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Abstract

pneumoniae pneumonia (MPP).

outcomes.

Background: Serum prealbumin (PA) levels have been found to have prognostic value in patients with infectious diseases.
Objectives: We aimed to determine the relationship between PA levels and clinical outcomes in children with severe Mycoplasma

Methods: We retrospectively reviewed the data of 163 children with severe MPP who were treated in our hospital from January 2015
to December 2017. The demographic and clinical data of the subjects were collected and statistically analyzed.

Results: Our cohort was divided into quartiles by PA level. The average D-dimer level, pediatric risk of mortality (PRISM) III score,
total length of stay in hospital (TLSH), C-reactive protein/PA ratio, and proportion of patients with invasive intubation significantly
decreased as the serum PA level increased. In addition, the PRISM III estimated mortality and the procalcitonin/PA ratio significantly
differed among the four PA groups. Binary logistic regression analysis showed that PA level (odds ratio [OR]: 0.846, 95% confidence
interval [CI]:0.773-0.926,P=0.000) and invasive intubation (OR: 4.581, 95% CI:1.730-12.124,P=0.002) were independently correlated
with PRISM III scores. Multiple linear regression analysis showed that PA level (5 =-0.025, 95% CI:-0.048 to -0.002, P = 0.032) was
negatively associated with the normal score of TLSH calculated using the Blom formula.

Conclusions: The present study demonstrated that in children with severe MPP, low PA levels correlated with increased PRISM III
scores and prolonged TLSH, suggesting that low PA levels contribute to the progression of severe MPP and possibly lead to poor

Keywords: Mycoplasma pneumoniae, Severity, Prealbumin, PRISM III, Retrospective, China

1. Background

The incidence of severe Mycoplasma pneumoniae pneu-
monia (MPP) has recently increased (1). Severe MPP may
be caused by infection with drug-resistant M. pneumoniae.
In children, severe MPP is associated with mixed infection
and extrapulmonary complications such as optic neuritis,
acute kidney injury, and secondary hemolytic anemia (2-
6). In China, MPP is a leading cause of death in children
(7). Thus, MPP not only causes great economic loss but also
hasalasting social impact on families, schools,and even on
society as a whole (8). Therefore, it is necessary to find an
objective biomarker that can predict progression to severe
MPP early in the course of the disease in order to improve
prognosis.

Prealbumin (PA) s a tetrameric unglycosylated plasma

protein synthesized in the liver and is an indicator of
the nutritional and inflammatory status (9). As PA has a
shorter half-life (average, ~2 days) than albumin, it can
more precisely indicate the nutritional and inflammatory
status of a patient at the moment of measurement and
has garnered considerable clinical attention. A prospec-
tive observational cohort study showed that low PA levels
are common (36%)among patients with acute heart failure,
and are associated with higher short-term mortality (10).
Asingle-center, retrospectively conducted from November
2003 to March 2016 showed that preoperative serum PA
levels predicted patient outcomes after continuous-flow
left ventricular assist device implantation (11). A cross-
sectional study of 867 patients with acute coronary syn-
drome showed that PA was negatively and independently
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associated with angiographic severity, indicating its poten-
tial as a biomarker for estimating the burden of coronary
atherosclerosis (12). Roche et al. also reported that patients
with preoperative PA values below the normal reference
range had an increased risk of postoperative wound com-
plications following total knee arthroplasty (13). However,
to the best of our knowledge, there has been little research
focusing on PA levels in children with severe MPP. There-
fore, this retrospective study was conducted to test the hy-
pothesis that PA values correlate with the severity and pro-
gression of MPP in pediatric patients.

2. Objectives

This retrospective descriptive study was conducted
from January 2015 to December 2017, on children with se-
vere MPP admitted to a tertiary hospital in Fujian province,
China. The diagnosis of pneumonia was based on the
clinical manifestations, which included dry or productive
cough, fever, dyspnea, abnormal breathing sounds, and ra-
diological pulmonary abnormalities. The diagnosis of M.
pneumoniae infection was based on positive serological re-
sults: total antibody > 1:640, four-fold or greater rise of
M. pneumoniae -IgG and positive IgM antibody. Severe MPP
was diagnosed when any one of the following criteria was
met.

