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The role of LDH and ferritin levels as @
biomarkers for corticosteroid dosage

in children with refractory Mycoplasma
pneumonide pneumonia

DiWei Wei'?", YiDi Zhao'?, TongQiang Zhang'", YongSheng Xu' and Wei Guo'"

Abstract

Background This study explored the relationship between inflammatory markers and glucocorticoid dosage upon
admission.

Methods We conducted a retrospective analysis of 206 patients with refractory Mycoplasma pneumoniae pneumonia
(RMPP) admitted to a Children’s Hospital from November 2017 to January 2022. Patients were categorized into

three groups based on their methylprednisolone dosage: low-dose (<2 mg/kg/d), medium-dose (2-10 mg/kg/d),
and high-dose (= 10 mg/kg/d). We compared demographic data, clinical manifestations, laboratory findings, and
radiological outcomes. Spearman’s rank correlation coefficient was used to assess relationships between variables.

Results The median age was highest in the low-dose group at 7 years, compared to 5.5 years in the medium-dose
group and 6 years in the high-dose group (P<0.001). The body mass index (BMI) was also highest in the low-dose
group at 16.12, followed by 14.86 in the medium-dose group and 14.58 in the high-dose group (P <0.001). More
severe radiographic findings, longer hospital stays, and greater incidence of hypoxia were noted in the high-dose
group (P<0.05). Additionally, significant increases in white blood cells, C-reactive protein, procalcitonin, lactate
dehydrogenase (LDH), alanine transaminase, aspartate transaminase, ferritin, erythrocyte sedimentation rate, and
D-dimer levels were observed in the high-dose group (P<0.05). Specifically, LDH and ferritin were markedly higher in
the high-dose group, with levels at 660.5 U/L and 475.05 ng/mL, respectively, compared to 450 U/L and 151.4 ng/mL
in the medium-dose group, and 316.5 U/L and 120.5 ng/mL in the low-dose group. Correlation analysis indicated that
LDH and ferritin levels were significantly and positively correlated with glucocorticoid dose (Spearman p=0.672 and
p=0.654, respectively; P<0.001).

Conclusions Serum LDH and ferritin levels may be useful biomarkers for determining the appropriate corticosteroid
dosage in treating children with RMPP.
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Introduction

Mycoplasma pneumoniae (MP) is a common pathogen
causing community-acquired pneumonia (CAP) in chil-
dren. Typically, these infections are self-limiting and
effectively treated with macrolide antibiotics. However,
increasing cases of comorbidities and drug resistance
have led to a higher likelihood of some infections pro-
gressing to refractory or severe pneumonia, which can be
life-threatening [1, 2]. The severity of MP infection may
correlate with the intensity of the host immune response.
Consequently, immunosuppressive therapy, alongside
appropriate antibiotic treatment, is beneficial for children
with refractory Mycoplasma pneumoniae pneumonia
(RMPP) [3]. Prior research has demonstrated that cor-
ticosteroids effectively manage MP infections by mod-
erating aberrant immune responses, offering significant
benefits to patients with RMPP. Nevertheless, the most
effective treatment regimen has yet to be determined [4,
5].

Numerous studies have identified biomarkers such as
D-dimer, lactate dehydrogenase (LDH), and ferritin (FER)
to correlate with the severity of RMPP in children. Specif-
ically, D-dimer levels have been positively associated with
the severity of MP pneumonia (MPP) [6-8]. Addition-
ally, serum LDH and FER levels are effective predictors of
the condition’s severity and the necessary corticosteroid
therapy for children with RMPP [9]. Despite these find-
ings, few studies have focused on the correlation between
these biomarkers and corticosteroid dosages in children
with RMPP. Therefore, this study aims to explore the
clinical significance of various biomarkers at different
glucocorticoid therapy doses for RMPP in children and to
provide guidance for clinical corticosteroid management.

Methods

Patients

We retrospectively collected clinical data from patients
with MPP admitted to a children’s hospital between
November 2017 and January 2022. This study adhered
to the ethical standards of the Declaration of Helsinki (as
revised in 2013).

