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Background: This study aimed to summarize the experience in treatment of Mycoplasma pneumoniae
pneumonia (MPP) with worsening lung shadow despite treatment with appropriate antimicrobials and
corticosteroid in children.

Methods: All patients satisfied refractory MP pneumonia (RMPP) diagnostic criteria were enrolled. The clinical
manifestations, laboratory findings, imaging features, treatments, and outcomes were retrospectively reviewed.
Results: Six patients with an average age of 7.83£3.13 years old were included in this study. All the
patients were non-responsive to macrolide (ML) and glucocorticoids treatment shown by aggravated
clinical symptoms and chest radiographies. The average total duration of fever was 19.5+8.34 days and the
average time before levofloxacin (LVX) therapy was 10+2.97 days. After LVX treatment, the time of fever
was from 1 to 3 days in five cases and 11 days in one case. The MP-DNA copies in the sputum decreased
slowly after ML treatment in six patients, while they decreased quickly after LVX treatment in 5 children.
A2063G mutation of domain V of 2357RNA gene was found in five cases. Five patients recovered completely
16-32 days after treatment. One patient developed acute disseminated encephalomyelitis (ADEM) with
abnormal brain magnetic resonance imaging and occurred serious sequelae.

Conclusion: The sputum MP-DNA copies and clinical symptoms have a positive correlation with
therapeutic efficacy. LVX may be beneficial in treatment of ML-unresponsive and corticosteroid-resistant
RMPP in children. RMPP can be gradually cured by effective treatment of LVX, while which can damage

the nervous system and lead to severe complications once MP invades brain tissues.
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Introduction

Mycoplasma pneumoniae (MP) is the major bacterial pathogen
of airways which causes acute and chronic infections of the
respiratory tract and accounts for approximately 10-40% of
all lower respiratory tract infections including community-

acquired pneumonia (CAP) (1). Azithromycin has been
believed to exhibit satisfactory effects in the treatment
of Mycoplasma pnewmoniae pneumonia (MPP) in the
past (2). However, there are still some cases showing clinical

and radiological deterioration despite of macrolide (ML)
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antibiotic therapy for 7 days or longer (3) to be defined
as refractory Mycoplasma pneumoniae pneumonia (RMPP).
Recently, with the rapid increase in the macrolide-resistant
Mycoplasma pneumoniae pneumonia (MRMPP), in vitro
antimicrobial susceptibility testing showed that MP in most
cases was significantly resistant to MLs but sensitive to
tetracyclines and fluoroquinolones (4).

Japanese investigators have shown that minocycline can
be used in children aged >8 years old, and fluoroquinolones
can be applied in children aged <8 years old when ML
treatment is ineffective in MRMPP (5). Many studies have
reported (6-8) that fluoroquinolones [such as ciprofloxacin,
moxifloxacin and levofloxacin (LVX)] in combination with
glucocorticoid are effective in the treatment of MRMPP
and RMPP in children. In this study, we retrospectively
reviewed the clinical manifestations, laboratory findings,
imaging features, treatments, and outcomes in six children
who were treated with LVX after non-responses to MLs,
glucocorticoid, and immunoglobulin.

Methods
Children’ data

A retrospective medical chart review was performed.
Clinical features, laboratory data, radiological findings,
hospital course (hospital stays and hospitalization expenses),
complications, and treatments were recorded. A total of six
children were hospitalized in the Department of Pediatrics
of Yuying Children Hospital of Wenzhou Medical
University from December 2009 to April 2018. All patients
satisfied the RMPP diagnostic criteria.

Diagnosis of MPP and RMPP

MPP can be diagnosed by using an enzyme immunoassay.
An acute infection is indicated by the detection of
immunoglobulin (Ig) IgM. MP-IgM antibodies >1:160 or
a four-fold rise in IgG titer indicated MPP in pediatric
patients with pneumonia (9). Polymerase chain reaction
(PCR) analysis can also be used to detect MP in sputum
and nasopharyngeal or throat swabs. RMPP presents with
clinical and radiological deterioration despite ML antibiotic
therapy for >7 days (10).

