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Abstract. – OBJECTIVE: The present study
aimed to observe the alterations of lipopolysac-
charide (LPS) and some other laboratory index-
es in children suffering from pulmonary infec-
tions, and to investigate the condition of Gram-
negative bacterial infection.

PATIENTS AND METHODS: All the patients re-
ceived routine blood test, C reactive protein
(CRP), erythrocyte sedimentation rate (ESR), My-
coplasma pneumoniae antibody IgM (MP-IgM),
LPS, blood culture and chest X-ray examination.
The clinical data was collected followed by in-
duction arrangement and statistical analysis.

RESULTS: In terms of the rate of abnormity in
peripheral white blood cell count and positive
rate of blood CRP, no significant difference was
found between children with pulmonary infec-
tions and the healthy individual in the control
group (p > 0.05). The positive rates of blood MP-
IgM were 33.33% and 32.26% in children with dif-
ferent progressive stages of pulmonary infec-
tions, which were significantly lower than those in
the control group (62.96%) (p < 0.05). The positive
rates of blood LPS in the observation group were
higher than those in the control group, especially
for those children at progressive stages within
one week; and the difference between them was
significant (p < 0.05).With regard to blood bacteri-
al culture, the positive rates were 9.52% and
29.03% for children in progressive stages within
one week and over one week in the observation
group, respectively; the latter was significantly
higher than that in the control group (p < 0.05).
The result of the correlation analysis suggested a
weak correlation between the positive rate of in-
creased blood LPS in the observation group and
that in blood bacterial culture (χχ2 = 6.61, p < 0.05;
Pearson’s contingency coefficient C = 0.34). How-
ever, there was no significant correlation between
the positive rate of increased blood LPS and pe-
ripheral blood white cell count, CRP, or MP-IgM (p
> 0.05).

CONCLUSIONS: Endotoxemia is often accom-
panied by pulmonary infections, and gram-nega-
tive bacterium is a common pathogenic bacteri-
um in children with different progressive stages
of pneumonia.
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Introduction

Pediatric pneumonia is a serious disease with
high morbidity rate that threatens children’s
health in China. A significant increase in Gram-
negative bacterial infection among children with
pneumonia is noted. However, it is impossible
to accurately make the etiological diagnosis in
20% to 60% of cases due to the difficulty in ob-
taining pathogen1. Lipopolysaccharide (LPS),
the main component of endotoxin, is one of the
major pathogenic factors of bacteria, which is
essential in diagnosis of Gram-negative bacteri-
al infection2.

Patients and Methods

General Information
A retrospective analysis was conducted in 52

cases of children with pulmonary infections
who were hospitalized in the Department of Pe-
diatrics from January, 2012 to December, 2012,
including 33 males and 19 females aging be-
tween three months and ten years old within the
progressive stage of two days to 30 days (21
cases within two days to seven days and 31 cas-
es over 8 days). During the course of disease,
34 cases were accompanied by fever and 18 cas-
es did not have this symptom. Based on clinical
manifestations and chest X-ray examination re-
sults on admission, 49 patients were involved
with bronchopneumonia and 3 patients were in-
volved with solid changes of pulmonary lobe
and segment, accompanied by 15 cases of
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wheezing onset, 3 cases of congenital heart dis-
ease, one case of pneumothorax, 2 cases of
pleural effusion, one case of pulmonary atelec-
tasis, one case of heart failure, one case of cy-
tomegalovirus infection, 3 cases of anemia, and
one case of disseminated intravascular coagula-
tion (DIC). All the patients were inquired with
medical history and allergic history in detail af-
ter admission and subjected for routine physical
examination, laboratory and chest X-ray exami-
nations for excluding the possibilities of foreign
body in bronchus, tuberculosis and allergic dis-
ease. Another 27 cases of children without bac-
terial infectious diseases and clinical manifesta-
tion who were hospitalized during the same pe-
riod, were enrolled into the control group, in-
cluding 18 males and 9 females aging between
three months and thirteen years old within the
progressive stage of one day to 15 days (23 cas-
es within one day to seven days and 4 cases
over 8 days). They were diagnosed with upper
respiratory infection in 5 cases, viral encephali-
tis in 7 cases, muggy syndrome in one case,
convulsion in 2 cases, anaphylactoid purpura in
3 cases, acute urticaria in 5 cases, trauma in 2
cases, tetany caused by vitamin D deficiency on
admission in one case, and cerebral infarction in
2 cases.

