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Abstract

Background: To evaluate changes of associated markers in neonatal pathological jaundice due to bacterial
infection in newborns, to provide an experimental basis for early diagnosis and treatment of neonatal patholog-
ical jaundice.

Methods: A total of 126 newborns with neonatal pathological jaundice in the Pediatrics Department of Qilu
Hospital (Qingdao), Cheeloo College of Medicine, Shandong University from Jan 2016 to Jun 2018 were en-
rolled. The patients were divided into bacterial infection group (76 cases with combined bacterial infection) and
non-infection group (50 cases without bacterial infection). Peripheral blood was drawn from patients, and lev-
els of inflammatory factors, levels of indexes of liver function and levels of cardiac markers were detected. Cot-
relation between inflammatory factors and neonatal pathological jaundice was assessed.

Results: The levels of WBC, hs-CRP and PCT in the bacterial infection group were significantly higher than
those in the non-infected group (P<0.05). The level of TRF in the bacterial infection group was significantly
lower than that in the non-infection group (P<0.01). In the bacterial infection group, the levels of WBC, hs-
CRP, PCT, and TRF were positively correlated with the levels of CK, CKMB, LDH, and «-HBDB, respective-
ly (all P<0.05). The TRF level after treatment was significantly higher than that before treatment (P<0.01).
Conclusion: Markers such as WBC, hs-CRP, PCT, and TRF can be used as effective indicators in diagnosis of
pathological jaundice due to bacterial infection in newborns. The combined testing of WBC, hs-CRP, PCT,
and TRF was helpful for early diagnosis and early clinical intervention of neonatal pathological jaundice, which
can lower the risk of clinical complications.
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Introduction

Neonatal jaundice is a medical condition, in Neonatal jaundice is common in babies. It is a
which high serum level of bilirubin was observed physiological phenomenon and the main mani-
in a newborn baby within 28 days after birth. The festation of many diseases as well (2).

major clinical symptom was a yellowish discol- Neonatal jaundice can be generally divided into
oration of the white part of the eyes and skin (1). two types: physiological and pathological. Physio-
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logical jaundice is caused by abnormal metabo-
lism of bilirubin, which appears after 2-3 days of
birth. Without taking medications, it can disap-
pear by itself in about 1-2 weeks after birth.
Therefore, physiological jaundice causes a small
impact on the baby’s overall health (3). Patholog-
ical jaundice, however, appears within 24 h of
birth, and the baby’s serum level of bilirubin con-
tinues to rise over time. The jaundice can last
more than 2 weeks for full-term babies and last
more than 4 weeks for premature babies, during
which time the jaundice may be recurring or
worsening. Causes of pathological jaundice in-
clude infections, congenital biliary malformations
and neonatal hemolysis. If not diagnosed and
treated in a timely manner, it can lead to ribofla-
vin disease, and in rare cases it can lead to irre-
versible and life-threatening bilirubin encephalo-
pathy due to very high levels of bilirubin. Survi-
vors may have varying degrees of neurological
sequelae associated with neurotoxicity of high-
level bilirubin.

Clinical statistics showed that the incidence of
neonatal pathological jaundice is on the rise, and
bacterial infection is the major factor causing ne-
onatal pathological jaundice (4). Therefore, in the
diagnosis of neonatal pathological jaundice, in
addition to clinical signs, screening of ideal sero-
logical markers is of great significance for com-
prehensive assessment of neonatal pathological
jaundice. In this study, alterations in levels of in-
flammatory factors, including WBC, CRP, PCT,
and TRF, and levels of cardiac markers were
evaluated in newborn patients with neonatal
jaundice, aimed to provide a theoretical basis for
diagnosis and treatment of the disease.

Materials and Methods

Subjects

A total of 126 newborns who were diagnosed
with neonatal pathological jaundice and received
treatment in the pediatrics department of Qilu
Hospital (Qingdao), Cheeloo College of Medi-
cine, Shandong University China, from Jan 2016
to Jun 2018 were enrolled as subjects in this
study. The patients were divided into two groups,
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i.e. bacterial infection group (76 cases with com-
bined bacterial infection) and non-infection
group (50 cases without bacterial infection).
Causes of the pathological jaundice included ne-
onatal hemolysis, biliary atresia, tumor or congen-
ital anomalies. Inclusion criteria were the diag-
nostic criteria for neonatal pathological jaundice
(5), including: 1) Jaundice appeared within 24 h
of birth; 2) Total bilirubin (TBIL) level >221.00
uM for full-term babies, >257.00 uM for prema-
ture babies, or daily increase in the TBIL level
>85.00 uM for newborn babies; 3) Jaundice last-
ed more than 4 weeks for premature babies or
more than 2 weeks for full-term babies; 4) Pa-
tients with recurrent jaundice; and 5) Serum di-
rect bilirubin (DBIL) >34.00 uM.