Experimental methods
ELISA was used to measure MP-antibodies, including

IgG and IgM. Real-time fluorescent quantitative PCR was
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adopted to measure the MP-DNA load at different time
points, and the threshold for positivity was 2.5x10’ genomic
DNA copies per ml of sputum specimens. The sputum
was collected before and after ML and LVX therapies as
well as after discharge. Amplification of domain V of 23S
rRNA gene was performed by nested PCR, and then PCR
products (including the reference strain) were sequenced
(Sangon Biotech Co., Ltd., Shanghai, China). The DNA
sequences were compared with that of MP strain FH
(GenBank accession no. X68842) by BLAST, and then the

resistance gene mutation was identified.

Results
Baseline characteristics and clinical manifestations

A total of six patients were recruited in this study. There
were three males and three females with an average age of
7.83+3.13 years old (range, 6-14 years old). On admission,
the six patients had symptoms and signs of pneumonia,
including fever, cough, and abnormal breath sounds.
Headache and vomiting were noted in two cases, and
chest pain in one patient. The duration of fever prior to
admission ranged from 3 to 15 days (mean: 7+4.15 days).
The average total duration of fever was 19.5+8.34 days
(range, 9-31 days) and the average time before LVX therapy
was 10+2.97 days (range, 7-13 days). After LVX treatment,
the time of fever was from 1 to 3 days in five cases and
11 days in one case. The average hospital stay was
22.83+8.77 days in these children. The clinical
characteristics of these patients are displayed in Tizble 1.

Laboratory findings

All the patients had normal white blood cell (WBC) counts,
while the neutrophil percentage increased. The initial
mean WBC count was (8.1823.01)x10°/L (neutrophil
percentage: 0.84%+0.07%). C-reactive protein increased
dramatically in five children, but it was normal in one
case. The initial serum lactate dehydrogenase ranged
from 449 to 2,020 mg/L. Two children were diagnosed
with liver dysfunction due to the increases in alanine
aminotransferase. Hypoproteinemia was found in three
cases, cerebrospinal fluid abnormality in one case. Results
of PPD skin test, and bacterial cultures of sputum and
respiratory syncytial viruses, influenza viruses, parainfluenza
virus, and adenovirus showed negative. Sputum for MP-
DNA and serum for MP IgM antibody were positive in all
cases and the MP-DNA load was up to 10’ copies/mL (Max:
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Table 1 Clinical characteristics of five children with MRMPP

Lin et al. LVX in RMPP

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Gender Male Female Female Male Male Female
Age (years) 6 8 6 6 7 14
Symptoms Cough and Cough, fever, headache, Cough and Cough and Cough and Cough, fever,
fever vomiting, chest pain fever fever fever headache vomiting

Fever duration

Before LVX treatment (day) 7 12 8 13 13 7

After LVX treatment (day) 1 2 2 3 11 2
Total fever duration (day) 11 20 25 21 31 9
Fever (Tmax, °C) 40 39.5 40 40.1 40.8 39
Duration of hospital stay (day) 16 32 16 13 32 28

MRMPP, macrolide-resistant Mycoplasma pneumoniae pneumonia; LVX, levofloxacin.

10° copies/mL). After ML treatment, the sputum MP-
DNA load was still at a high level and it decreased slowly or
even increased again in six children. However, it decreased
significantly after LVX therapy in five cases. In one child,
the MP-DNA load was higher in sputum, throat swab, and
pleural effusion specimen about (2.7-2.86)x10" copies/mL.
Laboratory Findings in patients are shown in 7Table 2. The
A2063G point mutation was found in the domain V of
23S7RNA gene of five cases (Figure I). One case was not
detected because the test was not carried out at that time.

