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Relationship between blood lactic acid, blood procalcitonin,
C-reactive protein and neonatal sepsis and corresponding
prognostic significance in sick children
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Abstract. The study was conducted to evaluate the rela-
tionship between the blood lactic acid (BLA) level, serum
procalcitonin (PCT), C-reactive protein (CRP) and the
severity and prognosis of neonatal sepsis. A retrospective
analysis was conducted on 90 children with sepsis admitted
into the Intensive Care Unit (ICU) of the Hubei Institute for
Nationalities Af liated Hospital hospital. Patients were divided
into the non-survival group and the survival group. Severity of
the 90 patients was evaluated according to Neonatal Critical
Illness Score (NCIS). Observations were made on changes of
the levels of BLA, PCT and CRP, correlation between BLA,
PCT, CRP and NCIS as well as the association of the levels of
these proteins with the prognosis of the patients. The 90 sick
children were divided into the survival group (61 cases, 67.7%)
and the non-survival group (29 cases, 32.2%). They were further
stratified into the extremely severe group (n=20), severe group
(n=39) and non-severe group (n=31) according to NCIS scoring
standard. The BLA and NCIS scores of the non-survival group
were significantly greater than those of the survival group. The
difference was statistically significant (P<0.05). We found that
there was a significant negative correlation between the BLA
values and NCIS scores of the two groups. We also demon-
strated significant positive correlation between the BLA value,
PCT and CR (P<0.05). We observed a significant negative
correlation between PCT, CRP and NCIS scores (P<0.05). The
PCT level of the non-survival group was significantly higher
than that of the survival group (P<0.05), while the NCIS score
was significantly lower than that of the survival group (P<0.05).
The CRP and PCT protein expression results of the sepsis
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patients were higher than those of the control group. Therefore,
there is a significant correlation between BLA, CRP, PCT and
NCIS. The lower the NCIS score is, the more significant the
increase of BLA, PCT and CRP. Thus, the combined detection
of levels of BLA, PCT and CRP may predict the severity of
neonatal sepsis patients and their prognosis.

Introduction

Currently, sepsis is the main cause of mortality in the Intensive
Care Unit (ICU). Clinically, it is important to evaluate the
severity and prognosis of neonatal sepsis children at the early
stage (1). Generally, neonatal sepsis has two patterns of mani-
festation: The first is termed ‘early-onset sepsis’ and refers to
when a child is infected within 7 days after birth, and the other
is ‘late-onset sepsis’ and refers to when a child is infected over
7 days after birth. There have been a few studies conducted on
the influence of early stage blood lactic acid (BLA) detection on
neonatal sepsis (2). In the last 10 years, procalcitonin (PCT) has
been proposed as a potential marker due to the fact that it is a
type of protein related to sepsis. In addition, the rising levels of
PCT bear a close relationship with the morbidity of infectious
diseases. C-reactive protein (CRP) is an inflammatory marker
and directly participates in the inflammatory process (3-5).
Our study evaluated the clinical significance of early stage
dynamic monitoring of the BLA levels, PCT and CRP on the
judgment of the severity and prognosis of serious neonatal
sepsis by retrospective analysis of the clinical data of the
neonatal sepsis children admitted to the ICU with reference
to Pediatric Risk of Mortality (PRISM) and Neonatal Critical
Illness Score (NCIS). A comparison of liver morphology
between normal and pyemia patients was also performed.

Patients and methods

Patient selection. From January 2014 to December 2015,
90 neonatal patients with sepsis were admitted to the ICU of
Hubei Institute for Nationalities Affiliated Hospital (Hubei,
China). Inclusion criteria included patients that were diag-
nosed with sepsis according to the standard guidelines of
the neonatal septic shock diagnosis and treatment scheme as
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recommended by the First-aid Group of Chinese Pediatric
and Chinese Medical Association and patients that had a
predictive survival time of over 24 h. Exclusion criteria were:
children born with an inborn error of metabolism, patients that
abandoned treatment, and those with incomplete clinical data
were not included into this study. The patient cohort comprised
60 men and 30 women with an age range of 3-28 days.

