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Abstract. ���� �������� ��� ������������ ������ �����������The ability of recombinant human erythropoi-
etin (rhEPO) to protect preterm infants against perinatal 
intrauterine herpes virus infection-induced brain injury was 
studied. In total, 120 women infected with perinatal intra-
uterine herpes virus were randomized into four groups: A, 
B, C and D, and were given 1,500 IU (mother, pre-partum), 
3,000 IU (mother, pre-partum), 250 IU/kg (infant, post-natal), 
and no rhEPO, respectively. Hemoglobin (Hb), reticulocyte 
(Ret), hematocrit (Hct), neuron specific enolase (NSE), myelin 
basic protein (MBP), and S100 protein B (S100B) levels were 
measured immediately (T0) and at 1 week (T1), 2 weeks (T2), 
and 4 weeks  (T3) post-delivery. Linear regression analysis 
was performed to analyze inter-indicator correlation, and 
ROC risk models were established to determine the predictive 
value of Hb, Ret and Hct for brain injury immediately after 
delivery. The brain injury incidence rate of group A (10%) was 
significantly lower than group D (33.3%) and group B (6.7%) 
significantly lower than groups C (26.7%) and D. At T0, Hb, Ret 
and Hct in groups A and B were significantly higher than in 
group C and D, while from T1 to T3, groups A, B and C showed 
significantly higher values than group D. NSE, MBP and 
S100B showed an inverse trend, with groups A and B lower at 
T0 and groups A, B and C lower from T1-T3. Hb and NSE, MBP 
and S100B were negatively correlated, while no correlation 
was found between Ret and NSE, MBP and S100B. Finally, 
Hct and NSE, MBP and S100B were negatively correlated. The 
optimal cut-off values for Hb and Hct for brain injury diagnosis 
immediately post-partum were 170 g/l (sensitivity 99%, speci-
ficity 95.7%) and 28.5% (sensitivity 79.4%, specificity 100%), 
respectively. Ret did not show predictive value. In conclusion, 

pre-partum rhEPO treatment showed greater protective effects 
than post-natal administration, and this may be the regulation 
of Hb and Hct levels in post-natal preterm infants. In addition, 
a dose-dependent effect was displayed.

Introduction

Brain injury in preterm infants is related to inflammatory 
responses and viral infections (1). Herpes simplex virus (HSV) 
infection is one of the common types of intrauterine viral 
infection, with ~2.5% incidence in pregnant women and 
0.04% incidence in neonates (2). Many studies have shown 
that the cytokine-induced inflammatory response is the 
main mechanism of perinatal infection-induced brain injury. 
Pathogens are able to enter the fetus via maternal systems, 
thus increasing the risk of fetal inflammation syndrome, and 
inflammatory cytokines can enter the fetal brain via the circu-
lation, contributing to adverse neurodevelopmental outcomes. 
Accordingly, effective and prophylactic intervention in preg-
nant women with perinatal intrauterine viral infections is 
critical for protecting the cerebral neurofunction of preterm 
neonates  (3). In the past, recombinant human erythropoi-
etin (rhEPO) was generally used for treating anemia, including 
gestational anemia, with a high degree of safety (4). However, 
the non-hematopoietic functions of rhEPO have recently 
attracted clinical attention, focusing especially on its neuro-
protective capabilities. Indeed, the ability of rhEPO to protect 
against brain injuries has been investigated in neonatal rats (5). 
At this stage though, the majority of studies have focused on 
neonates and animal models, with no clinical investigation of 
prophylactic rhEPO intervention. The present study, having 
understood the reported safety of rhEPO intervention in preg-
nant women, investigated the neuroprotective capabilities of 
rhEPO intervention as an adjuvant therapy in pregnant women 
infected with intrauterine herpes virus.

Patients and methods

Patient information. One hundred and twenty women infected 
with perinatal intrauterine herpes virus treated at the Second 
People's Hospital of Liaocheng between July,  2012 and 
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August, 2014 were selected. The inclusion criteria were defined 
in accordance with ‘Chinese Obstetrics and Gynecology’ (6). 
Selected patients presented fever (>37.5˚C), heart rate >100 
bpm, fetal heart rate >160 bpm, abnormal amniotic fluid smell, 
uterine tenderness, CRP >8 mg/l, WBC >15x109/l. All selected 
patients were required to provide voluntary informed written 
consent prior to enrollment in the study. Participant exclusion 
criteria were as follows: i) allergy to the selected medicine; 
ii) ha ving pregnancy-induced hypertension, diabetes, or 
preeclampsia, other pregnancy-related complications, or 
serious internal diseases; iii) refusal to provide consent.