Radiograpbic findings

In six children, the chest X-ray or computed tomography
showed segmental or lobar alveolar infiltrates, and patchy
clouding opacity in unilateral lung (right: n=4; left: n=1;
both: n=1). Pulmonary consolidation was found in four
cases, pulmonary atelectasis in two, and pleural effusion
in five. The patients represented worsening lung shadow
despite treatment with appropriate antimicrobials
and adjunctive corticosteroid therapies (Figure 2).
Electroencephalographic abnormalities were observed in
three cases. One patient developed infection in both lungs
and acute disseminated encephalomyelitis (ADEM) with
abnormal brain magnetic resonance imaging (MRI) and
occurred serious sequelae in Figure 3.

Treatment

Four children received cephalosporin therapy before
admission and two children received azithromycin
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therapy or erythromycin treatment, but fever and cough
remained. On admission, six children received intravenous
azithromycin (10 mg/kg/day). All the patients showed
no clinical improvements or even clinical deteriorations
demonstrated by chest radiography after ML and immune-
modulators treatments. Thereafter, LVX therapy was
initiated, and informed consent was obtained from their
guardians before LVX therapy. LVX was administered
intravenously at 7.5 mg/kg/time (twice daily) for
5-14 days. The body temperature returned to normal
quickly in five cases at 1, 2, 2, 2, and 3 days and one case at
11 days after LVX treatment, respectively. Glucocorticoids
therapy was initiated in six children in whom intravenous
methylprednisolone was given at 1-2 mg/kg/day for
3-5 consecutive days in three cases, 10 mg/kg/day for
three consecutive days in two patients, and intravenous
dexamethasone was given at 0.1-0.25 mg/kg/day for 7 days
in one. After glucocorticoids therapy, the body temperature
returned to normal, which remained for 2-3 days in three
cases, but discontinuation of glucocorticoids treatment
caused the increase in body temperature; three child had
persistent fever after glucocorticoids treatment. Three
children were treated with intravenous immunoglobulin

(IVIG, 400 mg/kg/day) for three consecutive days.

Discussion

Since the ML-resistant MP was first reported in Japan in
2000, the number of MP isolates increased worldwide. The
ML resistance mechanism is usually related to the point
mutation of a specific locus in the domain V of 23S rRNA
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Table 2 Laboratory findings in 6 children

Patient  MP-DNA (sputum) 'EQZrlIJ?n'\;I MP-IgM (CSF) ALT,IU/L  LDH,IU/L  ALB,g/L WBC,10%L CRP mg/L ?:;?:5

1 A: 7x10° + NT 47 637 38 6.3 >200 A2063G
B: 3.1x10°
C: 4.4x10"

2 A:1.1x107 + - 45.9 449 27 10.3 >160 A2063G
B: 2.8x10’
C: 1.61x10°

3 A:9.1x10° + NT 89 499 29.8 4.4 >160 A2063G
B: 1.61x10°
C:1.8x10°

4 A - + NT 40 507 35 7.3 2 A2063G
B: 2.36x10’
C: 1.5x10°

5 A - + NT 153 2020 32 7.9 197 A2063G
B: 4.9x10’
C: 2.5x10°

6 A - + + 42 893 18 12.9 >200 NT
B: 2.09x10’
C: 1.8x10°

MP, Mycoplasma pneumoniae; CSF, cerebrospinal fluid; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; ALB, albumin; WBC,
white blood cell; CRP, C-reactive protein; A, before macrolide therapy; B, after macrolide therapy; C, after levofloxacin therapy.

gene (at positions 2063, 2064 and 2617), in which A-to-G
transition is the most common mutation (11). In this report,
A2063G mutation in the domain V of 23SrRNA gene
was found in five patients. Previous studies have shown
that, compared with ML sensitive MPP patients, ML
resistance MPP patients have longer total febrile period,
longer median fever duration after ML therapy, longer
median hospitalization duration, more extrapulmonary
complications, and more severe clinical radiological
manifestations (12). These were also confirmed in six
children treated in our hospital. These children with ML
resistance MPP showed persistent fever and radiographic
progression after ML treatment.