Patients matching at least one of above criteria
had pathological jaundice, otherwise had physio-
logical jaundice. Infections were confirmed by a
comprehensive assessment of the patient's condi-
tion combined with a pathological test. There
were 39 males and 37 females in the bacterial in-
fection group. Their gestational age was 35-41
weeks with an average of (38.23+1.35) weeks.
Their birth age was 1-28 days with an average of
(15.65£4.16) days. Their birth weight was 2167-
4359 g with an average of (3564.28+6306.97) g. In
terms of delivery method, there were 56 cases of
natural delivery and 20 cases of cesarean section.
There were 26 males and 24 females in the non-
infection group. Their gestational age was 35-41
weeks with an average of (38.451+1.54) weeks.
Their birth age was 1-28 days with an average of
(14.97£4.86) days. Their birth weight was 2184-
4332 g with an average of (3578.51+640.21) g. In
terms of delivery method, there were 37 cases of
natural delivery and 13 cases of cesarean section.
Patients’ basic data in the two groups were com-
parable, and the differences were not statistically
significant (P>0.05).

This study was approved by the hospital Ethics
Committee. A consent form was signed by the
patient family indicating voluntary participation
in the study.

Methods
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A fasting venous blood sample was collected
from each infant patient in the early morning on
the day following admission. K2-EDTA antico-
agulated blood was used for routine blood test.
Serum samples were obtained through centrifu-
gation of self-coagulated venous blood at 3000
rpm, and were used for tests including high-
sensitivity C-reactive protein (hs-CRP), procalci-
tonin (PCT), transferrin (TRF), total bilirubin
(TBIL), direct bilirubin (DBIL), indirect bilirubin
(IBIL), alanine transaminase (ALT), aspartate
transaminase (AST), gamma-glutamyl transpepti-
dase (GGT), alkaline phosphatase (ALP), creatine
kinase (CK), creatine kinase myocardial band
(CKMB), lactate dehydrogenase (LDH), and «-
hydroxybutyrate dehydrogenase (x-HBDB). A
fully automated hematology analyzer (SYSMEX
XS§-1000i) was used for the routine blood test.
Tests of PCT and TRF were performed on a
Roche E601 fully automated analyzer based on
the electrochemiluminescence  immunoassay
method. Tests of hs-CRP, TRF, TBIL, DBIL,
IBIL, ALT, AST, GGT, ALP, CK, CKMB,
LDH, and «-HBDB were carried out using a fully
automated biochemistry analyzer (Siemens AD-
VIA 2400). Original reagents coming with the
instruments were used in the tests. The operating
manuals were strictly followed. Quality controls
met requirements. The tested markers had fol-
lowing reference range: (15.00 to 20.00)x10” for
WBC, (0.00 to 5.00) mg/L for hs-CRP, (0.00 to
0.25) ng/mL for PCT, (28.60 to 51.90) uM for
TRF, (1.70 to 21.00) uM for TBIL, (0.00 to 5.60)
uM for DBIL, (0.00 to 19.00) uM for IBIL, (0.00

to 40.00) U/L for ALT, (0.00 to 40.00) U/L for
AST, (0.00 to 50.00) U/L for GGT, (36.00 to
150.00) U/L for ALP, (0.00 to 171.00) U/L for
CK, (0.00 to 24.00) U/L for CKMB, (135.00 to
225.00) U/L for LDH, and (0.00 to 182.00) U/L
for «.-HBDB.

Statistical method

The SPSS 22.0(Chicago, 1L, USA) statistics soft-
ware was used in data processing and analysis.
The #test and y” test were used in data analysis.
Measurement data were expressed as X*s. The
independent sample 7 test was used in compari-
son of means between groups. The y’ test was
used in comparison of rates of count data. Pear-
son’s correlation was used in the correlation anal-
ysis. A difference was statistically significant
when P<0.05.

Results

Comparison of levels of inflammatory mark-
ers

Levels of WBC, hs-CRP and PCT in peripheral
blood of patients with neonatal pathological
jaundice in the bacterial infection group were sig-
nificantly higher than those in the non-infection
group, and the differences were statistically sig-
nificant (P<0.05). The level of TRF in the bacte-
rial infection group was significantly lower than
that in the non-infection group (P<0.01) (Table

1).

