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Background: The severity of Mycoplasma pneumoniae pneumonia (MPP) is strongly correlated with the
extent of the host’s immune-inflammatory response. In order to diagnose the severity of MPP early, this
study sought to explore the predictive value of immune-related parameters in severe MPP (sMPP) in
admitted children.

Methods: We performed a database analysis consisting of patients diagnosed at our medical centers
with MPP between 2021 and 2023. We included pediatric patients and examined the association between
complete blood cell count (CBC), lymphocyte subsets and the severity of MPP. Binary logistic regression was
performed to identify the independent risk factors of sMPP. Receiver operating characteristic (ROC) curves
were used to estimate discriminant ability.

Results: A total of 245 MPP patients were included in the study, with 131 males and 114 females, median
aged 6.0 [interquartile range (IQR), 4.0-8.0] years, predominantly located in 2023, and accounted for 64.5%.
Among them, 79 pediatric patients were diagnosed as sMPP. The parameters of CBC including white blood
cell (WBC) counts, neutrophil counts, monocyte counts, platelet counts, and neutrophil-to-lymphocyte
ratio (NLR), were higher in the sMPP group (all P<0.05). The parameters of lymphocyte subsets including
CD3" T cell ratio (CD3"%) and CD3"CD8" T cell ratio (CD3"CD8%), were lower in the sMPP group (all
P<0.05). And CD3°CD19" B cell ratio (CD3"CD19'%) was higher in the sMPP group. Logistic regression
analysis showed that age, CD3"CD19"%, and monocyte counts were identified as independent risk factors for
the development of sMPP (all P<0.001). The three factors were applied in constructing a prediction model
that was tested with 0.715 of the area under the ROC curve (AUC). The AUC of the prediction model for
children aged <5 years was 0.823 and for children aged >5 years was 0.693.

Conclusions: The predictive model formulated by age, CD3"CD19"%, and monocyte counts may play an

important role in the early diagnosis of sMPP in admitted children, especially in children aged <5 years.
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Introduction might progress to severe MPP (sMPP), which can involve

Mycoplasma pneumoniae pneumonia (MPP) is a major cause a variety of complications and sequelae, such as pleural

of community-acquired pneumonia (CAP) in children,
accounting for 10-40%, most of which occur over 5 years old damage, all of which pose a life-threatening risk (3). In recent

(1,2). MPP is usually manifested as mild symptoms, but some years, there has been a gradual increase in the incidence of

effusion, atelectasis, bronchiolitis obliterans, and multi-organ
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sMPP in children (3). In order to minimize the complications
and mortality associated with sMPP, early detection of sMPP
and aggressive intervention are important.

Mycoplasma pneumoniae (MP) infection leads to host
immune damage and inflammatory injury, the severity of MPP
appears to be related to the host innate immunity to the MP
(4,5). Therefore, it makes sense to look for relevant immune
inflammation indicators to predict disease severity. Correlative
studies have shown that MP infection causes both cellular and
humoral immunity, however, reports of this correlation with
disease severity and complications are inconclusive (6).

Complete blood cell count (CBC) is a routine
hospitalization test that can provide some indication of
immunity and inflammation levels. Lymphocyte subsets
analysis is an important indicator of cellular and humoral
immunity and provides an overall picture of the patient’s
immune function, status, and homeostasis. The aim of this
study is to assess the changes in inflammatory and immune
responses and their correlation with disease severity by
analyzing CBC and lymphocyte subsets in pediatric inpatients
with MP infection. We present this article in accordance
with the STARD reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-24-172/rc).

Methods
Study subjects

Pediatric patients aged under 14 years with pneumonia

Highlight box

Key findings
* The model formulated by age, CD3°CD19" B cell ratio (CD3~
CD19"%), and monocyte counts can be used as an early predictor

of severe Mycoplasma pneumoniae pneumonia (sMPP) in admitted
children.

What is known and what is new?

® The early clinical manifestations of sMPP are non-specific, and
there is a lack of sensitive predictors for the early detection of sMPP.

* We found that the combination indicators of age + CD3"CD19"% +
monocyte counts had a good diagnostic value for sMPP, especially
in children aged <5 years.

What is the implication, and what should change now?