Methods
All the patients were subjected for routine

blood test, C reactive protein (CRP), erythrocyte
sedimentation rate (ESR), Mycoplasma pneumo-
niae antibody IgM (MP-IgM), β-lipopolysaccha-
ride (LPS), blood culture and chest X-ray exami-
nation. The clinical data was collected followed
by induction arrangement and statistical analysis.

Statistical Analysis
SAS8.1 statistical software was used for statis-

tical analysis. χ2 test (row × column) was used
for analyzing the difference between the observa-
tion group and control group and the difference
in the positive rate of various laboratory indexes
in different courses of disease in the observation
group. χ2 test with data in bidirectional disorder-
ly R × C table and Pearson’s contingency coeffi-
cient C were used for the analysis of the rele-
vance and closeness between LPS and positive
rate of other clinical indexes in the observation
group. p < 0.05 was regarded as statistically sig-
nificant.

Results

Alteration in Laboratory Indexes
Among 52 cases in the observation group, 27

cases were found with abnormal white blood cell
count (51.92%), including 21 cases (40.38%)
with increased white blood cell count, and 6 cas-
es with reduced white blood cell count; There
were 5 cases (9.62%) in progressive stages with-
in 7 days and one case (1.92%) in the progressive
stage over 7 days. Among the patients in the con-
trol group, 11 cases were found with increased
peripheral white blood cell count and one case
with reduced peripheral white blood cell count.
There was no significant difference in peripheral
white blood cell count or positive rate of in-
creased blood CRP between patients at different
progressive stages in the observation group and
control group (p > 0.05) (the percentage of in-
creased neutrophils was not included in the sta-
tistics due to the lack of uniform standards as the
percentage of neutrophils for children at different
ages was different). However, the degree of
change was much higher than that in the control
group. The positive rates of blood MP-IgM were
33.33% and 32.26% in patients with different
progressive stages of pulmonary infections,
which were significantly lower than those in the
control group (62.96%) (χ2 = 4.14 vs 5.47; p <
0.05). Among the patients in the observation
group, 14 cases (26.92%) were found with in-
creased LPS, including 7 cases (33.33% in this
progressive stage) in progressive stages within 7
days and 7 cases (22.58% in this group) over 7
days. The difference between two groups was not
statistically significant. The percentage of in-
creased LPS in progressive stages within 7 days
was significantly higher than that in the control
group (χ2 = 5.21, p < 0.05). The percentage of in-
creased LPS in progressive stages over 7 days
was higher than that in the control group, but the
difference was not significant (χ2 = 2.53, p >
0.05). With regard to blood bacterial culture,
among 11 cases (21.15%) in the observation
group, 2 cases were confirmed with Gram-posi-
tive bacteria and 9 cases (81.82%) with Gram-
negative bacteria. There were 2 cases (9.52%)
and 9 cases (29.03%) at different progressive
stages. The positive rate of patients in progres-
sive stages over 7 days was significantly higher
than that in the control group (χ2 = 6.49, p <
0.05) (Table I). The positive rates were 9.52%
and 29.03% for children in progressive stages
within one week and over one week in the obser-
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Observation group

Laboratory index n ≤ 7d > 7d Control group 

n 52 21 31 27
WBC (↑/↓) 27 (51.92%) 13 (61.90%) 14 (45.16%) 12 (44.44%)
CRP (↑) 22 (42.31%) 11 (52.38%) 11 (35.48%) 14 (51.85%)
MP-IgM (+) 17 (32.69%) 7 (33.33%) 10 (32.26%) 17 (62.96%)
LPS (↑) 14 (26.92%) 7 (33.33%) 7 (22.58%) 2 (7.41%)
Blood culture (+) 11 (21.15%) 2 (9.52%) 9 (29.03%) 1 (3.70%)

Table I. Comparison of positive cases and positive rate of patients in two groups.