The diagnosis of MPP was based on the following crite-
ria: (1) clinical symptoms, signs, or radiographic findings
indicative of pneumonia upon admission; (2) confir-
mation of MP infection by at least one of the following
methods: a single serum anti-MP IgM >1:160, a four-fold
increase or decrease in anti-MP IgM titer between the
acute and recovery stages, or positive MP polymerase
chain reaction results [10]. RMPP was diagnosed when
patients, despite receiving appropriate antibiotic therapy

for 7 days, continued to show exacerbated clinical signs,
persistent fever, and progressive pulmonary imaging [2].

The inclusion criteria for the study were: (1) patients
who met the diagnostic criteria for RMPP; (2) those who
received corticosteroid treatment; and (3) those with
complete hospitalization records [1, 11].

The exclusion criteria were: (1) co-infection with other
pathogenic organisms; (2) incomplete hospitalization
records; (3) prior corticosteroid treatment before admis-
sion; (4) corticosteroid therapy for other conditions such
as asthma, congenital bronchopulmonary dysplasia, non-
infectious interstitial pulmonary disease, and skin rash;
and (5) underlying conditions such as asthma, chronic
cardiac or pulmonary diseases, rheumatic diseases, and
immunodeficiency.

Study design

Based on prior studies and clinical observations, we cat-
egorized the 206 subjects into three groups: low-dose
(n=78), medium-dose (n=84), and high-dose (n=42).
The low-dose group received intravenous methylpred-
nisolone at <2 mg/kg/day (including 2 mg/kg/day), the
medium-dose group received 2-10 mg/kg/day (with
methylprednisolone dosage strictly between 2 mg/
kg/day and 10 mg/kg/day), and the high-dose group
received=10 mg/kg/day (including 10 mg/kg/day)
[12-16].

After being diagnosed with MPDP, all patients were ini-
tially treated with azithromycin at 10 mg/kg/day, admin-
istered orally once daily. If there was no improvement
or if symptoms of pneumonia worsened after 3 days,
we switched to doxycycline (2 mg/kg/day, administered
twice daily) for those with macrolide-resistant MPP [2].
Additionally, all patients diagnosed with RMPP initially
received low-dose methylprednisolone intravenously. If
patients continued to show persistent fever, no improve-
ment, or deterioration of clinical symptoms after 48 h
of initial steroid therapy, we incrementally increased the
dose of methylprednisolone, up to a maximum of 30 mg/
kg/day. The patients were then divided into three groups
based on the peak methylprednisolone dose administered
[12, 13]. Patients were considered responsive to cortico-
steroid therapy if they experienced defervescence and an
improvement in clinical symptoms or pulmonary lesions
within 48 h after each treatment escalation. All patients
ultimately recovered and were discharged from the hos-
pital without any fatalities.

Ethical statement
The study was approved by the Ethics Committee of
Tianjin Children’s Hospital (No. 2021-KY-06) and was
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conducted by the Declaration of Helsinki guidelines.
Because the study was retrospective and the data were
anonymized, the Ethics Committee of Tianjin Children’s
Hospital waived the requirement for informed consent.

Data collection

The collection of clinical data from subjects was com-
pleted within 24 h of their diagnosis with RMPP and
included the following components: (1) clinical charac-
teristics such as age, sex, and BMI; (2) hypoxia, defined
as an oxygen saturation level in room air<92% [8];
(3) laboratory tests, which included white blood cells
(WBC), C-reactive protein (CRP), procalcitonin (PCT),
serum lactate dehydrogenase (LDH), alanine transami-
nase (ALT), aspartate transaminase (AST), FER, erythro-
cyte sedimentation rate (ESR), and D-dimer; (4) imaging
examination findings, specifically pulmonary consolida-
tion and pleural effusion; and (5) details of corticosteroid
therapy.