* The diagnosis of sMPP may be challenging given the increasing
number of sMPP cases and the fact that early symptoms of sMPP
are non-specific. Our findings may contribute to the early diagnosis
and intervention of sMPP.
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as the first diagnosis were retrospectively reviewed from
January 2021 to December 2023 in the Affiliated Hospital
of Jiaxing University. The case group included hospitalized
children diagnosed as MPP, excluding children who with
a pre-admission diagnosis of sMPP, mixed infections,
chronic diseases, autoimmune diseases, immunodeficiency
diseases, and antiviral drug intake in the past 2 weeks.
The MP infection was diagnosed by a single serum MP-
specific immunoglobulin M (IgM) antibody titer of >1:160,
or twice 4-fold rise in serum MP-specific immunoglobulin
G (IgG) antibody titer, or a positive MP polymerase chain
reaction (PCR) in a throat swab or alveolar lavage fluid (7).
The participants underwent CBCs and lymphocyte subsets
assays after admission. When more than one blood count
was performed during a single hospitalization, only the
results of the first sample were included in the analysis. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Ethical Review Committee of the Affiliated Hospital
of Jiaxing University (No. 2024-KY-440), and individual

consent for this retrospective analysis was waived.

Diagnosis of MIPP

The diagnosis of MPP followed the Chinese Medical
Association guidelines for the treatment of pediatric
CAP (8): (I) fever (>37.3 °C) or acute respiratory symptoms,
or both; (II) decreased breath sounds, dry wet rales;
(III) chest radiographs demonstrating at least one of the
following: speckled or patchy infiltration, interstitial
changes, lobar parenchymal infiltrating shadows, and
enlarged hilar lymph nodes; and (IV) a positive PCR result
or >4-fold seroconversion of MP antibody titer. sMPP
was defined as MPP with one of the following conditions:
(I) poor general condition (pale or gray face, poor response
to surroundings); (II) increased respiratory rate (respiratory
rate >70 breaths/min in infants, and 50 breaths/min in
older children), with or without dyspnea and cyanosis;
(III) chest imaging (multilobar or >2/3 infiltrate in the
lung); (IV) hypoxemia (transcutaneous oxygen saturation
<92% on room air); and (V) extrapulmonary complications
(heart failure, myocarditis, gastrointestinal bleeding, central
nervous system infection, etc.).

Statistical analysis

Descriptive statistics were expressed as mean and standard
deviation (SD) or median and quartiles (QQ) depending on
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Table 1 Clinical and laboratory characteristics of the nsMPP and sMPP patients

Parameters All patients (n=245) nsMPP group (n=166) sMPP group (n=79) P value'

Sex, male 131 (53.5) 95 (57.2) 36 (45.6) 0.12

Age (years) 6.0 [4.0-8.0] 6.0 [4.0-8.0] 7.0 [4.5-9.0] 0.06

CBC
WBC (x10°%L) 6.8 [5.0-8.8] 6.3 [4.8-8.3] 7.8 [6.2-9.6] <0.001
Neutrophil counts (x10%L) 3.4[2.3-5.2] 3.1[2.0-4.9] 4.2 [2.9-5.8] <0.001
Lymphocyte counts (x10%/L) 2.4[1.8-3.2] 2.4[1.8-3.1] 2.5[1.8-3.7] 0.46
Monocyte counts (x10°%/L) 0.4 [0.3-0.6] 0.3 [0.2-0.5] 0.5[0.3-0.7] <0.001
Platelet counts (x10%L) 302 [246-382] 292 [237-376] 334 [261-400] 0.01
NLR 1.4 [0.9-2.3] 1.3 [0.8-2.0] 1.8 [1.0-2.6] 0.01

Lymphocyte subsets
CD3"% 67.5[61.9-72.0] 68.2 [63.8-72.6] 66.0 [59.6-69.4] 0.005
CD3'CD4"% 36.1[31.9-41.1] 36.4 [32.3-41.5] 35.4 [28.6-40.4] 0.14
CD3"CD8 % 25.9 [21.7-30.1] 26.6 [22.5-30.2] 24.8 [20.2-29.6] 0.03
CD3CD19"% 17.9 [14.0-22.8] 17.3[13.8-21.4] 19.6 [14.3-26.4] 0.005
NK (%) 10.2 [6.8-14.7] 10.4 [6.9-14.2] 10.1 [6.6-16.8] 0.94

