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Abstract

Background: A predictive model for risk of Mycoplasma pneumoniae (MP)-related hepatitis in MP pneumonia
pediatric patients can improve treatment selection and therapeutic effect. However, currently, no predictive model
is available.

Methods: Three hundred seventy-four pneumonia pediatric patients with/without serologically-confirmed MP
infection and ninety-three health controls were enrolled. Logistic regressions were performed to identify the
determinant variables and develop predictive model. Predictive performance and optimal diagnostic threshold were
evaluated using area under the receiver operating characteristic curve (AUROQ). Stratification analysis by age and
MP-IgM titer was used to optimize model’s clinical utility. An external validation set, including 84 MP pneumonia
pediatric patients, was used to verify the predictive efficiency. After univariate analysis to screen significant variables,
monocyte count (MO), erythrocyte distribution width (RDW) and platelet count (PLT) were identified as
independent predictors in multivariate analysis.

Results: We constructed MRP model: MO [A10%/L] x 4 +RDW [%] — PLT [A10%/L] x 0.01. MRP achieved an AUROC
of 0.754 and the sensitivity and specificity at cut-off value 10.44 were 71.72 and 61.00 %, respectively in predicting
MP-related hepatitis from MP pneumonia. These results were verified by the external validation set, whereas it
merely achieved an AUROC of 0.540 in pneumonia without MP infection. The AUROC of MRP was 0.812 and 0.787
in infants and toddlers (0-36 months) and low MP-IgM titer subgroup (1:160-1:320), respectively. It can achieve an
AUROC of 0.804 in infants and toddler with low MP-IgM titer subgroup.

Conclusions: MRP is an effective predictive model for risk of MP-related hepatitis in MP pneumonia pediatric
patients, especially infants and toddlers with low MP-IgM titer.
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Background

Mycoplasma pneumoniae (MP) has been considered as
the predominant pathogenic bacteria species in
community-acquired respiratory tract infection, which
was detected in 30 % of pediatric community-acquired
pneumonia and in over 50 % among children aged 5
years or older [1]. Recently, it was reported that extra-
pulmonary manifestations of MP pneumonia, such as
aseptic meningitis, myocarditis, hepatitis and so on, oc-
curred in up to 25% of individuals [2], among which
hepatitis is frequently ignored or at least downplayed.
Actually, accumulated reports suggest that this MP-
related hepatitis is commonly found in children and can
manifest as asymptomatic elevation of liver enzymes, de-
pressed multiple coagulation factors or cholestasis [3-9].
Therefore, ignoring of MP-related hepatitis will tend to
delay its diagnosis and result in the possibility of serious
liver damage during MP pneumonia.

MP pneumonia is recognized as a systemic inflam-
mation characterized as extending beyond the lung
and causing other co-morbidities including hepatitis
[10]. Peripheral complete blood cell count (CBC) with
differential can simultaneously change with ongoing
inflammation process [11]. In terms of hepatitis, red
cell distribution width (RDW), one of the parameters
in peripheral CBC with differential, is frequently
served as biomarker to predict disease process and
mortality in autoimmune hepatitis, hepatitis B virus-
related cirrhosis and acute-on-chronic liver failure
[12-15]. Some scores incorporating the peripheral
CBC with differential, such as neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), monocyte-to-lymphocyte ratio (MLR) and sys-
temic immune-inflammation index (S II) were also
used to estimate the severity and outcome of patients
with hepatitis B, C and E [16—19]. Therefore, a novel
predictive model derived from parameters of periph-
eral CBC with differential can also be expected to
predict MP-related hepatitis. Additionally, in view of
the limited facilities available for monitoring hepatic
function in community clinics, this predictive model
may assist the community clinicians to screen the
high-risk of MP-related hepatitis and improve the
treatment. However, currently, there is no available
predictive model for clinical practice and the insight
of peripheral CBC with differential in predicting is
also worth exploring further.

In current study, we firstly investigated whether these
common inflammation markers (such as NLR, PLR,
MLR and S II) can effectively distinguish MP-related
hepatitis from MP pneumonia pediatric patients, and
then we constructed a new predictive model with cap-
able of predicting MP-related hepatitis. The specificity
and efficacy of the predictive model were also verified by
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validation set and controls. To our knowledge, it is the
first report that a novel model, derived from systemic in-
flammation markers, was constructed and applied to
predict the MP-related hepatitis.