(1) Obvious tachypnea: respiratory rate > 60
breaths.min® at age < 2 months, > 50 breaths.min®
at ages 2 - 12 months, > 40 breaths.min™ at ages 1 - 5
years, and > 30 breaths.min” at age > 5 years (excluding
those with fever and were crying), with or without dys-
pnea (defined as nasal alar breathing, groaning, and the
three-concave sign) and cyanosis.

(2) Hypoxemia: pulse blood oxygen saturation < 0.92
under conditions of induced air.

(3) Continuous fever: axillary temperature > 38.5°C or
chest radiological progression after macrolide therapy for
7 days or longer.

(4) Invasion of many lobar and segmental bronchi or
infiltration > 2/3rd of a lung on chest X-ray examination.

(5) Pulmonary complications such as pleural effusion,
atelectasis, pulmonary necrosis, or lung abscess.

(6) Evidence of severe damage to other organ systems
such as central nervous system infection, heart failure, my-
ocarditis, and obvious electrolyte or acid-base disturbance.

The exclusion criteria were abnormal airway develop-
ment, congenital disease, inherited metabolic or autoim-
mune disease, neoplastic disease, malnutrition, or incom-
plete clinical data.

3. Methods

Medical records were reviewed for the following: (1)
patient description, including age, gender, length of hos-
pitalization, requirement for supplemental oxygen, and
length of fever; (2) findings of investigative workup done
within 24 h of hospital admission, such as white blood
cell (WBC) count, platelet (PLT) count, hemoglobin (Hb),
red blood cell volume distribution width (RDW), C-reactive
protein (CRP), procalcitonin (PCT), PA, lactate dehydroge-
nase (LDH), MB isoenzyme of creatine kinase (CK-MB), ala-
nine aminotransferase (ALT), and D-dimer level measure-
ments, and blood culture, electrocardiography, and chest
radiography; (3) disease severity parameters, including
systolic blood pressure, temperature, mental status, heart
rate, pupillary reflexes, acidosis (pH), total CO,, PCO,, arte-
rial Pa0,, glucose, potassium, creatinine, urea, WBC count,
prothrombin time or partial thromboplastin time, and PLT
count. The worst values of the aforementioned disease-
severity parameters within 24 h after admission were
used to generate the pediatric risk of mortality (PRISM) III
score. Coinfection detected within 24 h after admission
was recorded using the following techniques: blood cul-
ture for bacterial infection, passive agglutination method
for the detection of M. pneumoniae antibody, indirect flu-
orescent antibody test for nine common viruses (respira-
tory syncytial virus, adenovirus, influenza viruses A and B,
parainfluenza viruses 1, 2, and 3, Legionella pneumophila,
Chlamydia pneumoniae, M. pneumoniae, and Coxiella bur-
netii), fluorometric PCR assay for the detection of Epstein-
Barr virus and cytomegalovirus, colloidal gold method for
the detection of enterovirus type 71,and enzyme-linked im-
munosorbent assay for the detection of Herpes simplex
virus in serum samples.

The study was approved by the ethics committee of
our hospital (no, 2017-042). All subjects and their family
members signed informed consent forms, and the sub-
jects’ data were anonymized before analysis.

All data were analyzed using SPSS version 23.0 (IBM).
The findings of descriptive analyses were reported as ab-
solute frequencies or rates in the case of categorical vari-
ables, as medians (minimum-to-maximum values) in the
case of quantitative variables with non-parametric distri-
butions, and as mean = SD in the case of quantitative vari-
ables with normal distributions. Quantitative variables
were compared among the study groups by using one-way
analysis of variance (ANOVA) or the Kruskal-Wallis test, as
appropriate. Categorical variables were compared using
the x? test. Linear correlation analysis of statistically sig-
nificant variables was performed. Based on the results of
the linear correlation analysis, binary multivariate logistic
regression analysis or multivariate linear regression anal-
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ysis was performed to identify independent variables pre-
dicting hospital mortality and the total length of stay in
the hospital (TLSH). P values < 0.05 were considered statis-
tically significant.