The quantitative data were expressed by median [IQR], while qualitative data were expressed by n (%). ', P value was a result of
comparison of the nsMPP and sMPP groups. nsMPP, non-severe Mycoplasma pneumoniae pneumonia; sMPP, severe Mycoplasma
pneumoniae pneumonia; CBC, complete blood cell count; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; CD3"%, CD3* T
cell ratio; CD3"CD4%, CD3"CD4" T cell ratio; CD3"CD8"%, CD3"CD8" T cell ratio; CD3'CD19"%, CD3°CD19" B cell ratio; NK, natural

killer; IQR, interquartile range.

the distribution. For the analysis of continuous variables,
we used the independent samples #-test in the case of
normal distribution and the Mann-Whitney U test in the
case of non-normal distribution. Qualitative variables were
compared using the Chi-squared test or Fisher’s exact
test. A binary logistic regression analysis was performed
for risk factors associated with sMPP (variable selection
criteria were P<0.05). Receiver operating characteristic
(ROCQ) curves were created and the area under the ROC
curve (AUC) was calculated to evaluate the predictive
value of each independent risk factor for sMPP. The
statistical analysis was performed using R version 4.2.2.
For the primary outcomes, P values of less than 0.05 were
considered as statistically significant.

Results
Study population

The population for this study comprised 245 pediatric
patients [median age, 6.0 years; interquartile range (IQR),

© AME Publishing Company.

4.0-8.0 years; 53.5% male], divided into sMPP group and
non-sMPP (nsMPP) group according to disease severity.
There were 79 pediatric patients (median age, 7.0 years;
IQR, 4.5-9.0 years; 45.6% male) in the sMPP group and
166 pediatric patients (median age, 6.0 years; IQR, 4.0-
8.0 years; 57.2% male) in the nsMPP group. There was no
significant difference in age and gender between the two
groups (Table I). The distribution of pediatric patients in
different years is shown in Figure 1, predominantly located
in 2023.

The association of disease severity outcomes with CBC and
lymphocyte subsets

The CBC including WBC, neutrophil counts, monocyte
counts, platelet counts, and neutrophil-to-lymphocyte ratio
(NLR) were found to be significantly higher in sMPP group
than in nsMPP group (7able 1). The analysis of lymphocyte
subsets revealed that the CD3* T cell ratio (CD3%) and
CD3"CD8" T cell ratio (CD3"CD8 %), were lower in
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the sMPP group, and the CD3°CD19" B cell ratio (CD3"
CD19"%) was higher in the sMPP group (1able 1).

The diagnostic value of CBC and lympbocyte subsets

The monocyte counts had best diagnostic value for the
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Figure 1 The number of sMPP and nsMPP cases in 2021-2023.
MPP, Mycoplasma pneumoniae pneumonia; sSMPP, severe Mycoplasma

preumoniae pneumonia; nsMPP, non-severe Mycoplasma pneunoniae

pneumonia.

sMPP (AUC =0.646; Table 2), when each index was analyzed
separately. The WBC had the highest sensitivity (81.0%;
Table 2), followed by platelet (67.1%; Table 2). The CD3~
CD19"% had the highest specificity (92.2%; Table 2),
followed by CD3"% (88.0%; Table 2).

Because there was no index with high sensitivity and
specificity, a binary logistic regression analysis, corrected
for CBC, lymphocyte subsets, age, and sex, was performed.
The results showed that age, CD3"CD19"%, and monocyte
counts were independently associated with disease severity
outcomes of pneumonia (7izble 3). Then, we obtained a logistic
regression model composed of age, CD3°CD19"%, and
monocyte counts to predict sMPP. Logit(P) = 0.198 x age +
0.084 x CD3°CD19*% + 2.085 x monocyte counts - 4.583.
As shown in Figure 24, the model had good diagnostic
value for sMPP (AUC =0.715), with sensitivity 72.2% and
specificity 63.3%.

In order to evaluate the predictive value of the model
in different age groups, pediatric patients were further
divided into two groups: <5 and >5 years groups. It was

worth noting that the model had a better diagnostic value
for sMPP in <5 years group (AUC =0.823; Figure 2B).