Statistical analysis

For data analysis, we used SPSS version 26.0. Continu-
ous data were expressed as the median and interquar-
tile range (IQR) and analyzed using the Mann-Whitney
U test, the Kruskal-Wallis H test (K-W-H), and analysis
of variance (ANOVA). Categorical data were presented
as numbers (%) and analyzed using the chi-square test.
Ordered multi-categorical data were analyzed using
the K-W-H test. Correlations between variables were
assessed using Spearman’s rank correlation coefficient.
A P-value<0.05 was considered statistically significant.
Graphs were generated using GraphPad Prism version
9.0.
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Results

Patient characteristics

During the study period, approximately 7600 children
were hospitalized with MPP, and the incidence of RMPP
was about 10.1%. A total of 206 patients were finally
enrolled in this study. The distribution among the dosage
groups was as follows: 78 patients in the low-dose group,
84 in the medium-dose group, and 42 in the high-dose
group. The patient characteristics for each group are
detailed in Table 1. In the low-dose group, the median age
was 7.0 years (range 6.0-9.0), and the median BMI was
16.12 (range 14.50-18.96). The medium-dose group had
a median age of 5.5 years (range 4.0-7.0) and a median
BMI of 14.86 (range 13.83-16.51). The high-dose group’s
median age was 6.0 years (range 4.0-7.0), and the median
BMI was 14.58 (range 13.72-15.45) (P<0.001). Sig-
nificant differences were observed in both age and BMI
across the three groups (P<0.001), whereas there was
no significant difference in sex distribution (P=0.748).
Additionally, the length of hospital stay was longest in the
high-dose group at 13 days (range 10-15.25) (P<0.001),
and the incidence of hypoxemia also significantly varied
among the groups (P<0.001).

Laboratory findings

The laboratory findings for the patients are detailed
in Table 1. Patients with RMPP in the high-dose group
exhibited higher levels of WBC, CRP, PCT, LDH, ALT,
AST, FER, ESR, and D-dimer compared to the other
groups (P<0.01). Notably, LDH and FER levels were dra-
matically higher in the high-dose group than in the low-
dose and medium-dose groups (Fig. 1).

Table 1 Demographic and laboratory parameters of all study subjects

Low-dose group (n=78) Medium-dose group (n=_84) High-dose group (n=42) P-value
Age, years 7.0 (6.0~90) 554.0~70) 60 (4.0~70)"" <0.001
BMI 16.12 (14.50~18.96) 14.86 (13.83~1651) % 1458(13.72~1545) % <0001
Male, n (%) 44.9% 42.9% 50% 0.748
Length of stay, days 7(6~8) 8(7~9.75) % 13(10~15.25) o< <0.001
Hypoxemia, n (%) 32(41%) 64 (76.2%) * 41 (97.6%) <" <0.001
Laboratory parameters
WBC (x10°/L) 7.94 (6.74~10.98) 1159 (84~14)% 1364 (11.15~1836) °" <0001
CRP (mg/L) 16.12 (14.50~18.96) 31.85(18~59.8) ¢ 59 (38.1~97) o< <0.001
PCT (ng/mL) 0.09 (0.06~0.14) 0.19(0.1~047) %" 0.48(0.26~0.88) " <0.001
LDH (U/L) 3165 (272.75~381.5) 450 (355~589.5) 660.5 (532~806.5) O <0001
ALT (U/L) 14.00 (10.00~19.00) 145 (12~21) 20(11.75~31.5) > 0.005
AST (U/L) 26(23~31) 345(27.25~415)% 41 (30.75~58) o< <0.001
FER (ng/mL) 1205 (81 ~142.7) 1514 (118.18~27597 47505 (313.98~694.23)°"" <0001
ESR (mm/h) 27 (22.75~36) 29.5(20~41) 36(25.5~51.25) o< 0.007
D-dimer (ug/L) 0.1(0.1~023) 0.25(0.1~05) 1.1(002~29) > <0.001

Continuous data are expressed as median (IQR), and categorical data are expressed as the number of patients (%). P-value<0.05 was considered statistically
significant. *P<0.001. 2compared between the low-dose group and the medium-dose group. ®’compared between the low-dose group and the high-dose group.
‘compared between the medium-dose group and the high-dose group. BMI: body mass index. WBC: white blood cell; CRP: C-reactive protein; procalcitonin: PCT;
lactate dehydrogenase: LDH; ALT: alanine aminotransferase; AST: aspartate aminotransferase; FER: ferritin; ESR: erythrocyte sedimentation rate
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Fig. 1 Comparative analysis of ferritin levels among low-dose group, medium-dose group, and high-dose group (*denotes statistical significance, and
whiskers indicate median with interquartile range). (A) shows that LDH level (U/L) was significantly higher in the high-dose group compared to the
medium-dose group (median 660.5 vs. 450 ng/mL, P < 0.001***) and the low-dose group (median 450 vs. 316.5 ng/mL, P < 0.001***). (B) shows that ferritin