4. Results

4.1. Demographic Characteristics

A total of 180 children with severe MPP were admitted
to our hospital. In the subsequent data collection, seven
children were excluded due to incomplete clinical data,
three children were excluded due to malnutrition, three
children were excluded due to congenital tracheal steno-
sis, two children were excluded due to methylmalonic
acidemia, and two children were excluded due to acute
lymphoblastic leukemia (Figure 1). Finally, our study in-
cluded 163 infants with severe MPP, including 86 boys and
77 girls (male-to-female ratio, 1.1:1).

Selected cases
[180 Children who were hospitalized due to severe MPP

—{Incomplete clinical data (n=7)

Excluded cases

Malnutrition (n=3)

Methylmalonic acidemia (n=2)

—»( Acute lymphoblastic leukemia (n =2)

Congenital tracheal stenosis (n=3) j

[ 163 Children who were hospitalized due to severe MPP analyzed

Figure 1. Flow chart of the study selection and exclusion process

We divided our cohort into quartiles by PA level as fol-
lows: first quartile, PA < 10.86 mg/dL; second quartile,
10.86 < PA <14.43 mg/dL; third quartile, 14.43 < PA < 20.73
mg/dL; and fourth quartile, PA > 20.73 mg/dL. These four
groups were similar with respect to gender and age (P >
0.05). PRISM III score and PRISM Ill-estimated mortality
were non-linearly related to the other statistically signifi-
cantvariables. For the purpose of statistical analysis, we di-
vided our cohort into two groups according to previously
published methods (14) as follows: PRISM III score > p75 (n
=39) and PRISM Il score < p75 (n =124).
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4.2. Clinical Characteristics

Fever was the most common symptom among the
overall cohort, and the length of fever did not significantly
differ among the PA quartiles. The proportion of patients
with invasive intubation significantly increased with de-
creasing PA levels (P < 0.05; Table 1). Coinfections and
extrapulmonary complications were common among the
children with MPP, but there were no significant differ-
ences between the PA quartiles in terms of the rates of
coinfections, cardiovascular complications, gastrointesti-
nal complications, neurological complications, hemato-
logical complications, extrapulmonary complications, or
multisystem complications.

Regarding laboratory examinations, the average D-
dimer level, PRISM III score, TLSH, and CRP/PA ratio signif-
icantly decreased as the serum PA level increased. In ad-
dition, the PRISM III estimated mortality and PCT/PA ratio
significantly differed among the four groups (P < 0.05).
However, no differences were observed in terms of the WBC
count, Hb level, PLT count, RDW, and the CRP, PCT, LDH, CK-
MB, and ALT levels (Table 1).

4.3. Correlation Between Clinical Characteristics and PRISM III
Scores

The following clinical and laboratory parameters with
statistically significant differences among the four PA
groups were further analyzed using binary logistic regres-
sion analysis to identify variables that were independently
associated with the PRISM Il estimated mortality: invasive
intubation (categorical variable) and D-dimer, PA, TLSH,
and the CRP[PA and PCT/PA ratios (continuous variables).
We found that PA level (odds ratio [OR]: 0.846, 95% confi-
dence interval [CI]: 0.773 - 0.926; P = 0.000) and invasive
intubation (OR: 4.581, 95% CI: 1.730 - 12.124; P = 0.002) were
independent variables that entered the final model (Table
2). This suggested that lower PA levels increased the risk of
hospital mortality independently of the effect of possible
confounders.