Methods

Participants

The retrospective cohort study enrolled 675 participants.
Among these, 562 participants were enrolled from Shan-
dong Provincial Third Hospital, Cheeloo College of
Medicine, Shandong University from 2010.08 to 2017.08.
One hundred and thirteen participants were collected
from Affiliated hospital of Yangzhou University from
2013.06 to 2018.01. Exclusion criteria were as follows:
(1) co-existent severe complication (e.g. jaundice, con-
vulsions and dehydration et al.); (2) overlapping patho-
genic infection; (3) receiving antibiotic treatment before
admission; (4) having history of hepatotropic and/or
non-hepatotropic virus infection (Hepatitis A, B, C and
E virus, Epstein-Barr virus and cytomegalovirus), heredi-
tary metabolic liver diseases (Wilson disease and Heredi-
tary hemochromatosis) and drug-associated hepatitis; (5)
insufficient medical records. The diagnosis of MP-
related hepatitis was established from three aspects: (1)
serologically-confirmed MP infection diagnosis: a highly
elevated serological MP-IgM titer >1:320 (SeroDia™
Mayo MAG II microparticle agglutination (MAG) assay
kit, Fujirebio, Japan). In cases with a lower MP-IgM titer
(1:160), a second sample was examined after an interval
of 2-3 weeks to confirm a 4-fold titer increase; (2) diag-
nosis of hepatitis: patients, who had serum alanine trans-
aminase (ALT) and/or asparatate aminotransferase
(AST) levels greater than the upper normal limits (ALT:
40 U/L (female) and 50 U/L (male); AST: 35 U/L (fe-
male) and 40 U/L (male)) were regarded as having hepa-
titis; (3) excluding liver biochemistry abnormalities
caused by hepatotropic and/or non-hepatotropic virus
infection, hereditary metabolic liver disease or drug-
associated hepatitis [20, 21]. Because the elevation of
gamma-glutamyl transpeptidase (GGT) and/or total bili-
rubin (TBIL), total bile acid (TBA) indicates that some
damages may occur in the biliary capillary, these patients
were also excluded.

Study design

As shown in Fig. 1 and 124 participants were excluded
and 551participants were finally enrolled in the analysis,
including 199 MP pneumonia pediatric patients, 175
pneumonia patients without MP infection, 93 healthy
controls and 84 patients in an external validation set.
Among 199 MP pneumonia patients, 99 patients were
diagnosed as MP-related hepatitis and randomly divided
into two sets: a training set (n =55) and the validation
set (1 =44), which was used to create and validate the
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Fig. 1 Participant enrollment and study design

model respectively. Otherwise, patient without presence
of elevated serum ALT/ AST level were randomly classi-
fied as non-hepatitis set and served as control in both
training (1 =50) and validating (n = 50) set at a ratio of
1:1 or so. One hundred and seventy-five pneumonia pa-
tients without MP infection, including 85 patients diag-
nosed as hepatitis and 90 patients with non-hepatitis,
were used to define the specificity of the model. Ninety-
three healthy control participants matching with patients
by age and gender, accompanied with an external
validation set (including 43 MP-related hepatitis and 41
non-hepatitis) were used to further validate the model’s
application scope and predictive efficiency.

The following data were collected within 24 h at
the time of admissions: demographic data, liver bio-
chemistry, immunological marker and peripheral CBC
with differential. The liver biochemistry test included
ALT, AST, gamma-glutamyl transpeptidase (GGT), al-
kaline phosphatase (ALP), total bile acid (TBA), total
protein (TP), albumin (ALB), globulin (GLO), total
bilirubin (TBIL), direct bilirubin (DBIL), indirect bili-
rubin (IBIL) and total bile acid (TBA); immunological
marker was MP-IgM titer; peripheral CBC with differ-
ential included WBC and their subtypes: lymphocytes,
monocyte (MO), neutrophil, eosinophil, basophil pro-
portion and count, RBC count and related informa-
tion: hemoglobin, MCV, MCH, MCHC, RDW, PLT
count and related information: platelet distribution
width (PDW), mean platelet volume (MPV), platelet
thrombocytocrit (PCT).