level (ng/mL) was significantly higher in the high-dose group compared to the medium-dose group (median 475.05 vs.
20.5 ng/mL, P<0.001***). The Mann-Whitney U-test was used to calculate the P-value. LDH, lactate dehydroge-

the low-dose group (median 475.05 vs. 1
nase; FER, ferritin

Table 2 Radiographic imaging results of all study subjects

1514 ng/mL, P<0.001***) and

Parameter Low-dose group (n=78) Medium-dose group (n=84) High-dose group (n=42) P-value
Area of pulmonary consolidation, n (%)

0 1(1.3) 6(7.1) 2(4.8) 0.013
<1/2 49 (62.8) 42 (50.0) 12 (28.6)

>1/2 28 (35.9) 36 (42.9) 28 (66.7)

Pleural effusion, n (%) 6(7.7) 28(333)¢ 23 (54 8) > <0001
Lobar atelectasis, n (%) 5(19.6) 29 (34.5) % 0(47.6)° 0.004
Pleural thickening, n (%) 56 (71.8) 53 (63.1) 28 (66 7) 0.498

Categorical data are expressed as the number of patients (%). P-value<0.05 was considered statistically significant. *P<0.001. *compared between the low-dose
group and the medium-dose group. bcompared between the low-dose group and the high-dose group. ‘compared between the medium-dose group and the

high-dose group

Radiographic examinations

All subjects underwent chest X-rays or CT scans follow-
ing admission. The radiographic features for the three
groups are shown in Table 2. There were no significant
differences in the incidence of pleural thickening among
the groups. However, the incidence of pleural effusion
(7.7% vs. 33.3% vs. 54.8%, P<0.001) and atelectasis (19.6%
vs. 34.5% vs. 47.6%, P=0.004) was significantly higher in
the high-dose group. Moreover, statistically significant
differences were observed in the incidence of pulmonary
consolidation among the groups (P=0.013). Specifically,
28 patients (35.9%) in the low-dose group, 36 patients
(42.9%) in the medium-dose group, and 28 patients
(66.7%) in the high-dose group showed areas of pulmo-
nary consolidation covering > % of the lung.

Correlation analysis of different variables

We employed the Spearman correlation test to analyze
the relationship between the methylprednisolone dosage
and various clinical and laboratory variables. As shown
in Fig. 2, the dosage of methylprednisolone demonstrated
positive correlations with the length of hospital stay and
the levels of WBC, CRP, PCT, LDH, ALT, AST, ESR,
FER, and D-dimer (all P<0.05). Interestingly, both age
and BMI were negatively correlated with the dosage of
methylprednisolone (Spearman p =-0.281 and p =-0.221,
respectively). Among these variables, LDH and FER
exhibited the highest correlation coefficients with meth-
ylprednisolone dosage (Spearman p=0.672 and p=0.654,
respectively).
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Fig. 2 Correlation analysis between the dosage of methylprednisolone and other variables. LDH (Spearman p=0.672) and FER (Spearman p=0.654) had
highest correlation coefficient with the dosage of methylprednisolone. WBC: white blood cell; CRP: C-reactive protein; PCT: procalcitonin; LDH: lactate
dehydrogenase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; FER: ferritin; ESR: erythrocyte sedimentation rate
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Discussion

In this study, we found that glucocorticoid dosage was
positively correlated with the levels of WBC, CRP, PCT,
ALT, AST, ESR, and D-dimer and negatively correlated
with age and BMI. Notably, LDH and ferritin FER exhib-
ited the highest correlation coefficients among all bio-
markers, at 0.674 and 0.657, respectively, suggesting a
strong positive association with glucocorticoid dose in
children with RMPP. These findings will assist pediatri-
cians in assessing the severity of RMPP and selecting the
appropriate glucocorticoid therapy dosage for affected
children.