4.4. Correlation Between Clinical Characteristics and TLSH

The following clinical and laboratory parameters with
statistically significant differences among the PA groups
were analyzed using multiple linear regression to identify
variables independently associated with TLSH: invasive in-
tubation (categorical variable) and D-dimer, PA, CRP/PA ra-
tio, and PCT/PA ratio (continuous variables). The TLSH data
were not normally distributed and were transformed us-
ing the Blom formula to achieve a normal distribution. The
dependent variable was thus the normal score of TLSH as
calculated using the Blom formula. In the multiple lin-
ear regression analysis model (F = 3.527, P = 0.016), the
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Table 1. Characteristics of Study Cohort

Characteristics ALL First Quartile, PA Second Quartile, Third Quartile, Fourth Quartile, FZ/x* P Value
<10.86 mg/dL(N= 10.86 mg/dL < PA 14.43 mg/dL< PA PA> 20.73 mg/dL
49) <14.43mg[dL(N= <20.73mg/dL(N= (N=33)
33) 48)
Length of fever,d 4.26 (0-37.00) 5.46 (0-37.00) 3.82(0-22.00) 4.21(0-18.00) 3.05(0-17.00) 3100 0376
Invasive 35-21.5 16-32.6 9-273 6-12.5 4-121 8.294 0.040
intubated (n, %)
Coinfection of two 44-27.0 14-28.6 9-273 11-22.9 10-30.3 0.651 0.885
Or more noxaes (n,
%)
Extrapulmonary 33-20.2 1-22.4 6-18.1 10-20.8 6-18.1 0.332 0.954
complications of
two or more
systems (n, %)
White blood cell 14.62 £ 7.26 15.61 & 7.42 12.60 1837 14.22 +7.23 15.74 + 5.52 1.479 0.222
count, X10°|L
Hemoglobin, g/L 13.77 £17.91 113.67 £ 16.05 113.12 £ 18.04 113.60 19.97 114.82 +18.04 17.307 0.053
Platelet count, 405.96 1 187.33 420.92 +196.84 386.42 19332 365.50 1 172.48 46215 +178.91 1.996 0.117
x10°[L
Red blood cell 14.70 +1.92 14.98 +1.95 14.94 +232 1431+ 1.73 14.59 1 1.68 1222 0.303
volume
distribution
width, %
CRP, mg|L 32.22(0.50 - 386.50) 34.12(0.50 -386.50) 29.07(0.50 -185.60) 34.75(0.50 - 386.50) 28.86 (0.50-198.00) 0.405 0.939
PCT, ng/L 1.04(0.01-25.00) 0.63(0.02-4.07) 1.65 (0.01-25.00) 130 (0.02-22.46) 0.65(0.05-3.64) 1.053 0.789
Lactate 810.11(136.80 - 612.50 (158.80 - 1330.63 (136.80 - 706.61(238.10 - 749.34 (250.70 - 1.788 0.617
dehydrogenase, 11000.00) 1740.00) 11000.00) 2363.80) 4635.00)
U/L
MB isoenzyme of 46.23 (3.00-300.00) 41.31(6.00 -203.00) 57.47(1030-295.20)  37.06(3.00-300.00) 55.63 (5.00 -202.50) 5.975 0.113
creatine kinase,
u/L
Alanine 60.52(4.00 - 516.60) 62.71(7.40 - 516.60) 46.34(5.90 -316.70) 66.55 (7.40 - 371.70) 62.69 (4.00 -174.70) 6.368 0.095
aminotransferase,
UL
D-dimer, mg|L 3.88(0.05-80.00) 5.11(0.13- 60.26) 4.36(0.24-39.33) 3.95(0.05-80.00) 1.49 (0.16-15.60) 14.509 0.002
TLSH,d 15.15 (1.00 - 72.00) 18.53(2.0-72.0) 16.52 (1.0 - 62.0) 13.27(3.0- 62.0) 11.48 (5.00 - 26. 0) 8335 0.040
PRISM III scores 2.85(0-33.00) 4.51(0-32.00) 4.15(0-33.00) 1.63(0-16.00) 0.88(0-5.00) 151.243 0.000
PRISM III 3.24(0.41-88.22) 5.00(0.55-84.84) 5.28(0.41-88.22) 1.43(0.49-18.60) 1.21(0.65-10.15) 29.495 0.000
estimated
mortality (%)
CRP/PA 2.40(0.02-39.36) 3.69 (0.05-39.36) 2.35(0.03-16.11) 1.99 (0.02-19.84) 112 (0.02-7.18) 8.038 0.045
PCT/PA 0.08(0-2.71) 0.07(0-0.37) 0.14 (0-2.17) 0.08(0-1.47) 0.02(0-0.13) 8.982 0.030