Laboratory evaluation

All tests performance and results verification were con-
ducted in Shandong Provincial Third Hospital, Cheeloo
College of Medicine, Shandong University and Affiliated
Hospital of Yangzhou University. Serological MP-IgM
titer and peripheral CBC with differential were measured
from the finger prick blood samples, while liver biochem-
istry test was measured in samples from the peripheral
vein blood samples taken at the same time.

Serum MP-IgM titers were detected by SeroDia™ MAG
assay (Fujirebio, Japan) [22]. Peripheral CBC with differen-
tial was determined using an automated MEK-7222 K
hematology analyzer (Nihon Kohden, Japan). Liver bio-
chemistry test including assessment ALT, AST, GGT,
ALP, TBA, TP, ALB, GLO levels and TBIL DBIL IBIL
were performed using the Beckman Coulter AU 5800
analyzer (Beckman Coulter Diagnostics, USA). Reference
ranges for ALT were 7-40 U/L (female) and 9-50 U/L
(male), for AST were 13-35 U/L (female) and 15-40 U/L
(male), for GGT were 10-60 U/L, ALP were 45-125 U/L,
TBA were 0—10 pmol/L, ALB were 40-55 g/L, GLO were
20-40 g/L, TBIL were 5.1-28 pumol/L, DBIL were 0-6.8
pmol/L and IBIL for 3.4-21.2 pmol/L.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 22.0, SPSS Inc., USA). Data were expressed as
Mean = SD (or median, IQR) for quantitative variables
and percentages for qualitative variables. The statistical
significance between two groups was determined by ¢
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test or rank sum test for continuous variables and Chi-
square test or Fisher’s exact test for categorical variables.
The only endpoint in this study is the diagnosis of MP-
related hepatitis. A two-sided p <0.05 was considered
statistical significance. Univariate analysis was firstly per-
formed on all variables between patients with and with-
out the study endpoint in training set. All selected
variables were analyzed by multivariate analysis to assess
the independent risk factors and were used to construct
the predictive model. Predictive efficiency was evaluated
using area under the receiver operating characteristic
curve (AUROC) and verified in validation set and exter-
nal validation set. Stratification analysis was used to seek
the optimum application scope of the model. The opti-
mal cut-off values was determined using the Youden
index based on sensitivity and specificity [23].

Results

The participants’ characteristics

The characteristics of the participants are shown in
Table 1 and Table S1. This study includes 238 male
and 229 females with the median age being 43
months, ranging from 2 to 158 months. In the train-
ing set, the MP-related hepatitis group showed signifi-
cantly lower PLT count (Mean+SD : 290.13 +96.71
vs. 340.44 + 89.79, p=0.007). Other parameters, such
MO count (median, interquartile range [IQR]: 0.6
(0.5, 0.8) vs. 04 (0.4, 0.6), p=0.003), RDW (12.0
(11.4, 13.0) vs. 11.5 (11.1, 12.1), p=0.004), PDW
(17.34£091 vs. 16.80%1.00, p=0.004) and MPV
(5.35+1.19 vs. 4.72+0.99, p = 0.004) were significantly
higher in the MP-related hepatitis group than the
non-hepatitis group. No significant difference in MP-
IgM titer, age, WBC count, lymphocyte count, neu-
trophil count, RBC count, hemoglobin and MCV
et al. This followed the same trend as in the valid-
ation set and indicated that these two sets were well
balanced in baseline characteristics.