In recent years, there has been an increase in the rec-
ognition of RMPP. Researchers have emphasized the
role of biomarkers in assessing the severity of RMPP
[4, 17]. A previous study indicated that D-dimer levels
could evaluate RMPP severity, with D-dimer levels <280
ng/ml potentially indicating mild pneumonia and a low
incidence of pleural effusion [18]. Similarly, our find-
ings show that the median D-dimer level in the low-dose
group was 0.1 pg/L with a 7.7% incidence of pleural effu-
sion. Furthermore, the medium-dose group had serum
FER levels of 151.4 ng/mL, nearing levels that predict
severe forms of MPP, suggesting that children with ele-
vated FER levels may progress to more severe RMPP
[19]. Additionally, prior research suggested that CRP lev-
els>50 mg/L and LDH levels>480 U/L are predictors of
delayed radiographic clearance [20]. Consistent with this,
our high-dose group exhibited a CRP level of 59 mg/L,
an LDH level of 660.5 U/L, and more severe radiographic
manifestations. Together with previous reports, our
results indicate that the severity of pneumonia in chil-
dren with RMPP may be linked to levels of inflammatory
biomarkers.

Although macrolides are the current first-line antibiot-
ics, patients with RMPP may benefit from immunosup-
pressive therapy due to strong immunological reactions
associated with their condition. Numerous research-
ers regard RMPP as an indication for corticosteroid use
[4, 21]. Steroids help downregulate overactive immune
responses, alleviate clinical symptoms and pulmonary
injuries, and reduce complications in children and adults
with MP infections [7, 21, 22]. There have been extensive
reports on steroid regimens. This study indicated that
the low-dose group exhibited relatively lower laboratory
indices, such as CRP levels at 16.12 mg/L, and presented
milder clinical signs, akin to findings in a study on RMPP
children treated with methylprednisolone at 2 mg/kg/day
[23]. However, Chen et al. have indicated that low-dose
methylprednisolone may be ineffective for RMPP with
extensive pulmonary consolidation [24]. Yang et al. sug-
gested that intravenous methylprednisolone at doses of
5-10 mg/kg/day is more effective for severe cases [25].
Our findings also revealed that incidences of pulmonary
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consolidation covering more than half the lung and
pleural effusion were higher in the medium-dose group,
suggesting more severe pneumonia compared to the
low-dose group. The high-dose group had the highest
incidence of hypoxemia, lobar atelectasis, and the lon-
gest hospital stays [12, 14], supporting the notion that
the dosage of corticosteroid therapy correlates with the
severity of RMPP in children.

LDH is a cytoplasmic enzyme widely distributed across
major organ systems. When cell lysis occurs or cell mem-
branes are damaged, LDH is released into the extracel-
lular space [6, 26]. Previous studies have suggested that
LDH is an early indicator for the initiation of glucocor-
ticoid therapy, with effective ranges from 302 to 480
U/L [2, 27, 28]. This aligns with our results, as the LDH
level in the low-dose group was 316.5 U/L. Furthermore,
the LDH level in the medium-dose group was 450 U/L,
consistent with the findings by Chen et al., who demon-
strated that when serum LDH levels reach>478 IU/L,
low-dose methylprednisolone may be ineffective for
RMPP [24].

FER is primarily synthesized by macrophages and often
increases in response to tissue injury, pathogenic infec-
tions, and inflammation [29, 30]. Wen et al. showed that
children with serum FER levels>329 ng/mL were more
likely to have RMPP [31]. Kawamata et al. reported that
FER levels of 291.5 ng/mL suggest that glucocorticoid
therapy can be initiated in patients with MPP [9]; how-
ever, the FER levels in our study were higher. In our
study, the median FER level in the low-dose group was
120.5 ng/mL. The reasons for this difference might be
as follows: (1) it suggests that early and timely initiation
of glucocorticoid therapy is necessary for patients with
RMPP; (2) there may be regional and seasonal variations
in the epidemiology of MP.