Fetus inclusion criteria were as follows: i) gestational age 
<37 weeks, in line with diagnostic criteria for preterm children; 
ii) presence of maternal pathogens in fetal pharyngeal secre-
tions, urine, or blood. Fetus exclusion criteria were as follows: 
i) allergy to the selected medicine; ii) presence of any other 
congenital diseases. Participants were randomly assigned into 
four groups of 30 each: A, B, C and D. Maternal and fetal base-
line data for all four groups are shown in Tables I and II. No 
significant differences in any parameter were found between any 
of the groups (P>0.05). The study was approved by the Ethics 
Committee of the Second People's Hospital of Liaocheng.

Intervention methodology. Participants in all four groups 
were given the same baseline intrauterine infection treat-
ment, with rhEPO administration only after their infections 
were under control. Participants in group A were treated with 
1,500  IU rhEPO doses (S20030068; Shanghai HKB  Co., 
Ltd., Shanghai, China) via slow intravenous injection every 
3 days until delivery. Participants in group B underwent the 
same procedure except the dosage was 3,000 IU rhEPO. In 
group C, neonates were intravenously administered 250 IU/kg 
rhEPO 3 times/week from 2-3 days post-natal until 1 month. 
Participants in group D were not given rhEPO at any time. 
Hb levels were closely monitored throughout the study period, 
with Hb levels >220 g/l resulting in termination of rhEPO 
administration to prevent hyper-erythropoiesis.

Measured parameters. The following parameters were 
measured immediately after delivery (T0) and 1 (T1), 2 (T2), 

and 4 weeks after delivery (T3): hemoglobin (Hb), reticulo-
cyte (Ret), hematocrit (Hct), neuronspecific enolase (NSE), 
myelin basic protein (MBP), and S100 calcium-binding 
protein B (S100B). The linear relationships and the correlation 
coefficient r between Hb, Ret and Hct with NSE, MBP and 
S100B were analyzed. Receiver operating characteristic (ROC) 
curve models were established to determine the evaluation 
values of Hb, Ret and Hct for brain injury in preterm infants 
and their optimal cut-off values.

Statistical analysis. SPSS 19.0 (IBM, Armonk, NY, USA) 
was used in data analysis. Measurement data were recorded 
as (mean ± SD), and the comparison of multiple time-points 
between the four groups was calculated via repeated measures 
analysis of variance (rANOVA). Multivariate analysis 
of variance (MANOVA) was used for single time-point 
comparisons while least significant difference  (LSD) was 
used for pair-comparisons. Odds ratio  (%) was calculated 
and Mann‑Whitney U test was used to compare pair-data. 
Chi-square test was applied in mortality and bacterial eradica-
tion calculations, data were analyzed via linear correlation and 
P<0.05 indicated statistical significance.

Results

Incidence of brain injury. The incidence of brain injury 
in groups  A, B, C and D were 10% (3/30), 6.7%  (2/30), 
26.7% (8/30), and 33.3% (10/30), respectively. The difference 
between group A and groups B and C were not statistically 
significant (χ2=0.218, P=0.640; χ2=2.783, P=0.095, respec-
tively). However, group A was significantly different than 
group D (χ2=4.812, P=0.028). group B was also significantly 
different from groups C and D (χ2=4.320, P=0.038; χ2=6.667, 
P=0.010, respectively), while groups C and D were not statisti-
cally significant (χ2=0.318, P=0.573).

Multiple time-point Hb, Ret and Hct level comparisons between 
groups. Hb levels in all four groups showed a decreasing trend 
over time (Table ΙΙΙ). At T0, Hb levels in groups A and B were 
significantly higher than in groups C and D (P<0.05) while no 

Table I. Maternal participant baseline data.

Variable	 Group A	 Group B	 Group C	 Group D	 P-value

Age (years)	 26.3±4.2	 26.7±3.9	 27.1±4.8	 26.9±5.2	 >0.05
Gestational age (weeks)	 32.4±2.2	 31.5±3.5	 31.8±1.8	 32.6±2.8	 >0.05
Body weight (kg)	 72.6±10.5	 75.6±11.4	 73.2±12.6	 73.7±13.0	 >0.05

Table II. Fetal baseline data.

Variable	 Group A	 Group B	 Group C	 Group D	 P-value

Gender (male/female)	 16/14	 18/12	 15/15	 14/16	 >0.05
Gestational age (weeks)	 31.2±1.8	 31.4±2.2	 30.1±2.1	 31.7±1.9	 >0.05
Weight (g)	 1725.2±159.4	 1746.5±161.7	 1722.5±154.9	 1736.5±171.5	 >0.05
1-min Apgar score	 9.5±1.4	 9.7±1.6	 9.7±1.8	 9.4±1.6	 >0.05
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differences were observed between groups C and D (P>0.05). 
At T1, T2 and T3, Hb levels were not significantly different 
between the four groups (P>0.05), although groups A, B and 
C all showed higher levels than group D. Ret levels were not 
different between groups A and B at any time-point (P>0.05), 
but Ret levels in groups A and B were higher than those in 
groups C and D at T0 (P<0.05). In addition, Ret levels in 
groups A, B and C were higher than in group D at T1-T3 
(P<0.05). Finally, Hct levels were higher in group B than 
group A at T0, but the difference was not statistically signifi-
cant (P>0.05). However, Hct levels in groups A and B were 
significantly higher than in groups C and D (P<0.05). At T1, 
T2 and T3, Hct levels in groups A, B and C were significantly 
higher than in group D (P<0.05).