Candidate predictors selected and predictive model
training

The purposeful selection procedure began by a uni-
variate analysis of each variable in the training set. A
total of 7 variables (MP-IgM titer, MO count, WBC
count, RDW, PLT count, PDW and MPV) were se-
lected as determined by statistically significant from
the original set of 25 variables in the training set
using univariate analysis. Age was also selected by
clinical experience. These 8 candidate predictors were
further assessed using the multivariate logistic regres-
sion analysis. The MO count (odds ratio [OR]: 9.901,
95 % confidence interval [CI]: 1.730-56.650, p =0.01),
RDW (OR: 1.651, 95% CI: 0.999-2.728, p =0.05) and
PLT count (OR: 0.995, 95 %CIL: 0.990-1.000, p=
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0.044) were significantly contributing to the predic-
tion accuracy of the model (Table 2). Finally, the pre-
dictive model, consisting of 3-predictors with exact
coefficient (Regression equation), was as follow: Re-
gression equation = -5.532+2.293 x MO [~10°/L] +
0.501 x RDW [%] -0.005 x PLT [*10°/L]. The re-
ceiver operating characteristic curves (ROC) were
plotted in Fig. 2A and B with AUROC of 0.749 and
0.711, respectively. We simplified Regression equation
into a new applicable equation and named as MRP:
MO [*10%/L] x 4+RDW [%] — PLT [*10°/L] x 0.0L.
AUROC of MRP in the training and validation set
were 0.754 and 0.712, respectively (Fig. 2C and D).
Both Regression equation and MRP were practically
of similar accuracy, and MRP can be proposed as a
novel predictive model for risk of MP-related hepa-
titis. In addition, AUROC of MRP in the independent
external validation set was 0.728, which also confirms
its predictive power (Fig. 2E).

Specificity and clinical utility of MRP

Due to the derivation of the new predictive model MRP,
the specificity needs to be defined carefully to guide
MRP clinical application in pediatric pneumonia pa-
tients. Pneumonia pediatric patients without MP infec-
tion and health controls were introduced to test the
specificity of MRP. As shown in Fig. 3A, MRP was ineffi-
cient for distinguishing the hepatitis from pneumonia
patients without MP infection with an AUROC of only
0.540 (95% CI: 0.463-0.616). Although, a slight im-
provement of MRP predictive efficacy, AUROC of 0.632
(95% CI: 0.557-0.703) was obtained in distinguishing
hepatitis from health controls (Fig. 3B), MRP predictive
efficacy in hepatitis returned to be inefficient (with an
AUROC of 0.547, 95 %CI: 0.486—0.608) from the com-
bining non-hepatitis without MP infection and health
controls (Fig. 3C). These results indicated that MRP ap-
plied only to predict hepatitis in MP pneumonia
pediatric patients rather than pneumonia caused by
other pathogens.

Based on the ROC curves of MRP, the optimized cut-
off value for prediction was set 10.44 to screen MP-
related hepatitis (Table 3). Using cut-off value of 10.44
in both training and validation set, 71.72 % of MP pneu-
monia patients with MRP > 10.44 were verified as MP-
related hepatitis (i.e., positive predictive value (PPV) =
64.55 %), whereas an MRP <1044 has a specificity
61.00% and a negative predictive value (NPV) of
68.54 %. In the training set, for patients with MRP >
10.44, 40 of 60 (66.67 %) participants were MP-related
hepatitis. Simultaneously, for patients with MRP < 10.44,
30 of 45 (66.67 %) participants were non-hepatitis, only
15 (27.27 %) MP-related hepatitis was falsely classified.
Meanwhile, the cut-off value for MAP was verified in
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Table 1 Characteristics of the pediatric patients with MP pneumonia (n = 199)

Variables (n = 25) Training Set (n = 105)

Validation Set (n =94 )

MP-related Hepatitis

Non-Hepatitis P

MP-related Hepatitis (n =44 ) Non-Hepatitis P

(n=55) (n=50) (n=50)
Gender
Male, n (%) 28 (51.0) 31 (62.0) 0253 20 (450) 16 (32.0) 0.181
Female, n (%) 27 (49.0) 19 (38.0) 24 (55.0) 34 (68.0)
Anti-M.P IgM titer®

Low titer, n (%) 35 (63.6) 26(52.0) 0227 28 (636) 25 (50.0) 0.183

High titer, n (%) 20 (36.4) 24(48.0) 16 (36.4) 25 (50.0)