Our study’s correlation analysis revealed that the cor-
relation coefficients for LDH and FER were 0.672 and
0.657, respectively, indicating a positive correlation with
the doses of methylprednisolone in children with RMPP.
Zheng et al. revealed that the association between LDH
levels and the development of RMPP exhibits a non-lin-
ear dose-response relationship [32], consistent with our
findings that LDH levels positively correlate with gluco-
corticoid doses. Zhu et al. found that LDH levels>590
IU/L and FER levels>411 ng/mL might be significant
clinical markers in RMPP patients treated with pulse-
dose glucocorticoids, which were relatively lower than
our results [11]. In our study, the LDH and FER levels in
the high-dose group were 660.5 U/L and 475.05 ng/mL,
respectively. This discrepancy could be explained by the
fact that Zhu et al. defined pulse-dose methylpredniso-
lone as 200 mg/day, whereas our study defined high-dose
methylprednisolone as 10 mg/kg/day. We concluded that
LDH and FER are useful biomarkers for determining the
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appropriate dosage of glucocorticoids in treating children
with RMPP.

This study has several limitations. First, it was not a
randomized controlled trial, making it susceptible to bias
from potential confounding variables. Second, selection
bias may have initially resulted from differences in the
timing of corticosteroid administration. Finally, this was a
small-scale, single-center, retrospective study, and larger,
multi-center, prospective studies are needed to further
validate these results.

Conclusions

In summary, LDH and ferritin levels are associated with
the severity of the inflammatory response in Mycoplasma
pneumonia and may serve as biomarkers to determine
the appropriate dosage of glucocorticoids. These findings
could provide a theoretical basis for physicians to guide
glucocorticoid administration in children with RMPP.

Abbreviations

ALT Alanine aminotransferase

AST Aspartate aminotransferase

BMI Body mass index

CAP Community-acquired pneumonia

CRP C-reactive protein

ESR Erythrocyte sedimentation rate

FER Ferritin

LDH Lactate dehydrogenase

MP Mycoplasma pneumoniae

MPP Mycoplasma pneumoniae pneumonia
PCT Procalcitonin

RMPP  Refractory Mycoplasma pneumoniae pneumonia

WBC White blood cell

Acknowledgements
We are grateful to all the children who took part in the study.

Author contributions

DW and YZ analyzed and interpreted the patient data. DW, YZ, and TZ were
major contributors in writing the manuscript. YX and WG provided the
acquisition of data. All authors read and approved the final manuscript.

Funding

This work was supported by Tianjin Natural Science Foundation (Grant
Number 21JCYBJC00460), the Program of Tianjin Children’s Hospital high-
level talent technology improvement and training, Tianjin Key Medical
Discipline(Specialty) Construction Project and the second batch of high-level
talent projects in Tianjin (young medical elites) (No. TISQNYXXR-D2-115).

Data availability

The datasets generated and/or analysed during the current study are not
publicly available due [REASON WHY DATA ARE NOT PUBLIC] but are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of Tianjin Children’s Hospital
(No. 2021-KY-06) and was conducted by the Declaration of Helsinki guidelines.
Because the study was retrospective and the data were anonymized, the
Ethics Committee of Tianjin Children’s Hospital waived the requirement for
informed consent.

Consent for publication
Not applicable.

Page 7 of 8

Competing interests
The authors declare no competing interests.

Author details

'Department of Pulmonology, Tianjin Children’s Hospital (Children’s
Hospital of Tianjin University), Tianjin Pediatric Research Institute and
Tianjin Key Laboratory of Birth Defects for Prevention and Treatment,
Tianjin 300134, China

2Children's Clinical College of Tianjin Medical University, Tianjin, China

Received: 7 November 2023 / Accepted: 25 June 2024
Published online: 04 July 2024

References

1. OkumuraT, Kawada JI, Tanaka M, Narita K, Ishiguro T, Hirayama Y, Narahara S,
Tsuji G, Sugiyama Y, Suzuki M, et al. Comparison of high-dose and low-dose
corticosteroid therapy for refractory Mycoplasma pneumoniae pneumonia in
children. J Infect Chemother. 2019;25:346-50.

2. TsaiTA, Tsai CK, Kuo KC, Yu HR. Rational stepwise approach for myco-
plasma pneumoniae pneumonia in children. J Microbiol Immunol Infect.
2021;54:557-65.

3. LeeYC Chang CH, Lee WJ, Liu TY, Tsai CM, Tsai TA, Tsai CK, Kuo KC, Chen
CC, Niu CK, Yu HR. Altered chemokine profile in refractory mycoplasma
pneumoniae pneumonia infected children. J Microbiol Immunol Infect.
2021;54:673-9.

