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Abstract
Background:Alpha-1-acid glycoprotein(AGP) is an acute phase protein which can be elevated under
in�ammatory conditions. Few studies have explored the use of monitoring serum AGP in Mycoplasma
pneumoniae pneumonia(MPP). 

Methods:We aimed to evaluate the relationship between serum AGP and other convention
in�ammation bio-markers,in order to explore its clinical signi�cance in children with MPP. Pediatric
inpatients with bronchopneumonia from January to December 2018 were enrolled and divided into two
groups -children with MPP and children without MPP severed as controls. Serum AGP, procalcitonin (PCT)
,and other laboratory examinations were compared and multiple logistic regressions analysis was used to
select the main related factors, then receiver-operating characteristic curves were used to evaluate the
value of the selected markers used to identify MPP from bronchopneumonia. 

Results: Two hundred and sixty-eight children were enrolled in this study.Among them, 87 (32.46%) cases
were diagnosed as MPP and 181 gender-matched children were without MPP. Children with MPP were
slightly older than those without MPP and had lower levels of serum PCT (P<0.05). In addition, serum
AGP was signi�cantly higher in patients with MPP than control participants (136.06±46.37 vs.
122.29±44.21,respectively;P=0.020). Multiple logistic regressions analysis adjusted for age showed that
only AGP was the main related factor ,which could perhaps be used to identify MPP from common
bronchopneumonia and its area under the curve (AUC) was 0.703(95% CI: 0.634-
0.772;P=0.000).Combination with AGP and PCT could slightly improve the AUC(95 % CI) to 0.732 (95% CI:
0.666-0.797, P=0.000).

Conclusion: AGP is perhaps a potential bio-marker to distinguish MPP from other bronchopneumonia in
children and assist early diagnosis and treatment as soon as possible for it is relatively convenient and
fast to be carried out.

Introduction
As a cell-wall-free atypical bacterium, Mycoplasma pneumoniae (M. pneumoniae) is an important
pathogen of pediatric community-acquired pneumonia (CAP)[1].M. pneumoniae has various
manifestations dependent on the site of infections, but it most commonly correlates with respiratory tract
infection in children and adolescents aged 5 to 14 years old. In recent years, the rate of M. pneumoniae
infection has shown an obvious upward trend. In hospitalized children,M. pneumoniae pneumonia (MPP)
can reach 10–40% of CAP[2, 3].

Due to the lack of cell wall and resistance to many common antibiotics, M. pneumoniae is resistant to
many common antibiotics, thus choices for antimicrobial therapy are limited, and its clinical symptoms
are often gradual in onset and nonspeci�c, making the diagnosis of MPP a major problem in pediatrics.
Previous studies have shown that severe or fatal MPP are increasingly occurring[4].Therefore, rapid
laboratory diagnosis of M. pneumonia infection is particularly important. It is believed that the
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pathogenesis and severity of MPP mainly depends on the direct invasion of lung or bronchial tissues by
M. pneumoniae and the complex immune response to the infection of the host. It is reported that the
host’s immune responses is excessive and may play an important role in the development of severe or
refractory MPP[5, 6].

Alpha-1-acid glycoprotein (orosomucoid, AGP),largely synthesized by the liver,is a kind of acute phase
proteins(APP)which serum concentration can be increased by two to �ve times under in�ammatory
conditions[7, 8].There are few studies on the AGP use in MPP,so in this study we aimed to ascertain the
clinical role and value of serum AGP in pediatric MPP and to discover new clues for early diagnosis and
therapy of MPP.