WBC CRP MP-IgM Blood culture 

ZDT + – + – + - + –

+ 6 7 5 9 4 9 7 8
– 20 19 17 21 14 25 5 32
χ2 0.103 0.34 0.11 6.61
Contingency coefficient C – – – 0.34

Table II.Analysis of the correlation and closeness between LPS and other laboratory indexes (cases).

velopment of pneumonia. Endotoxin can induce
the synthesis and release of various cytokines in
the host and stimulate a series of body’s patho-
physiological changes in combination with its re-
ceptors or regulatory proteins. LPS can activate
C/EBP� in mouse lung after lung deposition,
which plays a vital role in the production of tu-
mor necrosis factor-α, IL-6, and macrophage in-
flammatory protein-23. A study conducted on 48
cases of patients with Gram-negative bacterial
pulmonary infections by Ming et al4 demonstrat-
ed that the blood endotoxin and CRP levels were
significantly higher in the patients than those in
the normal control group. The blood endotoxin
level in the moderate to severe infection group
was higher than that in the mild infection group.
The difference in CRP level between two groups
was not significant. A bronchial pneumonia mod-
el was established by injection of LPS into rats
by Hou et al5, who demonstrated significant signs
of inflammation in rat bronchi and lung tissues.
Zeng et al 6 revealed that LPS could cause a
dose-dependent increase of lipocalin-2 (LCN2)
expression level in mouse lung tissue, promote
the production of interleukin-8 (IL-8) in respira-
tory tract epithelium, and mediate neutrophil
chemotaxis and excessive release of inflammato-
ry mediators, which was associated with the de-
gree of inflammatory pathological injury of lung
tissue to a certain extent.

vation group; and the latter was significantly
higher than that in the control group (p < 0.05).

Correlation Analysis
χ2 test with data in bidirectional disorderly R ×

C table revealed a weak correlation between in-
creased blood LPS and the positive results of
blood culture in the observation group (χ2 = 6.61,
p < 0.05; Pearson’s contingency coefficient C =
0.34). However, there was no significant correla-
tion between the positive rate of increased blood
LPS and peripheral blood white cell count, blood
CRP, or MP-IgM (p > 0.05) (Table II).

Discussion

LPS derived from the outer membrane of cell
wall of Gram-negative bacteria is the main com-
ponent of endotoxin, and widely distributed in
polluted air, organic powders, etc. A series of
clinical symptoms, such as asthma and bron-
chopneumonia, can be caused or aggravated after
inhalation of certain concentration of the above
substances.
Gram-negative bacteria infection is often ac-

companied by the presence of endotoxemia. En-
dotoxin is an important promoter to mediate
Gram-negative bacterial sepsis. Endotoxemia
plays an important role in the occurrence and de-



The blood LPS level in children with pneumo-
nia in our case load is significantly higher than
that in the control group, especially for those in
progressive stages over 7 days. Among 11 cases
of children with positive results of blood bacteri-
al culture, 9 cases (81.82%) were confirmed with
Gram-negative bacteria. The correlation analysis
suggested a weak correlation between blood LPS
level and the positive rate of blood bacterial cul-
ture in the patients. The reasons may include the
following: (1) The patients with pneumonia ad-
mitted in our hospital were mostly transferred
from other hospitals after ineffective treatment,
so their courses of disease were relatively longer.
The laboratory indexes showed atypical changes
after the treatment in the local hospitals. The ini-
tial condition thus could not be accurately esti-
mated by blood CRP, ESR and WBC count. In
this study, the differences in peripheral blood
WBC count and blood CRP between the observa-
tion group and control group were not signifi-
cant, which could be the result from then ineffec-
tive treatment; (2) The lower positive rate of
blood culture was caused by the interference of
colony in the early treatment. And the actual flo-
ra species and positive rate of blood culture, thus,
were difficult to be accurately determined; (3)
The diagnosis of pneumonia was mainly based
on clinical manifestations and imaging studies.
The possibility of pathogen infection other than
bacterium was not excluded.
Endotoxin is a kind of potent pyrogen7. Endo-

toxemia may be one of the contributing factors
for immunocompromised patients with fever of
unknown reason. It has been reported in China
that 67.74% of adult patients with fever were ac-
companied by endotoxemia. About 50% of
Gram-negative bacilli were detected in patients
with bacterial pneumonia caused by nosocomial
infection, with the fatality rate up to 30%-40%.
Ren et al1 conducted a study on the culture of
bronchoalveolar lavage fluid taken from 368 cas-
es of children with refractory pneumonia. Among
patients with positive bacterial culture, 5.1% was
confirmed with Gram-positive bacteria, 24.6%
with Gram-negative bacteria, 69.7% with bacteri-
al parasites, 73.2% with mixed infections. The
cases of patients with simultaneous mycoplasma
pneumoniae infections were the most.
There were 34 cases of children suffered from