Methods. We recorded the 24 h BLA values of the 90 patients at
the time of admission into the PICU. BLA was measured with
Vitros 250 full automation dipsticks analyzer manufactured by
Johnson & Johnson (New Brunswick, NJ, USA). The venous
blood was frozen for inspection. NCIS scale was used for the
90 patients in a retrospective manner. VIDAS BRAHMS PCT
kit by bioMérieux (Marcy 1'Etoile, France) was used for PCT.
Enzyme-linked fluorescence assay (ELFA) technology was
applied with the reference value of <0.5 ng/ml for newborns
between 3 and 28 days. Boditech Med Inc. (Chuncheon, Korea)
high-sensitivity C-Reactive Protein detection kit was used for
high-sensitivity CRP. Immunofluorescence was applied with
newborn reference value of <2 mg/l. Moreover, blood routine
examination of the patients was carried out. Special Protein
Analyzer manufactured by SEAC (Florence, Italy) was used
for CRP inspection. Immune scatter turbidimetry method was
used with a normal value of 0-0.8 mg/dl. The study started from
the time when the patient was admitted into the Emergency
ICU and ended at the time when the patient was discharged
from the hospital or succumbed to the disease. Comparison
was made on the difference of the BLA level, CRP and PRISM
scores of the two groups.

Hematoxylin and eosin (H&E) staining. For the histopatho-
logical observations at the light microscopic level, fresh
samples were immersed and fixed in formalin. Following over-
night fixation, the specimens were dehydrated in ascending
grades of alcohol, cleared in benzene, and embedded in
paraffin wax. Blocks were created and 5- to 7-um sections
were double-stained with H&E and observed under a light
microscope (BX-42; Olympus, Tokyo, Japan).

Western blot analysis. Western blotting was carried our in a
routine manner. The gel, Whatman filter sheets (cut approxi-
mately equal to the size of the gel) and foam pads were soaked
in transfer buffer for equilibration prior to elecro-transfer. The
PVDF membrane was also soaked in methanol briefly for 10
sec for activation and then kept in transfer buffer for equilibra-
tion. The sandwich of gel and membrane was prepared between
the filter sheets covered by foam pads on each side. The gel
was kept at the cathode side and membrane at the anode side
of the unit. The sandwich was properly tightened with the
use of provided screws and placed in the transfer chamber,
filled with chilled transfer buffer. Transfer was carried out at
125 mA for 2 h.

After transfer, the membrane was washed with PBS for
10 min and then placed in blocking buffer (0.1% BSA and
0.01 % Tween-20 in PBS) for 1 h by constant agitation. The
membrane was incubated with thefollowing polyclonal anti-
bodies separately: Rabbit polyclonal BLA antibody (dilution,
1:500; cat. no. ab70525); rabbit polyclonal PCT antibody (dilu-
tion, 1:500; cat. no. ab121876); rabbit polyclonal CRP antibody
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(dilution, 1:500; cat. no. ab31156) and rabbit polyclonal (3-actin
antibody (dilution, 1:1,000; cat. no. ab8227) were all purchased
from Abcam (Cambridge, MA, USA). Dilutions were made
with the blocking buffer and the incubation time was 12 h at
4°C. The membrane was sequentially washed with PBS, 0.05%
Tween-20 in PBS, and PBS each for 5 min. The membrane was
incubated with secondary goat anti-rabbit (eRP) fgd antibody
(dilution, 1:2,000; cat. no. ab6721) for 3 h at 4°C. Subsequently,
the membrane was washed again as described above. The blot
was developed in the dark, by adding diaminobenzidine (DAB:
10 mg/15 ml PBS containing 15 ul of H,0,). The reaction was
terminated by rinsing the membrane with double-distilled
water and the membrane was air dried.

Statistical analysis. Data were presented using SPSS statistics
software version 20 (Chicago, IL, USA). Data are presented
as + standard deviation. Pearson's correlation analysis was
applied. P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparison of liver morphology between normal and pyemia
patients. Surgical tissue excision specimen was obtained,
fixed, embedded in paraffin and stained with H&E. The liver
morphology of normal tissues appeared normal with the liver
blood vessels clearly visible (Fig. 1A). The liver tissue of
pyemia patients demonstrated serious liver tissue damage with
obscure tissue boundaries (Fig. 1B).

Comparison of the BLA, PCT, CRP and NCIS between
the newborn non-survival group and survival group. The
90 patients were divided into the survival group (61 patients,
67.7%) and non-survival group (29 patients, 32.2%). The BLA,
PCT and CRP levels of the non-survival group were remark-
ably higher those of the survival group (P<0.05). The NCIS
of the non-survival group was remarkably lower than that of
the survival group (P<0.05). The difference between the white
blood cell (WBC) and neutrophils (NEU) of both groups had
no statistical significance (Table I).