Material And Methods
Subjects and data collection

The study was conducted in children (<16 years) with bronchopneumonia admitted to the pediatric
department of our hospital from January to December 2018.They were divided into two groups:children
with MPP and children without MPP (NMPP) severed as controls. The diagnosis of MPP was based on
the presence of (i) met CAP diagnostic criteria[9] issued by the American Thoracic Society and the
Infectious Diseases Society of America in 2007 or has clinical symptoms and signs of pneumonia such
as cough,auscultation,and lung in�ltration on chest radiographs; and (ii) the antibody titer of anti-
mycoplasma was 1:160 or greater, M. pneumoniae DNA was positive,or the microorganism was isolated
by respiratory specimens culture. Exclusion criteria included patients with (i) recurrent respiratory tract
infections ,congenital heart diseases, bronchopulmonary dysplasia,neurological disorders,hereditary
metabolic diseases,pulmonary embolism, empyema,lung abscess,tuberculosis,and immunode�ciency; or
(ii) history use of immunosuppressive agents, immunoglobulin and other drugs;or (iii) co-infected with
other pathogens,such as typical bacterial pneumonia, viral pneumonia;or (iv) unknown clinical data. Our
study was approved by the hospital’s Medical Ethics Review Committee, and informed consent was
obtained from a parent or guardian of each participant.

 

Clinical assessment and infectious parameters

Upon admission, patients were subjected to detailed medical examination and demographic data such as
name,gender,age and so on were collected. At the day of the study visit,su�cient fasting blood was
collected by a forearm vein venipuncture through an aseptic technique and the specimen were
immediately sent for laboratory measurements.The peripheral blood in EDTA-K2 anticoagulant tubes was
used to detect white blood cell counts (WBC),C-reactive protein (CRP),procalcitonin (PCT),and that in non-
anticoagulant tubes was centrifuged and the supernatant serum was collected for other
biochemical examinations.
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 CRP levels were measured via the Ottoman 1000 automatic speci�c protein instant detection analyzer (
Upper Bio-tec Pharma Co., Ltd, Shanghai, China) and procalcitonin levels were assessed via
electrochemiluminescence immunoassay on COBAS e601 analyzer (Roche Diagnostics, Basel,
Switzerland).Other parameters,such as WBC and levels of alanine aminotransferase(ALT),aspartate
aminotransferase(AST),gamma-glutamyl transferase(GGT), lactate dehydrogenase(LDH),total
bilirubin(TBil),total protein(TP),albumin(ALB),prealbumin(PA),creatine kinase(CK),creatinine kinase MB
isoenzyme(CK-MB), were also conducted via internationally accepted laboratory.

The speci�c IgM and IgG antibodies against M. pneumoniae were analyzed by passive particle
agglutination using a commercial diagnostic kit (Fuji Rebio Inc., Tokyo, Japan) according to the
manufacturer’s instructions.

Nasopharyngeal aspirates obtained within 24h after hospitalization were added 1 milliliter RNase free
normal saline and stored at −80°C. The load of M. pneumoniae was measured by quantitative diagnostic
kit (ZhiJiang Co., Ltd. Shanghai, China).Real-time �uorescence quantitative PCR was performed using a
SLAN-96P detector (Hongshi Co., Ltd.,Shanghai, China) and  the  cycling  conditions  were  as  follows :
37 °C for 2 min, 94 °C for 2 min, followed by 40 cycles of 93 °C for 15 sec and 60 °C for 1 min.

 

Measurement of AGP

AGP were analyzed via immunoturbidimetric kits purchased from the Austria Dialab Company on 
module COBAS  c702 analyzer  (Roche Diagnostics, Basel, Switzerland). The methodologies had passed
the performance veri�cation, and the inspection operation, instrument maintenance, and quality control
were strictly carried out in accordance with the requirements of the laboratory operating instructions.

 

Statistical methods

Data were expressed as  (mean ±SD) or median (interquartile range (IQR)) for quantitative variables with
normally or  nonnormally distributed continuous variables as checked via Kolmogorov-Smirnov
test,respectively. Comparisons of categorical variables between groups were analyzed by Chi-square test
or Fisher’s exact test ,while differences of quantitative variables between groups were tested with Student
T-test or Wilcoxon test, according to distributions. Multiple logistic regressions were used to evaluate
predictors of MPP. The variables that proved signi�cant predictors in logistic regression were studied
further using receiver operating characteristic (ROC) curves’ analysis. The area under the curve (AUC) for
each parameter was estimated and compared with respect to their diagnostic and prognostic capabilities
in patients with MPP. All statistical analysis were performed by the statistical package for social science
statistical software version 19.0. A 2-tailed P < 0.05 was considered statistically signi�cant.
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Results
Patients characteristics

Totally two hundred and sixty-eight children (139 males and 128 females, with age ranging from 2
months to 14 years) were enrolled in this study.Among them,87 (32.46%) cases were diagnosed as MPP
and 181 gender-matched children without MPP (NMPP) severed as controls.The median age of MPP
children was 5 years old, and the sex ratio was 0.78 (38:49). Children with MPP were slightly older than
those without MPP and had lower levels of serum PCT (P<0.05). In addition, serum AGP concentrations
were signi�cantly higher in patients with MPP than in control participants (136.06±46.37 vs.
122.29±44.21, respectively; P=0.020).There were no signi�cant differences in gender distribution;
concentration of serum ALB, PA, CRP; levels of liver function and myocardial enzymes examinations
between the two groups (P > 0.05) (Table 1).

 

Correlation between AGP and other infection parameters

The correlation between AGP and other in�ammatory biomarkers was investigated and the statistical test
results (correlation coe�cients and P-values) were listed in Table 2. Mean AGP concentrations were
signi�cantly positive associated with CRP levels (r=0.516, P=0.000) ,PCT levels (r=0.469, P=0.000) and
age (r=0.135, P =0.027) .While no signi�cant correlation between AGP concentrations, gender distribution,
and WBC was observed(P >0.05).

 

Diagnostic and prognostic capabilities of selected markers used to identify MPP in bronchopneumonia

Multiple logistic regressions adjusted for age showed that only AGP was independent related factor for
M. pneumoniae infection. The odds ratio (95% CI) of AGP was 1.009(1.002-1.015) (Table 3).

In the ROC curves’ analysis, the AUC (95% CI) for AGP and PCT levels as a predictor of MPP prognosis
was 0.703(95% CI: 0.634-0.772;P=0.000) and 0.706(95% CI: 0.638-0.773;P=0.000),respectively,better than
that of CRP(0.498[95% CI: 0.425-0.571;P=0.954]) (Figure 1).

Moreover, the combination of AGP and PCT could increase AUC (95% CI) to 0.732 (95% CI: 0.666-0.797,
P=0.000), which was slightly superior to any single index (Figure 1).

Discussion
M. pneumoniae infection may cause severe pneumonia and extra-pulmonary which might be life-
dangerous though most of M. pneumoniae infections are mild and self-limited diseases[10–
12].According to statistics, approximately 18% of children with MPP require hospitalization[13].The rate
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of M. pneumoniae infection in pediatric patients with bronchopneumonia was about 32.46% (87/268) in
our study, older than that of the control subject (5[3, 7] years old vs. 3 ([2, 4] years old), similarly to other
previous studies[14–15].

Due to the nonspeci�c manifestations and lack of reliable diagnostic test to con�rm,many MPP are likely
to be undetected[16].It is di�cult to make clinical diagniosis of M. pneumoniae infection and distinguish
MPP from other viral or bacterial pneumonia only based on clinical manifestations,and the drug
treatment diagnosis needs a certain time limit, so prompt M. pneumoniae testing could be helpful for
early detection and treatment of MPP[17–18]. However, M. pneumoniae isolation from swab or body �uid
specimens needs a long incubation period (10–14 days) and has a low positive rate, which limits the
signi�cance of early clinical diagnosis; the development of MP-DNA is not universal and often requires a
longer test cycle; and serological diagnosis is due to the low positive rate of MP antibody in the early
stage of infection and is related to the immunity of children, and double serological detection Execution
e�ciency is usually general, even if the need for multiple tests, but also need a certain time interval, so its
early diagnosis also has greater limitations[19].

Studies has suggested that the host’s immune responses may play an important role in the development
of MPP. For example,Xiaowei Wang et al [20] found that Th17 cells may be involved in the M.
pneumoniae clearance and immuno-pathological damage during the acute infection and persistent
infection, respectively.Our study focused on several infectious parameters and acute phase proteins and
we were able to demonstrate a signi�cantly higher increase of serum AGP in bronchopneumonia children
with M. pneumoniae infected as compared with control subjects. AGP, a 41–43 kDa protein belonging to
the immunoglobin family, is an important representative of acute-phase proteins[7].It is able to bind and
transport several endogen ligands related to in�ammation,and able to inhibit IL-6 and TNF-α production
and induce CD163 by the TLR4 pathway to invove in anti-in�ammatory on monocyte/macrophages[21,
22]. In the case of in�ammation, infection, myocardial infarction, and tumors, the concentration of acute
phase reactive protein in plasma is often signi�cantly increased (positive phase reactive protein) or
decreased (negative phase reactive protein) due to the increase of tissue necrosis and tissue renewal,
which might be used to differentiate acute, sub-acute and chronic pathological states. AGP is considered
to be a sensitive indicator re�ecting in�ammatory activity or acute state. Our study showed that as a risk
factor of MPP, AGP had a certain value in MPP diagnosis, while the combination of AGP with PCT could
slightly improve the e�ciency of differential diagnosis.

As to our knowledge, neutrophils are considered to be critical cells and to play an important part in
amplifying in�ammation and injure the airways,and macrophages not neutrophils play an important role
in the clearance of M. pneumoniae[6, 23].And the accumulation of a large number of neutrophils in the
lungs is an important pathological feature of MPP. Lung biopsy also shows ulcerated mucosal surfaces,
destroyed ciliated epithelium, extensive monocellular in�ltration (macrophages, lymphocytes), and
neutrophil in�ltration[24]. However, the difference of the WBC and neutrophil count between MPP and the
control subjects was not statistically signi�cant (P > 0.05) in this study. Probably the reason is that the
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sample used for the study was small and taken only from one geographic area, therefore, further trials
with bigger samples from multicenter may be needed.

In our study, although CRP concentrations were signi�cantly positive associated with AGP levels (r = 
0.516, P = 0.000), there was no signi�cant difference in CRP levels between the two groups (P > 0.05),
consistently with previous reports[25]. Jeong JE et al[26] observed that compared to those with
bronchopneumonia,children affected by segmental/lobar pneumonia showed a signi�cant increase of
serum CRP level. We also found that children with bronchopneumonia, whether with or without MPP,
seemed to have lower CRP level alike. Due to that CRP is mostly elevated in bacterial pneumonia but only
a slight increase in severe viral acute respiratory syndrome, these �ndings may suggest that M.
pneumoniae infection is more likely to resemble a viral infection than a bacterial infection[27].

PCT are precursors of thyroid hormone, which has been always used as a biomarker of bacterial
infection. Serum PCT level can increase within 2 to 4 hours and peak within 6 to 24 hours of systemic
infection, earlier than CRP level[28]. It can often help distinguish a severe bacterial infection from a milder
bacterial or viral infection. Our study showed that children with MPP had lower PCT levels (P < 0.05),
which were also signi�cantly associated with AGP levels (r = 0.469, P = 0.000), and were of great value in
differentiating MPP from bronchopneumonia with AUC 0.706(95% CI: 0.638–0.773; P = 0.000),similarly to
other previous studies[29].

The study has several limitations.First, though all the children were admitted to carry out many traditional
microbiological examinations, sputum cultures were not carried out in all proportions to give more solid
evidence of bacterial infection.Second, there is no assessment of the severity of the disease and the
value of this trial may be low in those with mild MPP although measuring serum AGP levels may help to
detect patients with severe MPP. As described above, further prospective trials with bigger samples from
multicenter may be needed to con�rm the conclusion.

Conclusions
The present study focused on clinical and laboratory �ndings in children with MPP and observed elevated
AGP in pediatric MPP. Serum AGP detection is helpful to differentiate MPP from other bronchopneumonia
and to assist clinical diagnosis and treatment as soon as possible as it is relatively convenient and fast
to be carried out.

Declarations
Acknowledgments

Not applicable.

Funding



Page 8/13

The work was funded by the Top-level Clinical Discipline Project of Shanghai Pudong (No.PWYgf 2018-
05) and Shanghai Municipal Science and Technology Commission "Science and Technology Innovation
Action Plan” of Production, Research and Medicine Cooperation Project(No.17DZ1930306).

Availability of data and materials
The data used to support the �ndings of this study are available from the corresponding author upon
request.

Abbreviations
CAP      Community-acquired pneumonia

MPP      Mycoplasma pneumoniae pneumonia

AGP      Alpha-1-acid glycoprotein

WBC     White blood cell counts

CRP      C-reactive protein

PCT      Procalcitonin

ALT      Alanine aminotransferase

AST      Aspartate aminotransferase

GGT     Gamma-glutamyl transferase

LDH     Lactate dehydrogenase

TBil      Total bilirubin

TP       Total protein

ALB     Albumin

PA       Prealbumin

CK      Creatine kinase

CK-MB  Creatinine kinase MB isoenzyme

ROC     Receiver operating characteristic



Page 9/13

AUC     The area under the curve

IL-6      Interleukin-6 

TNF-α    Tumor Necrosis Factor-α

CD63    Cluster of differentiation 63

TLR4    Toll-like receptor 4

Authors’ contributions
HF carried out the main studies and wrote the main manuscript; AZ participated in collecting and
analyzing clinical data; SY is to take responsibility for study design. All authors reviewed and approved
the �nal manuscript.

Ethics approval and consent to participate
This study was approved by the Medical Ethics Review Committee of Shanghai East Hospital a�liated to
Tongji University School of Medicine, and informed consent was obtained from a parent or guardian of
each participant.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Authors' information

Huan-ying Fang, Email: fhy0329@126.com.

Ai-ping Zhou, Email: abby_aiping@126.com

Shu-sheng Yang,Email:fdxyz1981@163.com

References
1. Chen K, Jia R, Li L, et al. The aetiology of community associated pneumonia in children in Nanjing,

China and aetiological patterns associated with age and season. BMC Public Health.

mailto:dev@null
mailto:wwj1210@126.com


Page 10/13

2015;15(1):113.

2. Jain S, Williams DJ, Arnold SR, et al. Community-acquired pneumonia requiring hospitalization
among U.S. children. N Engl J Med. 2015;372(9):835–45.

3. Liu WK, Liu Q, Chen DH, et al. Epidemiology of acute respiratory infections in children in Guangzhou:
a three-year study. PLoS One. 2014;9(5):e96674.

4. Izumikawa K, Izumikawa K, Takazono T, et al. Clinical features, risk factors and treatment of
fulminant Mycoplasma pneumoniae pneumonia: a review of the Japanese literature. J Infect
Chemother. 2014;20(3):181–5.

5. Wang M, Wang Y, Yan Y, et al. Clinical and laboratory pro�les of refractory Mycoplasma pneumoniae
pneumonia in children. Int J Infect Dis. 2014;29:18–23.

�. Li QL, Wu YY, Sun HM, et al. The role of miR-29c/B7-H3/Th17 axis in children with Mycoplasma
pneumoniae pneumonia. Ital J Pediatr. 2019;45(1):61.

7. Fournier T, Medjoubi-N N, Porquet D. Alpha-1-acid glycoprotein. Biochim Biophys Acta. 2000;1482(1–
2):157–71.

�. Bi J, Watanabe H, Fujimura R, et al. A downstream molecule of 1, 25-dihydroxyvitamin D3, alpha-1-
acid glycoprotein, protects against mouse model of renal �brosis. Sci Rep. 2018;8(1):17329.

9. Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases Society of America/American
Thoracic Society consensus guidelines on the management of community-acquired pneumonia in
adults. Clin Infec Dis. 2007;44(Suppl 2):27–72.

10. Sánchez-Vargas FM, Gómez-Duarte OG. Mycoplasma pneumoniae-an emerging extra-pulmonary
pathogen. Clin Microbiol Infect. 2008;14(2):105–17.

11. Kashyap S, Sarkar M. Mycoplasma pneumonia: clinical features and management. Lung India.
2010;27(2):75–85.

12. Meyer Sauteur PM, Streuli JC, Iff T, et al. Mycoplasma pneumoniae-associated encephalitis in
childhood–nervous system disorder during or after a respiratory tract infection. Klin Padiatr.
2011;223(4):209–13.

13. Sharma L, Losier A, Tolbert T, et al. Atypical pneumonia: updates on Legionella, Chlamydophila, and
Mycoplasma pneumonia. Clin Chest Med. 2017;38(1):45–58.

14. Cho YJ, Han MS, Kim WS, et al. Correlation between chest radiographic �ndings and clinical features
in hospitalized children with Mycoplasma pneumoniae pneumonia. PLoS One.
2019;14(8):e0219463.

15. Gao LW, Yin J, Hu YH, et al. The epidemiology of paediatric Mycoplasma pneumoniae pneumonia in
North China: 2006 to 2016. Epidemiol Infect. 2019;147:e192.

1�. Winchell JM. Mycoplasma pneumoniae-a national public health perspective. Curr Pediatr Rev.
2013;9:324–33.

17. Respiratory Branch of Chinese Pediatric Society of Chinese Medical Association. Expert consensus
on diagnosis and treatment of mycoplasma pneumoniae pneumonia in children. Chin J Appl Clin



Page 11/13

Pediatr. 2015;30(17):1304–8.

1�. Wang K, Gill P, Perera R, et al. Clinical symptoms and signs for the diagnosis of Mycoplasma
pneumoniae in children and adolescents with community-acquired pneumonia. Cochrane Database
Syst Rev. 2012;10:CD009175.

19. Guo Y, Shen C, Li QJ,et al. Application value of polymerase chain reaction combined with probe-
based in the diagnosis of pediatric Mycoplasma pneumoniae and drug resistance mutation. Chin J
Appl Clin Pediatr. 2017;32(16):1227–30.

20. Wang X, Chen X, Tang H,et al. Increased frequency of Th17 cells in children with Mycoplasma
pneumoniae pneumonia. J Clin Lab Anal. 2016;30(6):1214–9.

21. Ceciliani F, Lecchi C. The immune functions of α1 acid glycoprotein. Curr Protein Pept Sci.
2019;20(6):505–24.

22. Komori H, Watanabe H, Shuto T, et al. α (1)-acid glycoprotein up-regulates CD163 via TLR4/CD14
protein pathway: possible protection against hemolysis-induced oxidative stress. J Biol Chem.
2012;287(36):30688–700.

23. Zhao B, Yu X, Wang C, et al. High human bocavirus viral load is associated with disease severity in
children under �ve years of age. PLoS One. 2013;8(4):e62318.

24. Waites KB, Xiao L, Liu Y, et al. Mycoplasma pneumoniae from the respiratory tract and beyond. Clin
Microbiol Rev. 2017;30(3):747–809.

25. Kim JH, Kwon JH, Lee JY, et al. Clinical features of Mycoplasma pneumoniae coinfection and need
for its testing in in�uenza pneumonia patients. J Thorac Dis. 2018;10(11):6118–27.