pneumonia with fever in our case series, account-
ing for 65.39% of cases in this group, including
11 LPS-positive cases (32.35%), which were
higher than that in the control group. The positive

rate of blood culture in pneumonia group was
21.15%, of which the proportion of Gram-nega-
tive bacteria was up to 81.12%. This is likely to
be caused by a better curative effect of primary
anti-infective drug on Gram-positive bacteria but
a poor effect on Gram-negative bacteria accord-
ing to the requirements of antibiotic hierarchical
management by the Ministry of Health. The es-
pecially high positive rate of blood culture for
children in progressive stages over 7 days indi-
cated a greater chance of drug resistance or sec-
ondary Gram-negative bacterial infection with
the increased course of disease, which may be al-
so one of the important reasons of prolonged
course for the disease. In addition, the number of
cases of patients with increased LPS in progres-
sive stages within 7 days was higher, but the pos-
itive rate of blood culture was lower. This is like-
ly to be associated with excessive anti-infection
treatment prior to admission, relatively sensitive
pathogenic bacteria in early stage during the
short course of disease, and relatively less drug
resistance or suprainfection.
The immune response plays an important role

in the development of pneumonia caused by
Gram-negative bacteria. LPS was used to process
mouse splenic antigen-presenting cells (APCs)
and tubular epithelial cells (RCs) in a a study
done by Eleftheriadis et al8, in which they
demonstrated the overexpression of subunits of
immunoproteasome LMP7 on APCs and RCs.
The proteasome can be converted into immune
proteasome during the inflammation, and an au-
toimmune response of CD8+ T cells can be in-
duced by the generated peptide pool. Bacterial
permeability-increasing protein (BPI) and
lipopolysaccharide binding protein (LBP) are
members of lipid transfer protein/LPS-binding
protein family, which play vital roles in the in-
nate immune response of Gram-negative
bacteria9. The amino acid sequence of Sb-
BPI/LBP1 may contain a N-terminal
BPI/LBP/CETP domain BPI1 with three func-
tional zones displaying LPS binding activity,
which exists in all normal tissues including the
liver, adductor muscle, heart and blood cells. The
general up-regulation at 24 hours after excitation
by LPS indicates that Sb-BPI/LBP1 is a constitu-
tive and inducible acute phase protein that can
promote the host to produce immune defense
against Gram-negative bacterial infections. Previ-
ous studies10 revealed that lipopolysaccharide
(LPS) induced endothelial dysfunction by acti-
vating the immune system. When lack of im-
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mune cells, LPS is able and sufficient to promote
the fibrosis of endothelial cells by the activity-
dependent mechanism of activin receptor-like ki-
nase 5 (ALK5). LPS can induce the expression of
fibroblast-specific protein in endothelial cells and
up-regulation of secretion of extracellular matrix
protein, accompanied by down-regulation of en-
dothelial markers. The pneumonia caused by
Gram-negative bacteria is usually clinically char-
acterized by its severe condition and prolonged
course. In addition to the influence of cytokines
induced by endotoxin, immune response may be
also an important factor affecting the develop-
ment of the disease.
Soop et al11 have reported that LPS could in-

crease the levels of platelet microparticle (PMP),
mononuclear microparticle (MMP) and endothe-
lial microparticle (EMP) (MPs aresome mem-
brane-bound vesicles smaller than 1 �m that are
produced by activated and dead cells), affect
their phenotypes including nuclear contents, and
promote inflammation and thrombosis. Particles
may be the source of high mobility group protein
B1 (HMGB1) and other nuclear molecules in the
blood during the inflammatory reaction.
It was reported that in addition to Gram-nega-