Differences in specific brain injury indicators in preterm infants. 
As shown in Table IV, NSE, MBP and S100B levels were signifi-
cantly lower in groups A and B vs. groups C and D at T0 (P<0.05), 
while at T1, T2 and T3, there was no significant difference among 
groups A, B and C (P>0.05), but all three showed significantly 
lower NSE, MBP and S100B levels than group D (P<0.05).

Correlation between blood indicators and specific brain 
injury indicators. As shown in Table V, there was a negative 
correlation between Hb and NSE, MBP and S100B (P<0.05), 
while Ret was not significantly correlated with NSE, MBP 
or S100B (P>0.05). Hct was negatively correlated with NSE, 
MBP and S100B (P<0.05).

ROC brain injury prediction model using umbilical vein blood 
immediately after delivery. ROC model results presented an 

area under the curve (AUC) of 0.992 for Hb, with standard error 
0.006, asymptotic significance P<0.01, 95% CI, 0.980-1.000, 
optimal cut-off value 170, and sensitivity 99%/specificity 95.7%. 
The Ret ROC model presented an AUC of 0.465, with standard 
error 0.062, asymptotic significance P=0.608, and 95% CI, 
0.344-0.587; this indicated that Ret had no predictive value 
for brain injury. Finally, Hct presented an AUC of 0.934, with 
standard deviation 0.023, asymptotic significance P<0.01, 
95% CI, 0.889-0.980, optimal cut-off value 28.5, and sensi-
tivity 79.4%/specificity 100% (Fig. 1).

Discussion

It is clinically recognized today that preterm infant brain 
injury is mainly related to hypoxia/ischemia and intrauterine 
infections, with the most common type of brain injury being 
white matter lesions (7). HSV is one of the common types of 
intrauterine infection, and studies have confirmed that infants 
can be infected with HSV at birth, manifesting as lesions of the 
central nervous system and skin (8). Different viral infections 
have affinity for different organs, thus leading to significant 
individual differences in lesion profile. Recent research indi-
cates that HSV-infected infants present microcephaly, heart 
abnormalities and neuropsychiatric disorders  (9). Indeed, 
research has indicated that ~30% of preterm deliveries are 
intrauterine infection-related (10). The main mechanism of 
intrauterine infection-induced brain injury is fetal blood-brain 
barrier permeability induced by circulating microorganism-
stimulated inflammatory factors. This allows microorganisms 
to enter the fetal brain, causing injury and fever (11,12). Some 
researchers believe that fever at delivery could aggravate 

Table III. Multiple time-point Hb, Ret and Hct level comparisons.

Variable	 Time-point	 Group A (n=30)	 Group B (n=30)	 Group C (n=30)	 Group D (n=30)