Abbreviations: CRP, C-reactive protein; PA, pre-albumin; PCT, procalcitonin; PRISM 1], the pediatric risk of mortality III; TLSH, the total length of stay in hospital.

tolerance of the independent variables was greater than
0.2, and the variance inflation factor of the independent
variables was less than 10, indicating that there was no
collinearity among the independent variables (Table 3).
The histogram of standardized residuals and the scatter
plots of standardized residuals and predicted values sug-
gested that the residuals passed the tests of normality and
equal variance. The Durbin-Watson statistic was 2.107 (i.e.,
~2) in the model summary form, so there was no signifi-

cant correlation between the residuals (data not shown).
Therefore, the multiple linear regression model fulfilled
the five demands of linear correlation, no collinearity, nor-
mality and equal variance of residuals, and independent
residuals, suggesting that the model was valid. From the
multiple linear regression analysis model, the level of PA
(B =-0.025, 95% CI: -0.048 to -0.002, P = 0.032) was found
to be negatively associated with the normal score of TLSH
calculated using the Blom formula.

Iran | Pediatr. 2020;30(1):e97680.


http://ijp.tums.pub

Wang CYet al.

Table 2. Independent Variables for PRISM III Scores by Binary Logistic Regression Analysis

Exp (3) 95% Confidence Interval

B S.E. Wals df sig Exp (B)
Lower Bound  Upper Bound
Prealbumin -0.168 0.046 13163 1 0.000 0.846 0.773 0.926
D-dimer 0.036 0.030 1409 1 0.235 1.037 0.977 1101
Invasive 1.522 0.497 9.379 1 0.002 4.581 1730 12.124
intubated
TLSH -0.003 0.016 0.028 1 0.868 0.997 0.966 1.030
CRP/PA 0.027 0.043 0.387 1 0.534 1.027 0.944 1117
PCT/PA -1.350 1.641 0.677 1 0.411 0.259 0.010 6.465
Abbreviation: TLSH, the total length of stay in hospital
Table 3. Independent Variables for the Total Length of Stay (TLSH) in Hospital by Multiple Linear Regression Analysis®
Unstandardized Coefficients Standardized B 95% Confidence Interval Collinearity Statistic
Coefficients )
Model t Sig.
B8 Std. Error Beta Lower Upper Tolerance VIF
Bound Bound

Prealbumin -0.025 0.012 0.171 -2.158 0.032 -0.048 -0.002 0.952 1150
D-dimer -0.010 0.009 -0.088 -1.080 0.282 -0.028 0.008 0.897 1115
Invasive 0.322 0.197 0.134 1.634 0.104 -0.067 0.712 0.882 1133
intubated

?Dependent variable: Normal score of TLSH using blom’s formula

5. Discussion

Serum PA, a negative acute-phase reactant, has been
associated with neoplastic disease, acute kidney injury,
brain injury, and cardiovascular diseases (15-18) Further-
more, many studies have shown the prognostic value of
serum PA for infectious diseases. Cheng et al. reported
thatlower transthyretin (or PA) levels were associated with
greater infectious complication rates, greater mortality,
longer hospital stay, longer ICU stay, and increased ven-
tilator days (19). Retrospective analysis indicated that PA
in combination with the blood urea nitrogen concentra-
tion and the number of infected spaces can predict the
length of hospital stay for patients with odontogenic in-
fections (20). Salvetti et al. showed that in a consecutive
series of 387 patients, the preoperative PA level correlated
with the risk of surgical-site infection after elective spine
surgery (21). Sun et al. also suggested that serum PA in-
sufficiency is related to a greater recurrence risk for in-
flammatory processes (22). Ye et al. argued that the early
measurement of serum PA during the acute phase of is-
chemic stroke may help identify patients at risk for stroke-
associated infection, and may hence guide interventions
to prevent stroke-associated infection (23). Other studies
have indicated PA can be used as areference marker to com-
plement the chest X-rays for severity assessment of chil-
dren CAP (24, 25). PAwas useful for differentiating patients