Age, median (IQR) (Months) 50 (18,84) 505 (388,700) 0717 645 (25596.0) 60.5(41.0800) 0883
WBC, median (IQR) (A10°/L) 870 (64,10.7) 735(6489.13) 0105 84 (67,11.3) 82(618938) 0319
Neutrophil proportion (%) 5346 + 1641 5268 + 1678 0810 5226+ 1733 5788+ 1306 0083
Lymphocyte proportion (%) 3800 + 15.80 3923 + 1631 0695 3869 + 1638 3380+ 1303 0111
MO proportion (IQR) (%) 6.90 (59,82) 590 (4.9.7.90) 0139 65 (525829 6.7 (483,7.9) 0471
Eosinophil proportion (IQR) (%) 050 (0.2,09) 060 (02 0203 075 (0.33,1.20) 07(0201.13) 0276
Basophil proportion (IQR) (%) 0.30 (0.20, 0.90) 050 (030,1.000 0075 04 (0.206) 045 (0.3,0.7) 0.118
Neutrophil, median (QR) (\10%1) 440 (3.00,6.00) 400 (260515 0175 44 (279,58) 425(333608) 0625
Lymphocyte, median (IQR) (A10°/L)  2.80 (1.70,4.90) 295(188390) 0790 3.9 (25441) 28 (2.1,3.85) 0.150
MO, median (IQR) (10°/L) 06 (0.508) 04 (04,06) 0003" 06 (04,087) 04 (0.3,06) 0.008"
Eosinophil, median (IQR) (A10%L) 001 (0.00,0.10) 004 (0000100 0791 0. (0.00, 0.10) 006 (0000.10) 0273
Basophil, median (IQR) (A10°/L) 0.00 (0.00,0.04) 000 (0000.10) 0262  0.00 (0.00,0.04) 0.00 (0.000.10) 0681
RBC count (AM10'/L) 459 + 041 452 + 031 0333 456 + 042 459 + 034 0712
Hemoglobin (g/L) 12740 + 1068 12562 + 950 0371 12505+ 1292 12840 £9.18  0.147
Hematokrit (%) 37.88 +3.15 3728 + 263 0295 3739 + 291 3790 £254 0365
MCV (fl) 82.90 + 503 8255 + 379 0695 8265 + 443 82.19 + 6,15 0684
MCH, median (IQR) (pg) 27.2 (26.35,28.70) 278 (27052905 0.133 275 (264828.28) 279(27.1,289) 0171
MCHC, median (IQR) (g/L) 331 (324,344) 335 (331,344) 0071 336 (329.25,341) 3385 (336,343)  0.054
RDW, median (IQR) (%) 12.0 (114,130) 115(11.1,121)  0002° 119 (114,12.58) 114(109,1193) 0001
PLT (AM0%/L) 290.13 + 96.71 34044 +8979  0007° 297.95 + 99.43 33748 + 8691 0043
PDW (fL) 17.34 + 091 16,80 % 1.00 0004 17.23 +0.80 1683+ 080 0017
MPV (fL) 535+ 1.19 4724099 0004 509+ 094 470 + 082 0035
PCT 0.16 + 0.09 0.16 + 004 0878 0.16 = 005 0.15 + 004 0.245

NOTE. Continuous variables are expressed in the terms of Means + SD for normal data or median and interquartile range for non-normal data. Comparison tests
are performed using t test or rank sum test as appropriate. Categorical variables are expressed as n (%) and compared by Chi-square or Fisher exact tests

Low titer was defined as 1:160-1:320 and the high titer as 1:640-1:1280
“p < 0.05 for significance

the validation set. Similarly, in the higher MRP group (>
10.44), 31 of 50 (62.00 %) participants were MP-related
hepatitis. while in the lower MRP group (< 10.44), 31 of
44 (70.45%) participants were non-hepatitis, only 13
(29.55 %) MP-related hepatitis was classified incorrectly.