Table 1: Comparison of levels of inflammatory markers (x ~ +s)

Group WBC (x10°/L) hs-CRP (mg/L) PCT (ng/mL) TRF (uM)
Infection 25.35%3.420 16.53+2.81 5.69+1.360 12.341+2.742
Non-infection 13.2141.98 3.26+0.78 0.15+0.04 40.56+5.65
! 3.365 4.460 -4.923
P 0.015 0.004 0.003

Note: 2P<0.05, compared with the non-infection group
Comparison of levels of indexes of liver function

As shown in Table 2, there were no significant
differences in serum levels of TBIL, DBIL, IBIL,
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ALT, AST, GGT, and ALP between the bacterial
infection group and the non-infection group
(P>0.05). The serum levels of CK, CKMB, LDH,
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and «-HBDB in the bacterial infection group
were significantly higher than those in the non-

infection group, and the differences were statisti-
cally significant (P<0.05).

Table 2: Comparison of levels of indexes of liver function (x s)

Marker Infection group Non-infection group t P

TBIL (uM) 352.51+26.74b 325.22+23.43 0.841 0.433
DBIL (uM) 28.05+4.81> 17.27£5.52 1.613 0.158
IBIL (uM) 324.46£27.61b 307.95+21.38 0.518 0.623
ALT (U/L) 31.25%2.56P 30.79+3.31 0.120 0.908
AST (U/L) 27.62%4.56> 21.83%5.26 0.911 0.379
GGT (U/L) 38.76+4.12b 32.56%3.78 1.215 0.270
ALP (U/L) 125.34%6.51> 133.16%7.01 0.895 0.405
CK (U/L) 375.69132.64¢ 250.23%17.61 3.712 0.010
CKMB (U/L) 46.25+5.52¢ 18.36%2.75 4.954 0.003
LDH (U/L) 405.73146.82¢ 289.67123.54 2.427 0.049
o-HBDB (U/L) 312.54%28.69¢ 139.67£15.66 5.782 0.001

Note: PP>(.05; <P<0.05, compared with the non-infection group

Correlation analysis of WBC, hs-CRP, PCT,
and TRF with cardiac markers (CK, CKMB,
LDH, and «-HBDB)

In the bacterial infection group, the levels of
WBC, hs-CRP, PCT, and TRF were positively
correlated with the levels of CK, CKMB, LDH,
and o-HBDB, respectively ((r=0.979, 0.821,

0.964, and 0.976, respectively; P<0.05), (r=0.980,
0.902, 0.966, and 0.977, respectively; P<0.01),
(x=0.981, 0.954, 0.967, and 0.979, respectively;
P<0.01), and (x=0.981, 0.926, 0.966, and 0.798,
respectively; P<0.01), respectively), and the dif-
ferences were statistically significant (all P<0.05)
(Table 3).

Table 3: Correlation analysis of WBC, hs-CRP, PCT, and TRF with cardiac markers (CK, CKMB, LDH, and a-

HBDB)
Item CK CKMB LDH «-HBDB
r P r P r P r P
WBC 0.979 0.000 0.821 0.012 0.964 0.000 0.976 0.000
hs-CRP 0.980 0.000 0.902 0.002 0.966 0.000 0.977 0.000
PCT 0.981 0.000 0.954 0.000 0.967 0.000 0.979 0.000
TRF 0.981 0.000 0.926 0.001 0.966 0.000 0.798 0.000
Note: P<0.05

Comparison of levels of inflaimmatory mark-
ers WBC, hs-CRP, PCT, and TRF before and
after treatment in the bacterial infection

group
As shown in Fig. 1, in the bacterial infection

group, the serum levels of WBC, hs-CRP and
PCT were significantly lower after treatment than
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those before treatment (/=-3.345, -5.112 and -
4.475, respectively; P=0.015, 0.002 and 0.004,
respectively), and the differences were statistically
significant (P> 0.05). However, the TRE level
was significantly higher after treatment than that
before treatment (#=4.655; P=0.003), and the dif-
ference was statistically significant (P<0.01).
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Fig. 1: A. The WBC level after treatment was compared with that before treatment, P<0.05. B. The hs-CRP level
after treatment was compared with that before treatment, P<0.05. C. The PCT level after treatment was compared
with that before treatment, P<0.05. D. The TRF level after treatment was compared with that before treatment,

Discussion

Neonatal physiological jaundice may disappear
without treatment. Neonatal pathological jaun-
dice is divided into a few types such as jaundice
due to bacterial infection, breast milk jaundice,
obstructive jaundice, and hemolytic jaundice, etc.
Among them, bacterial infection is the major
cause leading to jaundice (6). Neonatal bacterial
infection can be triggered by a couple of high-risk
factors such as premature rupture of membranes,
contamination of amniotic fluid, and maternal
vaginal infections during delivery (7). Infection
can cause premature destruction of red blood
cells of the newborn to varying degrees, resulting
in hemolytic symptoms. In addition, catalytic ac-
tivities of enzymes in the liver of the infant pa-
tient are greatly inhibited, causing disorders of
bilirubin metabolism and eventually leading to a
significant increase in bilirubin levels in the
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P<0.05

child's blood system (8). There is a high incidence
of jaundice due to bacterial infection and it often
starts with jaundice only without other clinical
manifestations such as fever and cough in new-
born patients. The cause of the disease is often
hidden, and the degree of the disease varies. Ex-
cessive bilirubin in the body can lead to brain
damage. Mild pathological jaundice can affect the
baby’s growth and development, while in severe
cases it can cause bilirubin encephalopathy, lead-
ing to disability and even death (9). Therefore,
screening of ideal serological markers is of great
significance for early diagnosis, condition evalua-
tion and treatment guidance.

WBC count and classification were typical mark-
ers for bacterial infection used in routine blood
test. White blood cells participate in the body's
defensive response in different ways. Despite lim-
ited diagnostic value, WBC is an essential and
routinely obtained marker in clinic. WBC count
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can be used as a clinical marker of neonatal infec-
tions, and therefore it can be used as a useful ref-
erence to justify testing items in a clinical labora-
tory. WBC count plays a valuable role in estimat-
ing the degree of infection and evaluating the
immune status of the body. However, there are
defects such as susceptibility to internal and ex-
ternal factors and wide fluctuation range; there-
fore, in some cases it is not reliable in estimating
the infection status of the body. C-reactive pro-
tein (CRP) is an acute phase protein synthesized
by the liver. It is an important marker of the
body's inflammatory response. Due to relatively
low level in a healthy person, CRP has been
widely used in clinical practice as a monitoring
marker of bacterial infection, demonstrating cer-
tain values in assisting the diagnosis of neonatal
infections (10). However, the CRP test exhibits
unsatisfactory sensitivity due to individual differ-
ences. The high-sensitivity C-reactive protein (hs-
CRP) test is a sensitive technique for detecting
low levels of CRP to identify low but persistent
levels of infection (11, 12). Hs-CRP, as one of
the sensitive markers of acute phase response
proteins, showed a sudden increase during the
inflammatory response process, and the increase
in its serum level precedes other clinical manifes-
tations including elevated body temperature (13).
The hs-CRP level increased significantly in serum
of patients with jaundice due to bacterial infec-
tion. Therefore, it can be used as an important
indicator for detection of a bacterial infection.
However, it is not an appropriate indicator for
detection of a viral infection due to its minimal
change. Due to above reasons, the hs-CRP test
can be used to differentiate between bacterial in-
fection and viral infection in newborns, thus
providing a valuable tool in diagnosis of neonatal
pathological jaundice due to bacterial infection.

Procalcitonin (PCT) is a glycoprotein with no
hormonal activity. It shares an identical amino
acid sequence with calcitonin. Under normal
physiological conditions, PCT is produced by
thyroid C cells, and its normal level in human
blood is <0.25 ng/mL. When a viral infection
occurs, the PCT level maintains in its normal
range. However, when a bacterial infection oc-
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curs, cells other than the thyroid cells such as
macrophages in the liver and neuroendocrine
cells can also secrete PCT, causing a rapid and
significant rise in its serum level up to 20-200
ng/mL. The increase in the PCT level can be de-
tected in the early stage of infection (2-3 h), indi-
cating that it can be used as an ideal indicator for
early diagnosis of bacterial infection. PCT is an
important serum marker found in recent years for
diagnosis of bacterial infection. It has good corre-
lation with the degree of inflammation. The PCT
level is associated with the jaundice index (14).
PCT is not only a sensitive indicator for predict-
ing neonatal infections, but also a good indicator
for guiding clinical use of antibiotics. In babies
with neonatal infection, the PCT level was signif-
icantly reduced after effective antibiotic treatment
(15), suggesting that it can be used as an indicator
of treatment outcome.