Glucocorticoids have strong anti-inflammatory effect
and immunosuppressive effect, and may be used for the
treatment of severe MPP with favorable efficacy. However,
the timing and dosage of glucocorticoids are still unclear
in children. Usually, oral or intravenous glucocorticoids
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are administered at 1-2 mg/kg/day for 3-7 days (13). IVIG
plays an important role in preventing the disease from
progressing into severe inflammation by blocking protein
cascade pathways in the inflammation (14). IVIG also has
the immune-modulatory activity, which has involvement
of Fc receptor blockage, neutralization of etiologic agents
and suppression of activated immune cells (15). Some
investigators have shown that IVIG can be used to treat
extrapulmonary manifestations of MP infection, especially
the nervous system diseases. However, there is still a lack
of high quality evidence about the therapeutic efficacy of
IVIG alone, and more randomized, controlled studies are
needed (13). In this study, all children showed persistent
fever and were non-responsive to the combined treatment
with glucocorticoids and IVIG.

Fluoroquinolones such as ciprofloxacin, moxifloxacin and
LVX combined with glucocorticoids have been shown to be
effective for the treatment of ML resistant MPP. However,
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Figure 1 The A2063G point mutation in the domain V of 2357RNA gene.

Figure 2 The lung shadow in X-ray. (A) A 7-year-old boy (day 0) with proved left lung infection; (B) presenting chest X-ray (day 6)
demonstrates worsening lung shadow and left pleural effusion; (C) the X-ray shows (day 23) apparently absorption.

no study has been reported to use fluoroquinolones (such
as LVX) alone in the treatment of ML resistant MPP. In
the present report, six children showed persistent fever
and were non-responsive to ML and immune-modulators
therapy. However, after initiation of LVX treatment, the
fever was improved within 3 days in five cases, suggesting
its effectiveness. Recently, Japanese investigators reported
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that minocycline or tosufloxacin was more effective than
ML in the treatment of ML resistant MPP (16). When ML
therapy failed, minocycline or doxycycline could be used as
the first-line treatment for ML resistant MPP in children
aged >8 years old, and fluoroquinolones could be applied in
children aged <8 years old (16). LVX is the third generation

of fluoroquinolone antibiotic with broad-spectrum
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Figure 3 The iconography in both lung and brain. (A) A 14-year-old girl (day 0) with both lungs infection in chest CT; (B) chest X-ray (day

3) demonstrates worsening lung shadow and right pleural effusion; (C) X-ray shows (day 14) significantly absorption; (D) head MRI (14 day)

showed multiple abnormal signal lesions considering infection with hemorrhage; (E) reexamination of the head CT (30 day) showed that the

left occipital region and bilateral cerebellar multiple lesions and hemorrhage tending to soften; (F) MRI (3 month) demonstrated multiple

lesions with bleeding and softening in left cerebral hemisphere and corpus callosum.

bactericidal activity against Gram-positive and Gram-
negative bacteria as well as atypical respiratory pathogens
and high bactericidal activity against MP in vitro and
in vivo (17,18). Moreover, it has good tissue penetration and
is well tolerated (17,18). In the study of Bradley et al. (19),
the clinical cure rate of CAP (MP is the main pathogen)
was 94.3% (382 out of 405) in LVX-treated children, and
therefore they speculated that LVX was as tolerated and
effective as standard-of-care antibiotics for the treatment of
CAP in children. In the 2011 Clinical Practice Guideline
for CAP in Children by the Pediatric Infectious Diseases
Society and the Infectious Diseases Society of America,
LVX is recommended for the treatment of severe MPP (20).
Preclinical studies have reported that fluoroquinolones used
in juvenile animals can induce articular cartilage damage,
but the use of fluoroquinolones in some children failed
to show any significant side effects affecting growth and
development, or show transient, and curable adverse effects.