tive bacteria, Mycoplasma and Chlamydia that
can directly produce toxins, toxins in the blood
of the patients with pneumonia caused by other
pathogenic bacteria, were derived from the in-
testinal tract7. An analysis of blood WBC count,
C-reactive protein (CRP), LPS and Mycoplasma
pneumoniae antibody in 34 cases of adult pa-
tients with Mycoplasma pneumoniae pneumonia
(MPP) was conducted by Han12 and observed a
rise of endotoxin level in most of MPP patients.
However, the elevated blood endotoxin level was
not significantly correlated to the titer of My-
coplasma pneumoniae antibody. A synthetic
lipopeptide MALP-2 was reported by Galanos et
al13, which was derived from mycoplasma fer-
mentation and had a strong expression of endo-
toxin-like activity. Its toxicity is induced through
Toll-like receptor 2 (Tlr2) and equal to lethal tox-
icity of LPS.
The present study demonstrated that, up to

32.69% of the patients were identified with posi-
tive results of Mycoplasma pneumoniae in the
observation group. However, there was no corre-
lation between LPS and MP-IgM (p>0.05). It
still requires further verification whether the pre-
viously reported LPS increase in MPP children is
derived from this lipopeptide. In addition, in this
study, the positive rates of blood MP-IgM in chil-

dren with pneumonia in different courses were
lower than those in the control group, which is
likely to be associated with the high carrying rate
of Mycoplasma pneumoniae (MP) in the crowd.
About 20% to 40% of children infected with MP
have been reported. This antibody could not be
detected in some patients due to the long hospi-
talization time. However, those who were with
relatively short course of disease (around one
week) in the control group were found to have
high level of IgM. Therefore, the possible effect
of antibiotics and glucocorticoid used prior to ad-
mission cannot be excluded.
Based on the role of LPS in the occurrence

and development of pneumonia, how to suppress
LPS effect using effective methods and to reduce
its damage to the body during anti-infective ther-
apy, has become a research hotspot worldwide.
After pulmonary infection, LPS induces mRNA
and protein expressions of inducible nitric oxide
synthase (iNOS) by the transcription-dependent
process in alveolar epithelial cells, regulates NO
production, and plays an important role in host
defense and inflammation, which is not depen-
dent on ATP signal. LPS-induced iNOS expres-
sion is mediated by calcium-dependent PKCα-
β114. It was reported by Zhang et al15 that
TMEM16A expressed in rat alveolar type � ep-
ithelial cells (AT-�) and human lung epithelial cell
line A549 inhibited the activation of LPS-in-
duced nuclear factor �B (NF-�B), reduced the re-
lease of pro-inflammatory cytokines such as
TNF-α and IL-8, and prevented acute lung in-
jury. The activation of peroxisome proliferator-
activated receptor α (PPARα) using ligands in-
cluding WY-14643 can inhibit the increase of
LPS-induced pro-inflammatory cytokines and
stress level of nitrogen oxides, and reduce LPS-
induced acute lung injury16. NADPH oxidase can
limit the transcriptional activity of LPS-induced
NF-�B and expression of pro-inflammatory cy-
tokines, and limit LPS-induced lung inflamma-
tion and injury17. It has been reported that alkan-
nin3, limonene18, coxtex moutan19 and esculento-
side20 have significant effects on relieving LPS-
induced acute lung injury.
In recent years, more and more studies have

reported the Gram-negative bacterial infections.
Therefore, rapid diagnosis of Gram-negative bac-
terial infection and the subsequent endotoxemia
has become a hotspot in clinical research, as the
current bacteriological examination requires a
longer time. Moreover, the excessive use of an-
timicrobial drugs causes a decline in the positive
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rate of blood culture. Since the results can be ob-
tained by LPS assay within 2 hours, it is con-
ducive to early determination of the type of bac-
terial infection in the presence or absence of en-
dotoxemia. It can also be used as a reference in-
dex to measure the severity and to determine the
prognosis, or used as one of the indexes of clini-
cal treatment and,to determine the clinical effica-
cy, or used for drug screening. In addition, based
on the study using an animal model of LPS-in-
duced acute lung injury, exhaled breath conden-
sate (EBC) collection may be a valuable tool in
monitoring the markers such as nitrogen oxides
and H2O2, which can shed the light on the role of
environmental pollution in respiratory diseases21.

Conclusions

LPS detection method is simple, rapid and ac-
curate, and also of important significance in clin-
ical selection of antibiotics for timely treatment,
which further accelerates patient’s recovery.
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