Hb (g/l)	 T0	 171.6±14.8	 173.8±15.3	 159.9±17.2a,b	 165.2±16.8a,b

	 T1	 156.3±20.4	 158.5±19.5	 161.8±13.4	 142.6±20.2a-c

	 T2	 135.5±18.7	 137.3±20.5	 141.3±13.3	 112.5±21.6a-c

	 T3	 109.9±16.5	 112.5±15.4	 115.4±12.9	 90.4±14.3a-c

F-value		  6.369	 5.493	 5.894	 7.610
P-value		  0.024	 0.049	 0.039	 0.014

Ret (x109)	 T0	 22.4±9.7	 24.1±12.9	 18.4±10.2a,b	 18.1±9.5a,b

	 T1	 24.5±10.3	 24.6±13.4	 27.5±14.2	 17.3±10.2a-c

	 T2	 22.7±11.5	 21.2±10.3	 26.2±13.5	 17.7±11.2a-c

	 T3	 24.5±12.4	 20.4±11.7	 24.8±11.3	 18.6±12.7a-c

F-value		  3.169	 2.693	 4.775	 3.031
P-value		  0.136	 0.271	 0.069	 0.142

Hct (%)	 T0	 31.4±6.2	 32.5±5.8	 27.1±4.9a,b	 26.6±5.3a,b

	 T1	 28.6±5.4	 31.7±5.6	 32.5±5.5	 25.4±4.3a-c

	 T2	 33.6±5.8	 34.1±6.5	 31.4±6.3	 24.1±5.9a-c

	 T3	 34.1±5.6	 37.5±7.5	 38.4±7.4	 23.4±6.3a-c

F-value		  7.893	 9.963	 5.336	 4.116
P-value		  0.001	 <0.01	 0.056	 0.089

P<0.05 vs. groups Aa, Bb and Cc. Hb, hemoglobin; Ret, reticulocyte; Hct, hematocrit.
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hypoxia/ischemia in fetal brain, and cerebral palsy incidence 
has been found to increase 9-fold (13). In addition, studies 
have demonstrated that 24-32 weeks of gestational age was the 
most vulnerable period for fetal white matter. This neurode-
velopment stage is roughly equivalent to 2-5 day old neonatal 
rats, which have been found to be susceptible to infection and 
hypoxia-induced inflammation (14,15). Therefore, it is entirely 
possible that the intrauterine infected fetus may have already 
developed brain injury before delivery.

Apart from its hematopoietic function, EPO also has a 
neuro-protective role. Preliminary findings have indicated that 
it may be involved in brain cytokine-manipulated biological 
regulation, although the mechanism is unclear (16,17). rhEPO 
administration in an intrauterine fetal hypoxia/ischemia 
rat model was detected in the pups, indicating that rhEPO 
breached the blood-brain barrier and protected the fetal 
brain in the third trimester. However, this particular study 
investigated uterine hypoxia/ischemia (18) and contradicted 
earlier studies suggesting that rhEPO could not breach the 
blood-brain barrier  (19). Studies have indicated that brain 

Table V. Correlation between blood indicators and specific brain injury indicators.

Independent variables	 NSE (r-, P-value)	 MBP (r-, P-value)	 S100B (r-, P-value)

Hb	 -0.341, 0.009	 -0.625, <0.01	 -0.442, <0.01
Ret	 -0.125, 0.576	 -0.046, 0.889	 -0.133, 0.421
Hct	 -0.844, <0.01	 -0.136, 0.042	 -0.643, <0.01

NSE, neuron specific enolase; MBP, myelin basic protein; S100B, S100 protein B; Hb, hemoglobin; Ret, reticulocyte; Hct, hematocrit.

Figure 1. Receiver operating characteristic (ROC) model predictive value 
for brain injury for hemoglobin  (Hb), reticulocyte (Ret) and hemato-
crit (Hct) values measured immediately after delivery. Hb area under the 
curve (AUC), 0.992; Ret AUC 0.465; Hct AUC, 0.934. Hb and Hct demon-
strated predictive value (P<0.05) while Ret did not have predictive value 
(P<0.05). PS: TPF, sensitivity; FPF, 1-specificity.

Table IV. Differences in specific brain injury indicators in preterm infants.

Indicator	 Time-point	 Group A	 Group B	 Group C	 Group D

NSE (pg/ml)	 T0	 1.9±0.5	 1.5±0.2	 2.5±0.5a,b	 2.6±0.6a,b

	 T1	 1.9±0.3	 1.8±0.5	 2.0±0.4	 2.5±0.4a-c

	 T2	 1.8±0.2	 1.9±0.2	 1.8±0.3	 2.3±0.4a-c

	 T3	 1.3±0.1	 1.5±0.1	 1.4±0.2	 2.2±0.4a-c

F-value		  13.007	 15.960	 27.582	 8.369
P-value		  <0.01	 <0.01	 <0.01	 0.001

MBP (pg/ml)	 T0	 0.7±0.2	 0.6±0.1	 0.8±0.2a,b	 0.9±0.2a,b

	 T1	 0.5±0.3	 0.5±0.3	 0.5±0.2	 0.9±0.2a-c

	 T2	 0.3±0.4	 0.4±0.2	 0.4±0.1	 0.8±0.1a-c

	 T3	 0.2±0.09	 0.3±0.1	 0.3±0.1	 0.8±0.2a-c

F-value		  28.693	 17.525	 8.582	 4.696
P-value		  <0.01	 <0.01	 0.041	 0.121

S100B	 T0	 4.2±1.0	 4.1±0.9	 5.4±1.4a,b	 5.6±2.3a,b

	 T1	 3.9±1.6	 4.0±1.5	 5.1±1.3	 5.5±2.4a-c

	 T2	 3.8±1.9	 4.0±1.8	 4.2±1.2	 4.9±1.9a-c

	 T3	 4.1±1.2	 3.9±1.3	 3.7±1.1	 4.8±2.0a-c

F-value		  10.960	 5.916	 29.398	 5.226
P-value		  <0.01	 0.067	 <0.01	 0.089

P<0.05 vs. groups Aa, Bb and Cc. NSE, neuron specific enolase; MBP, myelin basic protein; S100B, S100 protein B.
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hypoxia/ischemia can be induced by anemia (20), and thus, we 
investigated blood condition indicators such as Hb, