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Hepatocyte growth factor can guide treatment of
Mycoplasma pneumoniae pneumonia in children

LUN QIN LIU"", ZHI HUA WANG>" and HAI YUN YAO®

1Depar‘[ment of Inspection, Infectious Diseases Hospital of Jinan, Jinan, Shandong 250021; 2Department of Pediatrics,

Tianjin Nankai Hospital, Tianjin Medical University, Tianjin 300100; 3Department of Inspection,
Jinan Blood Center, Jinan, Shandong 250001, P.R. China

Received January 8, 2019; Accepted February 2, 2020

DOI: 10.3892/etm.2020.8596

Abstract. The objective of the present study was to explore
the role of hepatocyte growth factor (HGF) in directing
treatment of Mycoplasma pneumoniae pneumonia (MP).
Serum levels of HGF were assessed using ELISA in
65 pediatric patients with MP, 42 with bacterial pneu-
monia and 30 healthy controls. Serum levels of C-reactive
protein (CRP), the standard guide for MP treatment, were
also examined in severe and non-severe MP. The sensitivity
and specificity of HGF and CRP in assessing the outcome
of azithromycin treatment of MP were compared using
receiver operating characteristic curves. HGF levels were
elevated in MP and bacterial pneumonia patients compared
with healthy controls. HGF levels were also significantly
higher in severe MP than in non-severe MP. HGF showed
higher sensitivity and specificity than CRP in assessing
outcomes of azithromycin treatment of MP. The results of
the present study indicated that HGF may be used to detect
severe MP and to direct its management. Furthermore, HGF
may be better predictive marker to assess the effectiveness
of azithromycin treatment of MP than CRP.

Introduction

Hepatocyte growth factor (HGF) was originally discovered as
a mitogen of hepatocytes in adult rats and exhibits a cytotoxic
effect in certain tumor cells, such as those in hematoma (1-2).
HGF is a paracrine factor that is secreted by mesenchymal
cells, such as fibroblasts, bronchial epithelial cells, alveolar
macrophages and neutrophils, and plays an important role in
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lung development, inflammation and tissue repair (3-5). The
biological effect of HGF is mediated by the cell membrane
receptor MET (6). HGF synthesis is regulated by prostaglan-
dins, cytokines and hormones, while its cellular secretion is
stimulated by acute phase proteins, such as tumor necrosis
factor-a (TNF-a), interleukin (IL)-1a, IL-1f, IL-6, platelet
derived growth factor and fibroblast growth factor {3, as
well as cyclic adenosine monophosphate (7-10). HGF can be
detected in edema fluid during acute lung injury, where it is
produced locally by fibroblasts and inflammatory cells (11-14).
HGEF is therefore used to assess progression of Legionella
pneumonia (15), solitary pulmonary nodules (16) and bacterial
pneumonia (17).

Mycoplasma pneumoniae pneumonia (MP), which is
unresponsive to commonly used antibiotics such as peni-
cillin, is caused by a microorganism associated with atypical
pneumonia (18). Mycoplasma pneumoniae infections vary
dramatically in clinical presentation, ranging from mild and
self-limiting upper respiratory symptoms to radiographically
confirmed pneumonia that requires hospitalization (19). In
some cases, Mycoplasma pneumoniae infection may result
in severe clinical consequences that involve organs other than
lungs, such as encephalitis and acute hepatitis, which is known
as extrapulmonary complications (20, 21). As the Mycoplasma
pneumoniae incubation period can last as long as 3 weeks,
and prolonged shedding follows infection, outbreaks often
go unnoticed and the course of infection can extend for long
periods of time (22). The clinical detection of Mycoplasma
pneumoniae relies on serological IgM testing or PCR assay;
culture is rarely used because the microorganism grows very
slowly (23, 24). Macrolides are the treatment of choice for
MP, while tetracyclines and fluoroquinolones also prove to be
effective (25).

Pneumonia treatment is particularly important in chil-
dren, as it remains the most common cause of mortality and
morbidity in children <5 years of age globally (26). Although
preventable, pneumonia can lead to chronic lung conditions,
such as pulmonary fibrosis, if it is recurrent or untreated (27).
A study among a Finnish population reported that MP was
detected in 30% of pediatric community-acquired pneumonia
patients and in >50% children aged 5 years or older (28).

In the present study, serum HGF levels were assessed in
MP as well as in bacterial pneumonia.
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Materials and methods

Patient enrollment. Children (n=137; age range, 3-14 years;
mean age, 6.7+3.5) who visited the Pediatric Department of
Tianjin Nankai Hospital between January 2014 and June 2015
were enrolled in the study, including 65 cases of MP, 42 cases
of bacterial pneumonia and 30 healthy children who visited the
department for health examinations. This study was approved
by The Ethics Committee of Tianjin Nankai Hospital (approval
no. 2017-018P), which waived written consent, because the
study was observational and residual blood after completing
the routine follow-up was used. Oral consent for participation
in the study was obtained from each patient and their parent.

Diagnosis of MP and bacterial pneumonia. The inclusion
criteria were a combination of: i) Fever; ii) cough; iii) breathing
crackles; iv) lung consolidation, and v) serum IgM against
Mycoplasma pneumoniae =1:160 at the first day of admission
or an increase in IgG against Mycoplasma pneumoniae at
least 4 times by the 7th day following admission (29). Patients
were also not responsive to penicillin, cephalosporins or
sulfonamide.

Severe MP (n=27) was defined as in the guidelines of
community-acquired pneumonia management in children
in China (30). It was diagnosed if a patient met at least two
of criteria i-iii or either of criteria iv and v. The criteria
were: i) Obvious tachycardia or tachypnea (respiratory rate
=40 breaths per minute or heart rate =140 beats per minutes
in children aged 1-5 years; respiratory rate =30 breaths per
minute or heart rate =120 beats per minutes in children
aged over 5 years); ii) unresponsive to [3-Lactam antibiotics;
iii) lung consolidation that involved more than one lobe of the
lung confirmed by chest x-ray; iv) complicated with pleural
effusion or pulmonary necrosis/abscess, and v) partial pres-
sure of oxygen less than 60 mmHg (7.98Ka) or involvement of
other organs.

Cases of bacterial pneumonia were diagnosed by blood
culture and culture of the expectorated sputa with no contami-
nation, as indicated by scanty squamous epithelium but
dominant with columnar epithelium (31).

Exclusion criteria. The exclusion criteria were any of the
following: i) Patients were infected by another pathogen
within 7 days of hospital stay; ii) patients were in the recovery
stage of pneumonia since their admission, as shown by stable
body temperature and resolved chest x-ray; iii) patients with
a past history of bronchial asthma or recurrent pulmonary
infection; iv) primary or secondary immune-compromised
patients; v) patients with complicated renal, pulmonary, liver,
cardiovascular or connective tissue diseases, and vi) patients
with incomplete medical history.

Determination of HGF, WBC, LDH, alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and CRP levels.
Serum levels of HGF in each sample were determined by ELISA
(cat. no. EOTH0208; Blue Gene) according to the manufacturer's
instructions while WBC, LDH, ALT, AST and CRP levels
were assessed using ADVIA 2400 Clinical Chemistry System
(Siemens Healthineers). HGF and CRP lebels were examined on
the day of admission and at 2 days after admission.
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Azithromycin administration. All patients who suffered
from MP were administered azithromycin (10 mg/kg/day)
intravenously on the day of admission for 2 days. Readings
were then taken on the third day to confirm whether patients
have responded to treatment. Patients were evaluated and
further divided into two groups according to the effectiveness
of azithromycin. Treatment was determined to be effective
if systemic symptoms such as fever, myalgia and headache
were resolved and respiratory symptoms improved. This
was based on the recommendations of the guidelines of
community-acquired pneumonia management in children in
China (30).

Statistical analysis. All statistical analyses were performed
using SPSS v17.0 (SPSS, Inc.). Continuous variables are
presented as the mean + standard deviation (SD) or median
values with interquartile range (IQR). Normally distributed
parameters between multiple groups were tested using
one-way ANOVA followed by Tukey's multiple comparison
test. Normally distributed parameters between two groups
were examined with unpaired t-tests. The Mann-Whitney U
test was used to compare serum CRP levels, which were not
normally distributed. Discrete variables between multiple
groups were analyzed using the ¥ test. Receiver operating
characteristic (ROC) curve analysis was used to analyze the
discriminative power of laboratory markers to predict the effi-
cacy of macrolides in MP. P<0.05 was considered to indicate a
statistically significant difference.

Results

There were no significant differences between age and sex
of the subjects in the control, bacterial pneumonia and MP
groups. Additionally, there were no significant differences
between ALT and AST levels among the three groups
(Table I). CRP levels significantly differed among bacterial
pneumonia, MP pneumonia and control subjects (P<0.001;
Table I). As indicated in Fig. 1A, serum HGF levels were
significantly higher in the MP and bacterial pneumonia
groups compared to levels in control subjects on the day of
admission before treatment (P<0.05). HGF levels did not
vary significantly between MP and bacterial pneumonia
(Fig. 1A). Similarly, CRP levels did not vary significantly
between MP and bacterial pneumonia (Fig. 1B), while LDH
levels are significantly higher in MP pneumonia compared
with bacterial pneumonia (P<0.05; Fig. 1C). Patients who
suffered from MP were divided into severe MP (n=27)
and non-severe MP (n=38), according to the guidelines of
community-acquired pneumonia management in children
in China (30). HGF was significantly higher in severe MP
than in non-severe MP on the day of admission (P<0.05;
Fig. 2A). In addition, CRP was significantly higher in
severe MP [17.8 (5.5-30.1) mg/1] than in non-severe MP [5.9
(2.4-25.0) mg/1; Table II; Fig. 2B] as was LDH (337.0+120.3
vs. 256.9+54.4 TU/1; Table II; Fig. 2C). There were no
obvious differences in sex, WBC count and liver function
(as indicated by ALT and AST) between severe cases and
non-severe cases. However, the average age of severe MP
patients was significantly older than that of non-severe
patients (Table II).
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Table I. Clinical characteristics of patients in all three groups.
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Patient group

Variables MP Bacterial pneumonia Healthy control P-value
No. of cases 65 42 30

Mean age (years) 7.2+3.2 5.8+3.7 6.9+34 0.089

Sex (male/female) 36/29 18/24 14/16 0.406

WBC count (x/ul) 8,585.2+3,985.9 9,992.4+4,819.2 6,283.3£1,394.8 0.001

LDH (1U/1) 290.2495.7 259.0+£59.1 130.1+29.5 <0.001

ALT (IU/) 18.5+6.7 18.1£6.5 20.3+£5.6 0.349

AST (1U/M) 28.0+9.3 30.1+8.1 272452 0.275

CRP (mg/1) 9.5 (3.6-28.0) 20.1 (5.2-36.3) <0.8 <0.001

CRP data is presented as median with interquartile range, while other parameters were shown as mean.+ standard deviation. MP, Mycoplasma
pneumoniae pneumonia; LDH, lactate dehydrogenase; ALT: alanine aminotransferase; AST, aspartate aminotransferase; WBC, white blood

cell; CRP, C-reactive protein.
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Figure 1. Serum HGF levels in MP (n=65), bacterial pneumonia (n=42) and healthy control patients (n=30) on the day of admission. (A) HGF levels were
significantly higher in both MP and bacterial pneumonia compared when with control subjects. (B) CRP levels did not differ significantly between MP and
bacterial pneumonia patients. (C) LDH levels were significantly lower in bacterial pneumonia patients than MP patients. Data are presented as the mean + SD.
“P<0.05 vs. healthy control patients; CRP, C-reactive protein; HGF, hepatocyte growth factor; LDH, lactate dehydrogenase; MP; Mycoplasma pneumoniae

pneumonia; ns, not significant.
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Figure 2. Serum HGF, CRP and LDH levels in patients with severe MP and non-severe MP at the first day of admission. (A) HGF, (B) CRP and (C) CRP were
significantly higher in severe MP (n=27) compared with non-severe MP (n=38). Data are presented as the mean + SD. "P<0.05. CRP, C-reactive protein; HGF,
hepatocyte growth factor; LDH, lactate dehydrogenase; MP; Mycoplasma pneumoniae pneumonia.

In those 42 patients who responded to 2 days of azithro-
mycin treatment, serum HGF levels dropped significantly
(P<0.05; Fig. 3A) as did CRP levels (P<0.05; Fig. 3B). In addi-
tion, LDH was also significantly reduced (P<0.05; Fig. 3C).
There was no evident change in HGF, CRP or LDH (P>0.05)
in the 23 patients who were not responsive to azithromycin
treatment (Fig. 3).

Finally, the sensitivity and specificity of CRP, LDH
and HGF in assessing effectiveness of azithromycin treat-
ment were compared. As indicated in Fig. 4, HGF showed
advantage over CRP and LDH in evaluating azithromycin
treatment with higher sensitivity or specificity (P<0.05). The
sensitivity (97.6%) and specificity (78.3%) levels of HGF were
both higher than those of CRP (91.2% sensitivity; 69.1% for
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Table II. Comparison of clinical characteristics of patients with differing severities of MP.
MP severity

Variables Non-severe Severe P-value
No. of cases 38 27
Mean age (years) 6.3+3.1 8.5+3.1 0.004
Sex (male/female) 19/19 17/10 0.324
WBC count (x/u1) 9,028.2+4,258.9 7,961.9+3,550.1 0.291
LDH (1U/1) 256.9+54 4 337.0+120.3 0.003
ALT (IU/) 17.5+4.1 19.9+9.2 0.201
AST (1U/1) 27.8+9.0 28.4+9.8 0.768
CRP (mg/1) 59 (2.4-25.0) 17.8 (5.5-30.1) 0.038

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; LDH, lactate dehydrogenase; MP, Mycoplasma
pneumoniae pneumonia; WBC, white blood cell. CRP is presented as median with interquartile range while other parameters were shown as

mean with standard deviation.
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Figure 3. Serum HGF, CRP and LDH levels in patients with MP after 48 h azithromycin treatment. (A) HGF, (B) CRP and (C) LDH levels fell in subjects
who were response to treatment (n=42) but did not change in subjects for whom the treatments were ineffective (n=23). Data are presented as the mean + SD.
“P<0.05. CRP, C-reactive protein; HGF, hepatocyte growth factor; LDH, lactate dehydrogenase; MP; Mycoplasma pneumoniae pneumonia.
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Figure 4. ROC curves. ROC curves showed the sensitivity and specificity of CRP,
LDH and HGF in predicting effectiveness of azithromycin treatment for 48 h in
65 MP patients. HGF exhibited a significant advantage in assessing azithro-
mycin over CRP and LDH. The optimal cutoff value of HGF was 8,468 pg/ml,
with a sensitivity of 97.6% and a specificity of 78.3%. CRP, C-reactive protein;
HGEF, hepatocyte growth factor; LDH, lactate dehydrogenase; MP; Mycoplasma
pneumoniae pneumonia; ROC, receiver operating characteristic.

specificity) and LDH (85.1% sensitivity; 70.2% specificity),
respectively (Table I1I).
Discussion

HGF is known to be elevated in Legionella pneumonia (15)
and bacterial pneumonia (17), which led to the hypothesis

that it may be elevated in MP. When children are infected
with Mycoplasma pneumoniae 1L-2, IL-6 and TNF-a are
released into the peripheral blood (32), which can stimulate
secretion of HGF (10). HGF is also known to be secreted
at high levels in viral pneumonia and HGF/MET signaling
enhances the innate immune response, by stimulating the
secretion of IL-8 and granulocyte macrophage colony-stim-
ulating factor (33). Additionally, both HGF and CRP levels
correlated with the severity of MP, as shown in the present
study. HGF has been used to assess the severity of avian
origin influenza A (H7N9) virus and worked as an inde-
pendent outcome predictor (34). Therefore, HGF has been
suggested to act as a general indicator of activity of the innate
immune response, rather than as a specific marker for MP.
However, this does not impede its application in assessing
MP. Interestingly, the present study showed that LDH was
also upregulated in severe MP. In the present study LDH
was used as a biomarker to predict refractory MP, which is
characterized by prolonged fever and hospital stay as well
as more severe pulmonary symptoms in children (35) as an
alternative to erythrocyte sedimentation rate and CRP (36).
LDH may be an indicator of severity of MP. In the present
study, the mean age of severe MP patients was higher than
non-severe ones, which may be due to the more mature
immune system in older children causing longer duration
of fever, higher CRP, and more severe pulmonary lesions
compared to younger patients.
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Table III. A comparison of sensitivity and specificity of LDH,
CRP and HGF.

Sensitivity Specificity
Parameter (%) (%) 95% ClI
HGF 97.6 78.3 0.817-1.000
CRP 912 69.1 0.725-0.942
LDH 85.1 70.2 0.473-0.792

CRP, C-reactive protein; HGF, hepatocyte growth factor; LDH, lac-
tate dehydrogenase; CI, confidence interval.

Determining the severity of pneumonia is not always
straightforward. The World Health Organization criteria
divide the severity of pneumonia into 2 grades: Severe
pneumonia and very severe pneumonia (37). Although there
is an association between these classifications and clinical
outcome (38,39), it is still a relatively coarse classification
system and does not consider population variation due to
geography. As all subjects in the present study were Chinese
children, Chinese national guidance was applied to divide
pediatric pneumonia into severe and non-severe cases (30).
Identifying severe cases of MP is important, because the
use of steroids is advocated alongside antibiotics for such
cases (30). Macrolides have been shown to be effective in
severe cases of Mycoplasma pneumoniae infection (25). The
results of the present study suggest that HGF levels could be
assessed to determine whether children with MP require early
steroid treatment.

B-lactam antibiotics, including penicillin and cepha-
losporins, are considered to be the drugs of choice for
treating respiratory diseases, as they are active against
most respiratory bacterial pathogens (40). However, they
are ineffective against Mycoplasma pneumoniae because
they target the cell wall, while Mycoplasma pneumoniae
lacks a cell wall (41). Macrolides and tetracyclines, which
act as protein synthesis inhibitors, and fluoroquinolones,
which act against topoisomerases to inhibit DNA synthesis
and replication, are usually highly effective against
Mycoplasma pneumoniae and are the drugs of choice (25).
However, only macrolides are recommended for children,
as tetracycline and fluoroquinolone administration can
lead to a number of age-related adverse events, such as
cardiotoxicity and inhibition of bone growth (42,43). Thus,
in the present study azithromycin, a macrolide, was used
to treat pediatric patients. However, approximately one
third (23/65) of patients did not respond to this treatment.
Since the first report of macrolide resistance in 2001, it
has increased rapidly, with the highest prevalence in East
Asia (44,45). The mechanism underlying macrolide resis-
tance is related to point mutations in domain V of the 23S
ribosomal RNA gene of Mycoplasma pneumoniae and can
usually be detected with the onset of the disease (46). CRP
is the only factor demonstrated to significantly predict the
efficacy of macrolides in MP patients (47). The results of
the present study suggest that HGF may also be useful to
assess the efficacy of azithromycin administration to MP

EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 3432-3438, 2020

patients. HGF has previously been used to evaluate the
effectiveness of treatment in patients with acute brucel-
losis and acute myocardial infarction (48,49). Though this
suggests that HGF is a general indicator for inflammation or
the immune response the results of the present study indi-
cated that HRP had a higher sensitivity and specificity than
CRP in assessing efficacy of azithromycin treatment of MP.
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