Transferrin (TRF) is a B globulin synthesized
mainly by liver cells with a half-life of 7 days. It
was found in recent years that TRF can be used
not only to assist in diagnosis of iron deficiency
diseases, but also as a marker of bacterial infec-
tion (16). The TRF serum level decreases in acute
phase response, thus it is a negative acute phase
response protein. TRF can maintain the stability
of red blood cell membranes, thus it plays a pro-
tective role in red blood cell damage when infec-
tion occurs (16). TRF can also promote renal bili-
rubin clearance by combining with free bilirubin.
TRF expression is significantly down regulated in
pathological jaundice and its serum level decreas-
es as jaundice worsens (17). TRF is associated
with occurrence of bilirubin encephalopathy (18).
The inflammation markers discussed above are of
great significance for diagnosis of neonatal
pathological jaundice. However, due to the varie-
ty of pathogens and individual variation of im-
mune status, it is often difficult to diagnose the
disease using one marker. Combined testing of a
few markers often improves diagnostic sensitivity
and accuracy.

Combined detection of serum myocardium en-
zymogram can inform the status of myocardial
function to some extent. The increase of levels of
myocardial enzymes in newborns with neonatal
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jaundice is due to the toxicities of high concen-
trations of bilirubin, and especially indirect biliru-
bin, which causes changes of some important
enzymes, disturbs membrane potential and dis-
rupts energy metabolism, inhibits the process of
cell glycogenolysis, and causes damage to mito-
chondria in cardiac muscle cells (19).

Cardiac markers CK, LDH and HBDB are often
used as diagnostic indicators of myocardial injury.
CK is found in the mitochondria and cytoplasm
of skeletal muscle, cardiac muscle, brain, and
other visceral tissues. It can reversibly catalyze
the reaction of creatine and adenosine triphos-
phate to produce creatine phosphate and adeno-
sine diphosphate. LDH is an important enzyme
that catalyzes the redox reaction between lactic
acid and pyruvate in glycolysis and gluconeogene-
sis. LDH is rich in tissues such as myocardium,
skeletal muscle and kidney. HBDB is an im-
portant enzyme in the oxidative utilization of ke-
tone bodies. It is mainly distributed in cardiac
muscle, brain, kidney, and other visceral tissues.
Elevated HBDB level often indicates damage to
the heart, brain, kidney and other organs. Mark-
ers CK, LDH and HBDB lack tissue specificity.
CK-MB is mainly found in cardiac muscle cells,
and its level is very low in normal human serum.
Therefore, CK-MB is a specific enzyme to myo-
cardial cells. When the myocardium is damaged, a
large amount of CK-MB is released into blood,
so it is highly specific for diagnosis of myocardial
damage. At present, markers LDH, CK, HBDB,
and CK-MB are still commonly used in enzymat-
ic examinations related to myocardial damage
(20). Elevated serum levels of LDH, CK, HBDB,
and CK-MB often indicate a possible damage to
myocardial cells (21).

Among the many factors that are associated with
neonatal pathological jaundice, infection is the
most important and common one (14). We
found that levels of inflammatory factors WBC,
hs-CRP and PCT in peripheral blood of patients
with neonatal pathological jaundice in the bacte-
rial infection group were significantly higher than
those in the non-infection group, while the level
of TRF was significantly reduced. Spearman’s
correlation analysis showed that the serum levels
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of LDH, CK, HBDB, and CK-MB in patients
with neonatal pathological jaundice in the bacte-
rial infection group were significantly increased,
and they were positively correlated with the in-
flammatory factors WBC, hs-CRP and PCT,
while were negatively correlated with TRF. The
above findings suggested that myocardial func-
tion might be impaired in neonatal pathological
jaundice due to bacterial infection. In such cases,
health care providers need to be vigilant. It is
necessary to carry out a comprehensive assess-
ment of the condition and provide timely diagno-
sis and treatment to avoid any delay. Dynamic
detection of serum WBC, sh-CRP, PCT, TRF
can be used to monitor the condition of disease,
guide the treatment, and evaluate the prognosis.
The above inflammatory indicators are of great
significance in the diagnosis of neonatal patho-
logical jaundice. However, the pathogens and the
immune status of the body are different; each
diagnostic indicator has its own clinical and la-
boratory characteristics. It is difficult to diagnose
diseases with single indicator. Joint detection can
improve the value of diagnosis.

A limitation of the study is that the number of
enrolled cases in this study was relatively small. In
the future, more laboratories could work together
to increase the sample size.

Conclusion

The combined detection of serum inflammatory
factors WBC, sh-CRP, PCT and TRF can be
used as a basis for early diagnosis of pathological
jaundice, disease evaluation, treatment guidance
and efficacy prediction.
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