Optimum application scope of MRP

To optimize MRP clinical application, stratification ana-
lysis by age and MP-IgM titer was performed to improve
its diagnosis efficiency in MP-related hepatitis. As de-
tailed in Table S2, stratification analysis by age and MP-
IgM titer was performed to improve the predictive

efficacy of MRP. Participants were commonly stratified
in four subgroups: infants (0—12 months), toddlers (0—
36 months), preschoolers (36—60 months) and school-
ager (>60 months). MRP predictive efficacy was stron-
gest in the 0-12 (AUROC = 0.847, 95 % CI: 0.727-0.968)
and 0-36 (AUROC=0.812, 95% CI: 0.719-0.904)
months old subgroups (Fig. 4A, B and C). Meanwhile,
the patients were also divided into low (1:160-1:320)
and high (1:640-1:1280) MP-IgM titer subgroup.
AUROC of MRP in low titer subgroup (0.787, 95 % CI:
0.713-0.861) was considerably greater than in high MP-
IgM titer subgroup (0.653, 95 % CI: 0.551-0.756) (Fig. 4D
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Table 2 Univariate and multivariate analysis of variables in Training set of the MP pneumonia pediatric patients

Variables MP-related Hepatitis vs Non-Hepatitis in Training set

Univariate Multivariate®

P B S.E. Odds ratio 95% ClI P
Intercept - -5.532 3313 - - 0.095
Age, median (IQR) (Months) 0.300 - - - - -
Anti-M.P IgM titer 0.028" - - - - -
MO, median (IQR) (A10°/L) 0.008" 2.293 0.890 9.901 1.730-56.650 0.010
WBC, median (IQR) (A 10%/L) 0.084° - - - - -
Neutrophil I, median (IQR) (A 107/L) 0.545 - - - - -
Lymphocyte, median (IQR) (A10%/L) 0.193
RDW, median (IQR) (%) 0.008" 0.501 0.256 1.651 0.999-2.728 0.050
PLT count (A10%/L) 0010 -0.005 0.003 0.995 0.990-1.000 0.044
PDW (fl) 0.006" - - - - -
MPV (fL) 0.006" - - - - -

NOTE. “Logist(P)=-5.532+2.293xMon[x10°/L]+0.501xRDW[%]-0.005xPLT [x10°/L]
“p < 0.05 for significance; p = 0.084 for marginal significance

and E). Moreover, MRP can achieve an AUROC of 0.804
(95% CI: 0.701-0.907) in infant and toddler (0-36
months) with low MP-IgM titer (1:160-1:320) subgroup,
which indicates the optimum application scope for MRP
(Fig. 4F).

Discussion
MP-related hepatitis, one of the extrapulmonary mani-
festations of MP pneumonia, has been receiving more

attention recently [7], but for the clinical practice pur-
poses, too little attention is paid for predicting risk of
the MP-related hepatitis, especially in MP pneumonia
pediatric patients. In this study, these common inflam-
mation markers (including NLR, PLR, MLR and S II)
were shown as unable to predict MP-related hepatitis
from MP pneumonia patients (data not shown). We
constructed a novel predictive model, MRP, had com-
parable accuracy for predicting MP-related hepatitis in
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Fig. 3 Receiver operating characteristic curve analysis of MRP for hepatitis in participants without MP infection and health control. Area under the
curve (AUC) of MRP predicting hepatitis in participants without MP infection (A), health control (B) and the total of them (C)
A\

MP pneumonia pediatric patients (AUC = 0.754), espe-
cially in infants and toddlers with low MP-IgM titer
(AUC =0.804). The performance of MRP was also vali-
dated in an external validation set with similar accuracy
(AUC =0.728).

Currently, it is recognized that MP-related hepatitis is
closely relative to the systemic inflammatory response
induced by MP infection [10]. Therefore, a comprehen-
sive model composed of parameters derived from per-
ipheral CBC with differential has potential to predict
MP-related hepatitis. Among the MRP model, RDW has
been identified as a biomarker in monitoring disease
course and predicting the severity of hepatitis, such as
autoimmune hepatitis [12], hepatitis B-related hepatitis
[13, 14, 24-26] and nonalcoholic steatohepatitis [27].
RDW levels are usually elevated with progressive liver
inflammation. A possible mechanism is that increased
inflammatory cytokines in peripheral circulation and
liver, such as TNF-a, IL-13 and IL-6, suppress erythro-
cyte maturation and accelerate the entry of newer, larger

reticulocytes into the peripheral circulation, therefore
causing the increased RDW [28, 29]. Platelet and MO
are also included in the MRP model. It was reported that
MLR was correlated with risk of death in patients with
severe exacerbation of chronic hepatitis B [18] and can
be used in the diagnosis of bacterial infection patients
[11]. RDW-to-platelet ratio was a useful indicator for
hepatic fibrosis regardless of etiology and can reflect the
severity of hepatitis [30]. Therefore, these three parame-
ters are all common biomarkers involved with systemic
inflammation and hepatitis. Their combination in the
MRP would offer lots of potential advantages in the pre-
diction of MP-related hepatitis, which is caused by MP
pneumonia inducing systemic inflammation.

