisone (2 mg/kg/day) and nadroparin (75 U/kg/day). The patient defervesced seven days after NP treatment initiation. The pred-
nisone dose tapered to 1 mg/kg on days 8-14 and 0.5 mg/kg/day on days 15-21 (Fig. 3). On the 50th day, prednisone and nadroparin
were withdrawn because of his resolved clinical condition, and chest CT showed the lung lesions had partly resolved (Fig. 1E and F).

Fig. 2. A, right coronary artery aneurysm (CAD) with a z-score of 3.8 (diameter, 3.40 mm) was found on cardiac echocardiography at the 28th day.
B, left main coronary artery (2.55 mm) and left descending artery (1.90mm) with normal diameter at the 28th day. C, diameter of right coronary
artery aneurysm came to normal level (2.50 mm; z-score, 1.4) at the 42nd day, and with normal LCA (2.50 mm) in picture D.
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The patient’s clinical condition was ultimately controlled, and he was discharged home with normal inflammatory indicators and
blood coagulation function. During follow-up, the child was uneventful with normal echocardiography (Fig. 2C and D) and fully
resolved chest CT lung lesions. (Fig. 1G and H).

2. Discussion

A previous study demonstrated that children with M. pneumoniae infection can develop coronary artery lesions [26,27]; however,
to our knowledge, this is the second case to report CAD due to M. pneumoniae infection. In this study, we identified CAD as a cardiac
complication of M. pneumoniae infection after excluding the possibility of KD due to the absence of clinical and typical features of KD
during the disease course. The present case suggested CAD may develop in febrile illnesses other than KD. Moreover, the study
reviewed and summarized febrile illness (excluding KD) that can result in CAD development, which will benefit pediatricians in
clinical practice.

The underlying mechanisms regarding CAD development in a patient with MP infection remain elusive. First, patients with fever
and tachycardia had a greater myocardial demand for oxygen. Consequently, coronary blood flow may increase through the
compensatory dilation of coronary arteries [26]. However, previous studies have demonstrated that dimensions of coronary arteries of
children with prolonged fever are larger than those of healthy subjects but smaller than those of children suffering from KD [26].
Therefore, this mechanism could not explain the development of CAD in our patient. Second, several studies showed that patients with
KD receiving a prolonged course of corticosteroid had a high incidence of coronary artery abnormalities [28,29]. Notably, these
patients did not respond to initial IVIG treatment, which were identified as a risk factor for CALs [30]. Moreover, these studies were
limited by the small sample size and retrospective nature of the design. On the contrary, recent randomized controlled studies
demonstrated that primary IVIG infusion combined with corticosteroid decreased the incidence of coronary artery abnormalities in
patients with KD [31-34]. Similar findings were also reported in a Cochrane review [35]. Moreover, both the RAISE and Post-RAISE
study (multicenter randomized, open-label blinded-endpoints trail) in 2012 and 2018 further proved that the combination treatment
consisting of IVIG and a longer course of prednisolone decreased the incidence of coronary artery abnormalities among high-risk KD
patients for initial IVIG resistance predicted by Kobayashi risk-scoring system [33,36]. Thus, methylprednisolone administration might
also not be responsible for the development of CAD in our case. Third, emerging evidence indicated that coinfection with MP might be
a crucial cofactor for coronary artery disease [37]. MP was often detected in coronary plaques, mainly in the lipid cores of ruptured
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plaques. Moreover, coronary artery plaque was a potential role of atherogenesis in the evolution of CAD long after KD [38]. Therefore,
it suggested the direct vascular injuries might contribute to the development of CAD in patients with MP infection [39]. Lastly, another
potential mechanism would involve pathogenic proteins of MP infection. It bind to the endothelial cells and activates immune response
pathways, which produce cytokines and promote additional cellular damage [25]. However, the incidence of CAD associated with MP
infection may be underestimated. Because echocardiography is not a routine test for patients with MP infection. The detailed path-
ogenesis of coronary artery damage in febrile illness other than KD and the relationship between MP infection and coronary artery
involvement has not yet been identified. Therefore, more studies warrant to be carried out to explore the relationship between MP
infection and coronary artery involvement.

Although the etiology of KD is not well known, it is speculated that specific infection agents might cause genetic susceptibility in
certain children [40-42], which induces an aberrant immune response involving in the pathogenic process of this disease [43].
Notably, previous study found the overall positive rate of viral PCR referred to 50.4 % [42]. Therefore, the relationship between CAD,
MP infection, and KD needs to be further clarified since MP infection was supposed to be one of the predisposing factors of KD [30,
44-46] and CAD was considered one of the most common complications of KD [47]. The incidence of MP infection in KD was reported
to range from 3.4% to 10.7 % [44-46]. Despite the etiology of KD remains elusive, an abnormal and exaggerated inflammatory
response to one or more environmental triggers in genetically predisposed individuals has been implicated [48,49]. As an inflam-
matory Mycoplasma lipid-associated membrane protein, the M. pneumoniae N602 protein may represent potential superantigens for
the occurrence of uncontrolled immune response in KD [25]. In other words, MP infection might be an important causative agent for
KD. However, unlike previous studies, our case and Muniz’s study [26] provided additional evidence that MP infection could lead to
the occurrence of CAD in the absence of typical features of KD. Like myocarditis, pericarditis, and endocarditis, CAD and KD should be
regarded as two independent extrapulmonary complications of MP infection. Additionally, the management strategies were also
different between patients with CAD and KD after MP infection. The combination of IVIG and aspirin administration is the primary
therapy for KD patients with MP infection, while the macrolides and/or anticoagulants treatment is the cornerstone for patients with
severe MP infection and CAD.

Clinically, on the basis of the development of CAD in febrile children, pediatricians were more likely to propose the primary
diagnosis as atypical or incomplete KD. However, CAD was observed in various inflammatory and infectious diseases (Table 1),
including SJIA [4,5,50], PAN [6-9], SLE [10-13], and EBV infections [14-20]. These findings make it clear that the etiology of
coronary artery changes is not unique. Therefore, coronary changes should be carefully considered for the diagnosis of KD since
patients with SJIA, PAN, and SLE could also share clinical features with KD. For instance, a total of six cases were initially mis-
diagnosed with incomplete KD due to the development of CAD and ultimately diagnosed with SLE [10-12], SJIA [5,50], and PAN [7].
Additionally, it was found that CAD was one of the cardiovascular complications of EBV infection [14-20]. There were also over-
lapping clinical features between EBV infection and incomplete/atypical KD. In addition, children with MIS-C resulting from
SARS-CoV-2 can also develop CAD with an incidence of 13%-16.5 % [51,52]. These findings may have significant clinical implications
that some of the febrile cases with the presence of CAD primarily considered incompatible with KD should be reconsidered. Other
febrile diseases, including SJIA, PAN, SLE, EBV infection, and MP infection, should be excluded entirely before diagnosing incom-
plete/atypical KD since there were significant differences in the treatment strategies and prognosis of these diseases.

3. Conclusion
CAD can develop in patients with severe M. pneumoniae infection. Pediatricians should be aware of the possibility of CAD in patients
with severe M. pneumoniae infection and recognize that CAD may develop in febrile illnesses other than KD. Other febrile diseases,

including SJIA, PAN, SLE, EBV infection, and MP infection, should be excluded in patients complicated with CAD before diagnosing
incomplete/atypical KD.
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