Comparison of newborn BLA, PCT, CRP and case fatality
rate of different severities. The patients were subdivided
into the extreme severe (n=20), severe (n=39) and non-severe
(n=31) groups. In terms of the BLA levels, the severe group
had lower values than the extremely severe group, and the
non-severe group had lower values than both the severe and
extremely severe groups (P<0.05). For PCT levels, the severe
group had lower values than the extremely severe group, and
the non-severe group had lower values than the severe and
extremely severe groups (P<0.05). For CRP levels, the severe
group had lower values than the extremely severe group, and
the non-severe group had lower values than both the severe
and extremely severe groups (P<0.05); the difference between
the severe and extreme severe groups was statistically signifi-
cant (P<0.05). For the NCIS score, the extremely severe group
had lower values than the severe and the non-severe groups
(P<0.05). The fatality rate of the extremely severe group
was 55%, which was higher than that of both the severe and
non-severe groups. The difference was statistically significant
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Figure 1. Liver tissue H&E staining pathological sections, showing liver paraffin sections of a (A) normal and (B) sepsis patient. H&E, hematoxylin and eosin.

Table I. Comparison of newborn BLA, PCT, CRP, NCIS, WBC and NEU values.

Groups No.of cases BLA (mmol/l) PCT (ng/ml)  NCIS score CRP (mg/1) WBC (x10°1)  NEU (x10°/1)
Survival 61 1.62+0.84 4.25+2 .40 90.23+11.12  68.42+13.22 14.22+6.2 9.82+4.22
Death 29 2.98+1.57 14.66+3.72 43.32+8.50 80.65+17.42 14.90+6.11 9.59+4 .48
t-test 0.95 0.94 0.95 0.65 0.72
P-value <0.05 <0.05 <0.05 <0.05 >0.05 >0.05

BLA, blood lactic acid; PCT, procalcitonin; NCIS, Neonatal Critical Illness Score; CRP, C-reactive protein; NEU, neutrophils.

Table II. Comparison of newborn BLA, PCT, CRP values, NCIS and fatality.

No. of BLA PCT CRP WBC NEU Fatality,
Groups cases (mmol/l) (ng/ml) (mg/1) (x10°/1) (x10°/1) NCIS n (%)
Extremely severe 20 3.02+0.55 1324437  75.13x50.87 1223597 8.88+2.52 462+1487 11 (55)
Severe 39 2.33+0.98 6.2+324 6821+x4023 13.65+7.21 9.66x2.67 81.2+6.33 5(12.8)
Non-severe 31 1.78+0.67 2.73x1.22 16.2+8.45 1457697 9.58+2.12  94.5+3.63 1(3.2)

BLA, blood lactic acid; PCT, procalcitonin; CRP, C-reactive protein; NCIS, Neonatal Critical Illness Score; NEU, neutrophils.

(P<0.05). The comparison of the WBC and NEU among the
three groups had no statistical significance (P>0.05) (Table II).

Correlation of BLA, PCT, CRP and NCIS scores. There
was an obvious positive correlation between BLA, PCT and
CRP levels (Fig. 2A) (R?=0.67, P<0.05), while there was an
obvious negative correlation between BLA, PCT, CRP and
NCIS levels (P<0.05). There was no correlation between PCT,
WBC, and NEU levels (P>0.05). Therefore, the monitoring of
BLA, PCT and CRP levels at early stage are the main factors
that can be used to judge the severity of the neonatal sepsis
and a favorable method to determine prognosis. The expres-
sion results of CRP and PCT protein of the sepsis patients
were higher than the normal group (Fig. 2B). Therefore, the
BLA, PCT and CRP levels can be used to judge the severity
of the serious pediatric sepsis.