In this study, we enrolled pneumonia patients without
MP infection (including hepatitis and non-hepatitis) and
healthy control to evaluate the specificity of the MRP
model. The low AUC value (only 0.540, 95 % CI: 0.463—
0.616) suggested that MRP can not apply to screen the
hepatitis in these pneumonia patients without MP

Table 3 Accuracy of MRP in predicting MP-related Hepatitis and Hepatitis without MP infection in different sets of the pediatric

patients
MRP cut-off Hepatitis Non- Sensitivity Specificity PPV NPV
value hepatitis

Total® (N =199) > 1044 71 39 71.72% 61.00%  64.55% 68.54%
<1044 28 61

Training Set (N =105) > 1044 40 20 72.73% 60.00%  66.67% 66.67%
<1044 15 30

Validation Set (N =94) > 1044 31 19 70.45% 62.00%  62.00% 7045%
<1044 13 31

Pneumonia pediatric patients without MP infection > 1044 55 59 64.70% 3444%  4825% 50.82%

(W =175) <1044 30 31

@Consisting of the training set and validation set
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Fig. 4 Receiver operating characteristic curve analysis of MRP for MP associated hepatitis diagnosis in different age and MP-IgM titer subgroups.
Area under the curve (AUC) of MRP predicting MP-related hepatitis in whole set of participants with MP infection in infants and toddlers (age, O-
36 months) (A), preschooler and school-age child (age, > 36 months) (B) and infants (age, 0-12 months) (C); AUC of MRP predicting MP-related
hepatitis in the low MP-IgM titer subgroup (1:160-1:320) (D), high MP-IgM titer subgroup (1: 640-1:1280) (E) and in infants and toddlers (age, 0-36
months) with low MP-IgM titer (1:160-1:320) (F)

infection, which in turn ensured that MRP merely can
be used to screen hepatitis in MP pneumonia patients.
The specificity of MRP application shows some advan-
tages in MP-related hepatitis diagnosis and is more suit-
able for clinical using. Moreover, we provided an
optimal application scope of MRP: the infants and tod-
dlers patients (0—36 months) with low MP-IgM titer (1:
160-1:320). Although, we found the largest AUC (0.847,
95% CI: 0.727-0.968) in the infants group (0-12
months), the relatively small-size of positive infants par-
ticipants (n=17) impacted the credibility of the MRP
diagnosis efficiency. When we extended to include tod-
dlers patients (age, 0—36 months), the positive partici-
pants (n=34) size could sufficiently suppose the
credibility of AUC (0.812, 95 % CI: 0.719-0.904).
Although, some MP-related hepatitis patients (25.00 %
in training set and 29.54 % in validation set) were eventu-
ally misclassified by the MRP model, this simple model
was also an useful method to screen the high-risk of MP-
related hepatitis in MP pneumonia pediatric patients, with
positive predictive value of 64.55 % and negative predictive
value of 68.54 % at 10.44 cut-off point. Actually, as a novel
simple noninvasive predictive model, MRP has a fairly
high diagnostic efficiency, which can achieve an AUC of
0.804 in the optimum application scope. The misdiag-
nosed patients can receive liver biochemistry test to ex-
clude eventually and the price can be affordable. However,
enhancing the sensitivity of MRP is still needed.