4. TongL,Huang S, Zheng C, Zhang Y, Chen Z. Refractory mycoplasma pneu-
moniae pneumonia in children: early recognition and management. J Clin
Med. 2022;11.

5. KimHS, Sol IS, Li D, Choi M, Choi YJ, Lee KS, Seo JH, Lee YJ, Yang HJ, Kim HH.
Efficacy of glucocorticoids for the treatment of macrolide refractory myco-
plasma pneumonia in children: meta-analysis of randomized controlled trials.
BMC Pulm Med. 2019;19:251.

6. ChoiYJ, Jeon JH, Oh JW. Critical combination of initial markers for predicting
refractory Mycoplasma pneumoniae pneumonia in children: a case control
study. Respir Res. 2019,20:193.

7. Shan LS, Liu X, Kang XY, Wang F, Han XH, Shang YX. Effects of methylpred-
nisolone or immunoglobulin when added to standard treatment with intra-
venous azithromycin for refractory Mycoplasma pneumoniae pneumonia in
children. World J Pediatr. 2017;13:321-7.

8. ZhengY,Hual, Zhao Q, Li M, Huang M, Zhou Y, Wang Y, Chen Z, Zhang Y.
The level of D-Dimer is positively correlated with the severity of Myco-
plasma pneumoniae Pneumonia in Children. Front Cell Infect Microbiol.
2021;11:687391.

9. Kawamata R, Yokoyama K, Sato M, Goto M, Nozaki Y, Takagi T, Kumagai H,
Yamagata T. Utility of serum ferritin and lactate dehydrogenase as surrogate
markers for steroid therapy for mycoplasma pneumoniae pneumonia. J Infect
Chemother. 2015;21:783-9.

10. Zhu R, Mao S, ShiW, Wu L, Zhang J. A prediction study of IL-18 and
IFN-gamma in glucocorticoid treatment response in infants and young
children with severe mycoplasma pneumoniae pneumonia. Trans| Pediatr.
2022;11:738-47.

11. Zhu Z,Zhang T, Guo W, Ling Y, Tian J, Xu Y. Clinical characteristics of refractory
mycoplasma pneumoniae pneumonia in children treated with glucocorti-
coid pulse therapy. BMC Infect Dis. 2021;21:126.

12. XuB,Peng X, YaoY,Yin J, Chen L, LiuJ, Wang H, Gao L, Shen A, Shen K.
Low-dose versus high-dose methylprednisolone for children with severe
Mycoplasma pneumoniae pneumonia (MCMP): study protocol for a random-
ized controlled trial. Pediatr Investig. 2018;2:176-83.

13. SunLL, Ye C, Zhou YL, Zuo SR, Deng ZZ, Wang CJ. Meta-analysis of the clinical
efficacy and safety of high- and low-dose methylprednisolone in the treat-
ment of children with severe Mycoplasma Pneumoniae Pneumonia. Pediatr
Infect Dis J. 2020;39:177-83.

14. Tamura A, Matsubara K, Tanaka T, Nigami H, Yura K, Fukaya T. Methylpredniso-
lone pulse therapy for refractory Mycoplasma pneumoniae pneumonia in
children. J Infect. 2008;57:223-8.

15. You SY, Jwa HJ, Yang EA, Kil HR, Lee JH. Effects of Methylprednisolone Pulse
Therapy on Refractory Mycoplasma pneumoniae Pneumonia in Children.
Allergy Asthma Immunol Res. 2014;6:22-6.



Wei et al. Respiratory Research

20.

21

22.

23.

24,

25.

(2024) 25:266

Lee E, Choi . Clinical usefulness of serum lactate dehydrogenase levels

in Mycoplasma pneumoniae Pneumonia in Children. Indian J Pediatr.
2022;89:1003-9.

Cheng S, Lin J, Zheng X, Yan L, Zhang Y, Zeng Q, Tian D, Fu Z, Dai J. Develop-
ment and validation of a simple-to-use nomogram for predicting refractory
Mycoplasma pneumoniae pneumonia in children. Pediatr Pulmonol.
2020;55:968-74.

Huang X, Li D, Liu F, Zhao D, Zhu' Y, Tang H. Clinical significance of D-dimer
levels in refractory Mycoplasma pneumoniae pneumonia. BMC Infect Dis.
2021;21:14.