Table 2 The value of each single index in the diagnosis and prediction of sMPP

Indicators AUC (95% Cl) Sensitivity (%) Specificity (%)
WBC 0.638 (0.565-0.712) 81.0 42.2
Neutrophil counts 0.644 (0.571-0.717) 64.6 61.4
Monocyte counts 0.646 (0.569-0.722) 59.5 69.3
Platelet counts 0.598 (0.523-0.673) 67.1 49.4
NLR 0.601 (0.524-0.677) 46.8 74.7
CD3"% 0.610 (0.531-0.689) 31.6 88.0
CD3'CD8 % 0.585 (0.507-0.664) 65.8 50.6
CD3'CD19'% 0.610 (0.528-0.692) 32.9 92.2

sMPP, severe Mycoplasma pneumoniae pneumonia; AUC, area under the ROC curve; ROC, receiver operating characteristic; ClI,
confidence interval; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; CD3"%, CD3" T cell ratio; CD3"CD87%, CD3"CD8" T cell

ratio; CD3"CD19"%, CD3"CD19" B cell ratio.

Table 3 Independent risk factors for sMPP by logistic regression analysis

Indicators B-value B-value standard error OR (95% CI) P value
Age 0.198 0.056 1.220 (1.095-1.366) <0.001
CD3'CD19"% 0.084 0.022 1.088 (1.043-1.138) <0.001
Monocyte counts 2.085 0.627 5.710 (2.395-28.279) <0.001

sMPP, severe Mycoplasma pneumoniae pneumonia; OR, odds ratio; Cl, confidence interval; CD3°CD19"%, CD3"CD19" B cell ratio.

© AME Publishing Company.
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Figure 2 ROC curves of the combined index of age + CD3°CD19"% + monocyte counts for predicting sMPP. (A) ROC curves for children
of all ages. The AUC was 0.715, with sensitivity 72.2% and specificity 63.3%. (B) ROC curves for children aged <5 years. The AUC was
0.823, with sensitivity 84.0% and specificity 77.9%. (C) ROC curves for children aged >5 years. The AUC was 0.693, with sensitivity 72.2%
and specificity 61.8%. ROC, receiver operating characteristic; AUC, area under the ROC curve; CI, confidence interval; CD3"CD19"%,

CD3°CD19" B cell ratio; sMPP, severe Mycoplasma pneumoniae pneumonia.

However, in >5 years group, the diagnostic value of model

was declined (AUC =0.693; Figure 2C).

Discussion

In this observational study, we evaluated the relationship
between CBC and lymphocyte subsets parameters and
disease severity in hospitalized children under 14 years of
age with MP infection in the Jiaxing area in 2021-2023.
It was found that there was a sharp increase in the total
number of cases and severe cases in 2023 compared to
2021 and 2022. Compared with nsMPP, the sMPP patients
showed significant changes in CBC and lymphocyte
subset immune-related parameters. Our findings provide
information that may improve risk assessment, facilitate
early detection and intervention of disease processes in
children admitted with MPP.

Results of a study on global prospective testing for
MPP suggested that the MPP epidemic ended abruptly
in several regions of the world after the start of the
non-pharmaceutical interventions for the coronavirus
disease-2019 epidemic in March 2020, until 2023, when
MPP cases began to increase significantly (9). This finding
is consistent with our observation of an increase in the
total number of MPP cases and serious illnesses in 2023.
Certainly, the relaxation of public health policies which
increased personal contacts, and a concomitant increase in
potential for spread of infection, was an important reason.
Some studies have suggested that increased susceptibility

© AME Publishing Company.