2�. Jeong JE, Soh JE, Kwak JH,et al. Increased procalcitonin level is a risk factor for prolonged fever in
children with Mycoplasma pneumonia. Korean J Pediatr. 2018;61(8):258–63.

27. Ray S, Patel SK, Kumar V, et al. Differential expression of serum/plasma proteins in various
infectious diseases: speci�c or nonspeci�c signatures. Proteomics Clin Appl. 2014;8(1–2):53–72.

2�. Becker KL, Snider R, Nylen ES. Procalcitonin assay in systemic in�ammation, infection, and sepsis:
clinical utility and limitations. Crit Care Med. 2008;36(3):941–52.

29. Stockmann C, Ampofo K, Killpack J, et al. Procalcitonin accurately identi�es hospitalized children
with low risk of bacterial community-acquired pneumonia. J Pediatric Infect Dis Soc. 2018;7(1):46–
53.

Tables
TABLE 1. Comparison of clinical characteristics of children with MPP and control subjects
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  MPP   NMPP P-value
  n=87   n=181

Age year 5 3,7   3 2,4 0.000
Male,n % 38 43.8   101 55.8 0.067
ALT(U/L)* 13(10,17)   13(11,19) 0.106
AST(U/L)* 30(25,34)   31(25,35) 0.057
GGT(U/L)# 10(9,11)   9(8,11) 0.162

TB(μmol/L)# 4.30(3.20,5.70)   3.80(2.90,5.45) 0.129
TP(g/L)# 67.84±4.22   67.17±4.60 0.253

ALB(g/L)# 44.04±3.13   44.83±3.15 0.055
PA(mg/L)# 131.0(101.0,173.0)  132.0(115.5,168.0) 0.502
LDH(U/L)* 279(243,342)   289(249,352) 0.371
CK(U/L)* 99(78,145)   102(76,147) 0.910

CK-MB(U/L)* 33 23,44   33 26,52 0.239
WBC(×109/L)# 6.97(5.18,8.51)   7.34(5.71,9.82) 0.109

CRP(mg/L)* 1.60(1.60,4.49)   1.60(1.60,4.69) 0.949
AGP(mg/dL)# 136.06±46.37   122.29±44.21 0.020
PCT(μg/L)* 0.076(0.044,0.126)  0.089(0.054,0.217) 0.026

WBC,white blood cell;ALT,alanine aminotransferase;AST,aspartate aminotransferase;GGT,gamma-glutamyl

transferase;TB,total bilirubin;TP,total protein;ALB,albumin;PA,prealbumin;LDH,lactate dehydrogenase;CK,creatine

kinase;CK-MB,creatinine kinase MB isoenzyme;CRP,C-reactive protein;AGP,alpha-1-acid glycoprotein;PCT,procalcitonin.

*Nonnormal distribution data are presented as medians with IQR and analyzed by the use of Mann-Whitney U tests.

#Normal distribution data are presented as means and standard deviation (mean ±SD) and analyzed by the use of 2-

sample t tests.

 

TABLE 2. Correlation analysis between AGP levels and other bio-markers

Variables AGP
r P-value

Age 0.135 0.027
Gender -0.005 0.936

WBC 0.043 0.481
PCT 0.469 0.000
CRP 0.516 0.000

Abbreviations see Table 1.

 

TABLE 3. Odds ratios for MPP and multiple logistic regressions adjusted for age 
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  β S.E. Wals P valueodds ratio  95%CI
YEAR 0.023 0.00523.060 0.000 1.023 1.013-1.032
AGP 0.009 0.003 7.074 0.008 1.009 1.002-1.015
PCT -1.4250.728 3.824 0.051 0.241 0.058-1.003

Constant-2.7460.49331.081 0.000 0.064 /

Abbreviations see Table 1.

Figures

Figure 1

Receiver-operating characteristic curves for selected markers used to identify MPP from
bronchopneumonia; abbreviations see Table 1