LingY, Zhang T, Guo W, Zhu Z, Tian J, Cai C, Xu Y. Identify clinical factors
related to Mycoplasma pneumoniae pneumonia with hypoxia in children.
BMC Infect Dis. 2020,20:534.

Huang L, Huang X, Jiang W, Zhang R, Yan Y, Huang L. Independent predic-
tors for longer radiographic resolution in patients with refractory Myco-
plasma pneumoniae pneumonia: a prospective cohort study. BMJ Open.
2018,8:023719.

Luo Z Luo J, Liu E, Xu X, LiuY, Zeng F, Li S, Fu Z. Effects of prednisolone on
refractory mycoplasma pneumoniae pneumonia in children. Pediatr Pulm-
onol. 2014;49:377-80.

Wang M, Wang Y, Yan Y, Zhu C, Huang L, Shao X, Xu J, Zhu H, Sun X, JiW, Chen
Z.Clinical and laboratory profiles of refractory mycoplasma pneumoniae
pneumonia in children. Int J Infect Dis. 2014;29:18-23.

Lv J, Fan F. Efficacy of Methylprednisolone plus Azithromycin in the treatment
of RMPP and its effect on the changes of T lymphocyte subsets. Evid Based
Complement Alternat Med. 2022,2022:1833195.

Chen Lili L, Zhao Shunying Y, Yungang W. Clinical features and treatment
of refractory mycoplasma pneumoniae pneumonia unresponded to
conventional dose methylprednisolone in children. Zhonghua Er Ke Za Zhi.
2014;,52:172-6.

Yang EA, Kang HM, Rhim JW, Kang JH, Lee KY. Early corticosteroid therapy
for mycoplasma pneumoniae pneumonia irrespective of used antibiotics in
children. J Clin Med. 2019;8.

26.

27.

28.

29.

30.

31.

32.

Page 8 of 8

Drent M, Cobben NA, Henderson RF, Wouters EF, van Dieijen-Visser M.
Usefulness of lactate dehydrogenase and its isoenzymes as indicators of lung
damage or inflammation. Eur Respir J. 1996,9:1736-42.

Liu T-Y, Lee W-J, Tsai C-M, Kuo K-C, Lee C-H, Hsieh K-S, Chang C-H, Su Y-T, Niu
C-K, Yu H-R. Serum lactate dehydrogenase isoenzymes 4 plus 5 is a better
biomarker than total lactate dehydrogenase for refractory Mycoplasma
pneumoniae pneumonia in children. Pediatr Neonatology. 2018;59:501-6.
Miyashita N, Kawai Y, Inamura N, Tanaka T, Akaike H, Teranishi H, Wakabayashi
T, Nakano T, Ouchi K, Okimoto N. Setting a standard for the initiation of
steroid therapy in refractory or severe Mycoplasma pneumoniae pneumonia
in adolescents and adults. J Infect Chemother. 2015;21:153-60.

Kim SH, Song ES, Yoon S, Eom GH, Kang G, Cho YK. Serum ferritin as a diag-
nostic biomarker for Kawasaki disease. Ann Lab Med. 2021;41:318-22.

Cullis JO, Fitzsimons EJ, Griffiths WJ, Tsochatzis E, Thomas DW. British society
for H: investigation and management of a raised serum ferritin. Br J Haematol.
2018;181:331-40.

Wen J, Su, Sun H, Zhang H, Li H. The combination of initial markers to
predict refractory Mycoplasma pneumoniae pneumonia in Chinese children:
a case control study. Respir Res. 2021;22:89.

Zheng XX, Lin JL, Dai JH. Value of lactate dehydrogenase in predicting refrac-
tory mycoplasma pneumoniae pneumonia in children: an evaluation based
on decision curve analysis and dose-response analysis. Zhongguo Dang Dai
Er Ke Za Zhi. 2020,22:112-7.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The role of LDH and ferritin levels as biomarkers for corticosteroid dosage in children with refractory ﻿Mycoplasma pneumoniae﻿ pneumonia
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients
	﻿Study design
	﻿Ethical statement
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Laboratory findings
	﻿Radiographic examinations
	﻿Correlation analysis of different variables

	﻿Discussion
	﻿Conclusions
	﻿References