Iran ] Pediatr. 2020;30(1):e97680.

with refractory Mycoplasma pneumoniae pneumonia from
those with the general Mycoplasma pneumoniae pneumo-
nia (26). In this study, we found that lower PA levels were
associated with increased PRISM III scores and prolonged
TLSH, suggesting that PA may be involved in the progres-
sion of severe MPP and may contribute to its poor out-
comes via mechanisms that remain to be clarified. Our
findings are consistent with those of the above investiga-
tions. The following might explain our findings. First, se-
vere MPP cascade releases a large number of inflammatory
mediators and cytokines. The excess inflammatory medi-
ators and cytokines interfere with hepatic protein synthe-
sisand decrease the production of serum PA. The serum PA
concentration falls in the presence of M. pneumoniae infec-
tion due to increased vascular permeability (27, 28). Sec-
ond, critical illness (including severe MPP) is usually asso-
ciated with a high catabolic state. Children in pediatric
ICUs must be administered adequate nutrients to meet the
increased dietary needs in critical illness, but this is not
an easy task. PA levels are positively correlated with daily
protein and energy intake, and the catabolic state associ-
ated with critical illness may lead to immunosuppression,
poor wound healing, and ICU-acquired weakness, which
in turn lead to increased mortality and delayed recovery
(29). Third, low serum PA levels predict which critically
ill patients may develop hypoglycemia and refeeding hy-
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pophosphatemia after at least 48 h of no nutrition, and se-
vere hypoglycemia and hypophosphatemia confer a signif-
icant mortality risk on the hospitalized patient (30).

Because PA synthesis is influenced by inflammation,
some studies have integrated inflammatory responses and
nutrition status with their ratio (12, 31, 32). to diminish
their interference. A prospective cohort study of 70 crit-
ically ill patients demonstrated a strong correlation be-
tween the severity of organ dysfunction and the ratio of
the two hepatic proteins CRP and PA (33). Another prospec-
tive study of 240 consecutive adult patients in a medical
ICU showed that the CRP/PA ratio was independently cor-
related with hospital mortality and TLSH (34). Brown et
al. (35) studied 20 trauma patients who received a high-
protein enteral formulation within 5 days of injury. The
serum PCT, CRP, and PA levels were analyzed on days1and 7
of enteral nutrition. The results suggested that the PCT/PA
ratio had prognostic importance in determining clinical
outcomes, especially in critically ill patients. In this study,
we observed that the CRP/PA ratio gradually and signifi-
cantly decreased as the serum PA level increased. Further-
more, the PCT/PA ratio significantly differed among the
four PA groups. However, binary logistic regression anal-
ysis showed that the CRP/PA and PCT/PA ratios were not as-
sociated with PRISM III scores. These inconsistent results
could be due to the limited sample size or due to regional
and inter-individual differences between our study and the
above studies.

This study has some limitations. First, the sample size
of this study was small. Although selection bias is not
entirely preventable, even in multicenter studies, further
prospective studies may help to reduce this bias. Second,
the results might be limited due to the fact that this study
involved children who were admitted to a tertiary hospi-
tal, and therefore, patients with severe MPP may have been
over-represented. Despite these limitations, our results
provided useful insights into the correlation of serum PA
levels with PRISM III scores and TLSH in children with MPP.

The present study demonstrated that low PA levels
were associated with higher PRISM III scores and longer
TLSH, suggesting that low PA levels contribute to the pro-
gression to severe MPP and possibly result in poor out-
comes.
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