Macrolide are widely used as the first-line antibacterial
agents in MP pneumonia treatment [31]. However,
macrolide-induced hepatotoxicity, which showed a sig-
nificantly elevated liver enzyme values or even chole-
static hepatitis, had been reported [32, 33]. Pre-existing
MP-related hepatitis may aggravate liver injury. Hence,
it is necessary to evaluate the high-risk of MP-related
hepatitis in MP pneumonia pediatric patients before the
antibiotics application. The score of MRP, which can be
calculated using only three parameters (MO, RDW and
PLT) from the peripheral CBC with differential, can be
used as “warning-signal” and provide a reference for
selecting antibiotic and rational drug use through timely
prediction of MP-related hepatitis. However, in our
opinion, hepatitis would not be a contraindication to the
use of macrolide antibiotics, the first-line antibacterial
for MP infection, during the treatment of MP pneumo-
nia. On the contrary, effective control of MP infection
by macrolide antibiotics is critical for the recovery of
MP-related hepatitis. After all, the possible hepatotox-
icity induced by macrolide is not common in the real
world [34]. With monitoring of the change of liver bio-
chemistry and timely hepatoprotective treatment, it is
reasonable that the possible hepatotoxicity induced by
macrolide antibiotics can be reduced or even avoided.

With the facility of finger prick blood sampling, rapid
measurement and reliable results, peripheral CBC with
differential and MP-IgM titer measurement are



Bi et al. BMC Pediatrics (2021) 21:287

commonly available in community clinics. Here the fol-
lowing flow chart can be suggested (see detail in Fig. 5):
(i) community clinicians diagnose the MP pneumonia by
means of lung X-ray examination and serum MP-IgM
titer measurement. Meanwhile, the peripheral CBC with
differential was also measured; (ii) the score of the MRP
was calculated; (iii) if the score of MRP is greater than
10.44, especially in the low MP-IgM titer of infants and
toddlers, it is highly recommended for high-level
pediatric care (e.g. monitoring hepatic function, avoid-
ing/decreasing usage of potentially hepatotoxicity antibi-
otics and so on). Otherwise, they can receive routine
usage of oral antibiotics and care at home. Considering
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the limited facilities in community clinics and the diffi-
culty in collecting peripheral vein blood samples in
pediatric patients, it is convenient for community clini-
cians to evaluate the risk of MP-related hepatitis and
help to select treatment and improve the therapeutic
effect.

Our study has several limitations. Although a total of
551 participants from two medical centers were eventu-
ally enrolled for development and validation of MRP
model, our model also needs to be further validated as
yet with large prospective studies from multicenter.
Additionally, this model developed from Asian race
pediatric patients. Our result may not be representative

[ Initial assessment of pneumonia pediatric patients }

!

Results of lung X-ray examination, MP-IgM titer and peripheral
CBC with differential reviewed by community clinicians

{

MP-IgM titer

A

4

Does the patients meet criteria
for MP pneumonia?

N

Yes

No _>[> Treatment reassess ]
Age (months )

\

[ High MP-IgM titer]

Low MP-IgM titer
(1:640-1:1280) (1:160-1:320)

Infants and toddlers
(age, 0-36 months)

Preschooler and
school-age children
(age, > 36 months)

AEEEEEEEEEEEER
)

optimum application scope
IIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIII

Treat according to MRP

Score of the MRP:
(MO[*10°/L] X 4+RDW [%]-PLT[*10°/L] X 0.01)

< 10.44 = 10.44
Low risk of MP-related hepatitis High risk of MP-related hepatitis
| |
v v

» Home / Community clinic
> Routine usage of oral antibiotics

> Hospitalization

> High-level pediatric care

> Monitoring hepatic function

> Application of hepatic protector

> Avoiding/decreasing usage of poteintial
hepatotoxic antibiotics (e.g. azithromycin,
clarithromycin et al)

Fig. 5 Flow chart of prediction and management of MP-related hepatitis in MP pneumonia pediatric patients in community clinics




Bi et al. BMC Pediatrics (2021) 21:287

of other race patients in general. We encourage our
model to undergo validation in other races and also in
centers outside China.

Conclusions

The MRP model was identified as an effective predictive
model for risk of MP-related hepatitis in MP pneumonia
pediatric patients, especially in infants and toddlers (age,
0-36 months) with low MP-IgM titer (1:160-1:320).
What's more, we also provide a flow chart of prediction
and management of MP-related hepatitis in MP pneu-
monia pediatric patients for more convenience in clinical
application.
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