The decreased MP DNA copies in the sputum were

© Annals of Palliative Medicine. All rights reserved.

well correlated with clinical symptoms and therapeutic
efficacy of antibiotics. In the study of Okada et a/l. (16),
the MP-DNA copies in throat swabs decreased from
10° copies/mL to 2x10* copies/mL after 3-day treatment and
1.5x10* copies/mL after 5-day treatment in patients receiving
tosufloxacin treatment. Kawai er /. (5) reported, in patients
with MRMPP, the decrease of MP load after 48-96 h
treatment was more rapid in tosufloxacin treated patients
than in azithromycin treated patients. Among MRMPP
patients, the rate of MP eradication in the nasopharynx at
the end of treatment was 34% in the azithromycin treated
patients and 59% in the tosufloxacin-treated patients;
defervescence within 48 h after the initiation of antibiotics
treatment was observed in 41% of azithromycin treated
patients and 69% of tosufloxacin-treated patients; the
average febrile period after antibiotic treatment was lower
in the tosufloxacin group than in the ML group. In our
report, the six children with severe infection showed high
MP-DNA load, and the MP-DNA copies decreased slowly
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or even increased after ML treatment. However, after LVX
treatment, the MP-DNA copies decreased significantly. This
suggests that LVX may achieve a good therapeutic efficacy
for MRMPP when it is non-responsive to ML. Moreover,
the decrease rate of sputum MP-DNA was related to the
clinical manifestations and therapeutic efficacy. Cheng
et al. reported (21) a close relationship between MP load
of bronchoalveolar lavage fluid and clinical characteristics
in children with MP pneumonia, which was that high
MP load had more severe disease. Our findings were
consistent with above findings. MP-DNA load was not high
initially in one case, but after ML treatment it increased to
1.61x10*/L. Thus, whether the use of ML contributes to the
development of ML-resistant strains remains to be further
elucidated. In our report, four children were followed up by
the measurement of sputum MP-DNA via PCR, of whom
three patients eventually became PCR negative at 1, 1, and
3.5 months after disease onset, respectively, but one patient
remained positive for six weeks. One patient lost to follow-
up. Nilsson ez al. reported (22) MP-DNA usually remained
detectable on PCR in throat swabs for several weeks after
symptom onset and could persist for months with a slow
decline in bacterial load over time. In the present report,
all the patients eventually became PCR negative except for
one who were PCR-positive for seven months. Spuesens
et al. reported (23) the MP-DNA load of the respiratory tract
determined by PCR in 22 symptomatic children with MP,
and found 19 children became negative after one month,
and three children were negative at three months. Thus, a
positive PCR test for MP-DNA is sometimes difficult to
distinguish between MP re-infection and asymptomatic
carriage, and the value of MP-DNA measurement should be
further investigated in more studies.

ADEM following MP infection is a rare condition. It
should be in the differential diagnosis whenever respiratory
symptoms are followed by neurological manifestations and
encephalopathic signs (24). Brain MRI is extremely useful
to establish a diagnosis of ADEM; with better visualization
of the demyelinating lesions (25). In this study, one patient
developed ADEM with abnormal brain MRI and occurred
serious sequelae. The clinical presentations of patients
were unusual in four aspects in this study. First, in this
study, there were six children with proved RMPP with
worsening lung shadow despite treatment with appropriate
antimicrobials and corticosteroid. Second, attention should
be paid to children who was older than six years old, had
fever more than one week and worse imaging findings. It is
necessary to dynamically monitor blood routine, chest X-ray,
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or computed tomography three to five days after admission.
Third, LVX may be considered in critical cases of RMPP
and MRMPP with age greater than seven years. Fourth,
lung infections were well absorbed around one month, but
prognosis may be poor when brain imaging is abnormal in
children with MPP.

Conclusions

In conclusion, LVX may be preferred for the treatment of
MRMPP when the therapeutic efficacy of ML and immune-
modulators is unsatisfactory. Besides, the decreased MP-
DNA copies in the sputum are well correlated with clinical
characteristics and therapeutic efficacy of antibiotics. Our
results suggest that LVX may be promising antimicrobial
agent for the treatment of ML-resistant MP infection. We
found that RMPP can be gradually repaired with effective
treatment of quinolone, but it can damage the nervous
system and lead to severe invasion of MP into brain tissues.
However, the sample size was small, and more clinical
studies are needed to confirm our findings. Pediatricians
should improve the early recognition of MRMPP, which is

important for its prognosis.
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