Discussion

Sepsis refers to the systemic inflammatory response syndrome
that is caused by infection and is accompanied by circulatory
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Figure 2. (A) Correlation between PCT and CRP. (B) Expression results of PCT
and CRP protein of sepsis patient. PCT, procalcitonin; CRP, C-reactive protein.
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dysfunction and organ damage in severe cases (6). The present
study investigated the liver protein expression levels of normal
people and uremia patients as well as the high expression of
the PCT and CRP protein of uremic children. Lactic acid is
the metabolite of the anaerobic oxidation of sugar (glycolysis)
(7-10) and is generated by the skeletal, muscle, brain and red
blood cells. It is excreted by the kidney after liver metabolism.
Lactic acid is the normal product of in vivo anaerobic glycolysis.
The normal BLA value in humans is 1.0-2.0 mmol/I (11-13).
BLA detection may be used to determine a patient's tissue
oxygen delivery, metabolic status as well as insufficient perfu-
sion volume. According to a study that analyzed 52 different
shock cases, if the BLA level is lower than 1.4 mmol/l, the
fatality is O; if the BLA is lower than 4.4 mmol/l, the fatality is
22%; if the BLA is lower than 8.7 mmol/l, the fatality is 78%;
and if the BLA is higher than 13 mmol/l, the fatality is 100%.
Therefore, it can be concluded that the amount of lactic acid
generation is correlated to oxygen debt, hypoperfusion level
and the severity of the shock (14-16).

Currently, WBC count is one of the conventional indexes
for clinical neonatal sepsis. However, an increase in WBC
counts is not specific. For example, a standard WBC eleva-
tion in newborns, acute hemorrhage, virus infection and vomit
may all cause an increase in WBC counts (17). In addition,
some medication such as analgesic-antipyretic medicine may
reduce the WBC count. The present findings showed that the
WBC count has no significant correlation with neonatal sepsis.
Therefore, WBC is not suitable to be an indicator for auxiliary
diagnosis of neonatal sepsis. It can, however, be used as an
indicator for auxiliary diagnosis of bacterial infection. CRP
is an acute reaction phase protein. CRP levels increase in
case of infection (18) as well as in a small number of neonatal
noninfectious diseases such as serious gestation infection
risk (19-22), use of cortisol parahormone (23), meconium inha-
lation syndrome and excessive high body mass of premature
infant. PCT is also an acute phase reactant with respective
features of phase response protein, hormones and cytokines.
Neonatal infection, intracranial hemorrhage, fetus antenatal
asphyxia, RDS, hypoxemia, hemodynamic disorder, pneu-
mothorax, resuscitation of newborn and gestational diabetes
mellitus may all result in the increase of PCT levels (24-27).
Thus, the laboratory detection indicators of BLA, PCT and
CRP in the auxiliary diagnosis of neonatal sepsis is superior
to WBC count.

The results of the present study indicate that the levels
of BLA, PCT and CRP can be used to judge the severity of
neonatal sepsis and can predict the prognosis of the neonatal
sepsis patients to some extent. The higher the PCT level is,
the more serious the infection level is, leading to a poorer
prognosis. CRP is an acute phase protein and a non-specific
anti-inflammatory cytokine, the level of which is low in
normal newborn infants. In case of bacterial infection and
stress reaction to the body, the CRP levels will rise accord-
ingly. For neonatal sepsis, the change of CRP will be far
earlier than the change of temperature or peripheral white
blood cell count. Once the infection status is controlled, the
CRP levels will decrease quickly (28). According to current
research, the CRP level of severe neonatal sepsis patients is
increased more significantly than the non-severe patients;
however, there is no difference between the non-survival
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group and the survival group. Therefore, the CRP levels may
reflect the severity of the neonatal sepsis patients to some
extent and offer prediction on the prognosis of the neonatal
sepsis patients. However CRP lacks specificity and sensitivity
when compared to PCT (29). Another study has confirmed
that the accuracy of WBC in diagnosis of bacterial infection
is relatively low and cannot reflect the prognosis (18). The
reason is that the range of normal WBC values is relatively
wide with relatively great difference among individuals and
may easily be influenced by multiple factors such as other
diseases, mental status and sports. The WBC level may also
be lowered in case of serious infection.

Currently, NCIS is the most widely-used, objective,
easy and effective neonatal critical illness scoring method
that is domestically accepted (30,31). However, for neonatal
sepsis patients, there is still some limitation to evaluating the
severity and predicting the prognosis of patients only with
NICS. This study combines the detection of PCT and CRP
with NCIS, which can more accurately judge the severity of
the neonatal sepsis patients and predict the fatality risks. The
neonatal sepsis patients were divided into survival group
and non-survival group according to the clinical results. The
result indicated that the PCT of the non-survival group was
significantly greater than the survival group and the NCIS
was significantly lower than the survival group. It was found
that PCT had an obvious correlation with NCIS and CRP,
while WBC had no correlation with NEU. Therefore, the
combination serum PCT, CRP and NCIS may be used to
judge the severity of neonatal sepsis and serve as an impor-
tant indicator of the prognosis.
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