to respiratory disease infections as a result of 3-year
coronavirus disease-2019 restrictions, as well as increased
antibiotic resistance in MP, were important contributors to
the increase in the number of MPP cases in 2023 (10,11).
The pathogenesis of MP infection is thought to be
partially attributable to an excessive immune response
(12,13). Neutrophils play a central role in innate immunity
and are involved in the development and progression of
the inflammatory response (14). Previous studies have
shown that neutrophil counts in peripheral blood and
neutrophil infiltration in lung tissue are increased in children
with sMPP, and that exacerbation of MPP is associated
with a neutrophil-mediated immune response (13,15,16).
Lower neutrophil counts were associated with less severe
disease (17). NLR, as an easily measurable inflammatory
marker, has been reported to predict poor prognosis in
various diseases such as cancer (18-20), cardiovascular
disease (21), and coronavirus disease-2019 (22,23). This
was confirmed by our results, where neutrophil counts and
NLR were significantly higher in the sMPP compared to
the nsMPP group. In addition, WBC counts were found to
be significantly higher in the sMPP group in our findings.
WBC, a sensitive marker of infection and inflammation, also
correlates with disease severity in MPP (24). Another study
found that peripheral monocyte counts also correlated with
MPP disease severity (25), and that monocyte-associated
inflammatory mechanisms are involved in the pathogenesis
of the disease (26,27). When pneumonia occurs, MP
and its toxins, inflammatory mediators, and hypoxia can
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cause endothelial damage to the vasculature, leading to
platelet activation, aggregation, and overconsumption, and
activation of megakaryocytes to produce more platelets.
Mirsaeidi er al. found positive correlation between platelet
count and length of hospitalization, mortality, and prognosis
in pneumonia (28). And Qiu er 4/. found that platelet was
a risk factor for sMPP (15). These previous studies are
consistent with our findings.

In our findings, there was no significant difference in
lymphocyte counts between nsMPP group and sMPP
group. However, by lymphocyte subsets analysis, we found
that several lymphocyte subpopulation ratios changed. The
proportion of CD3" T and CD3"CD8" T lymphocytes
showed a decrease in the sMPP group, while the proportion
of CD3°CD19" B lymphocytes showed an increase. T
cells play a critical role in host defense against bacterial,
viral, and fungal pathogens. In general, inadequate T-cell
responses during persistent infections leave the host
susceptible to infection and delay pathogen clearance (29).
It has been shown that CD4" T cells are involved in the
immunopathologic process of MPP, with CD4" T cells
determining the severity of the disease and resistance to
infection, while CD8" T cells are involved in suppressing
these inflammatory responses (30). Depletion of CD8" T
cells in vivo led to a significant increase in the severity of
lung disease, whereas depletion of CD4" T cells reduced its
severity (30). B cells are critical for host defense against a
wide range of pathogens because B cell activation produces
specific immunoglobulins to neutralize pathogens (31).
After initial MP respiratory infection, MP-specific IgM is
detectable in serum within 1 week, and an increase in the
amount of MP-specific IgG is detected at 2 weeks post-
infection (32,33). Numerous studies have demonstrated the
involvement of B cells in lung MP clearance (34,35). Thus,
the rise in the proportion of CD19" B cells in the sMPP
group may be to produce more antibodies to neutralize MP.

In this study, ROC curves were applied to assess the
predictive value of immune-related markers for MPP disease
severity. We found that although certain indicators differed
between the sMPP group and nsMPP group, these single
indicators alone were not of high value in predicting disease
severity. A logistic regression analysis ultimately revealed
that the combination indicators of age + CD3°CD19"% +
monocyte counts had the highest combined diagnostic value
(AUC =0.715). The factor of age, although not significantly
different between the sMPP group and nsMPP group, was
found to be an independent risk factor for disease severity
in logistic regression analysis. The prevalence of sMPP

© AME Publishing Company.

increases with age, due to an excessive immune response as
the immune system matures (36,37). Therefore, we divided
the age into two groups, <5 and >5 years, to investigate
the diagnostic value of the combined index of age + CD3"
CD197% + monocyte counts in different age groups. It was
found that the diagnostic value of the combined indicator
was significantly increased in the age group <5 years
(AUC =0.823). In the age group >5 years, the diagnostic
value of the combined indicator decreased (AUC =0.693).
In summary, our study demonstrated the important value
of immune-related parameters for the early prediction of
sMPP. And the roles of immune-related parameters in the
pathogenesis of sMPP need to be further explored.

"The main limitations of the study lie in the retrospective
nature of its design, there may have been a selection
bias. Due to incomplete data information, the number of
immune-related indicators included was relatively small and
did not represent well the purpose of our study.

Conclusions

CBC and lymphocyte subsets testing can provide a
good diagnosis of disease severity in MPP. Age is also an
independent risk factor, with older children more likely to
have sMPP. We found that the combined index of age +
CD3°CD19"% + monocyte counts had good predictive
value for disease severity of MPP and was better for
diagnosis in children aged <5 years.
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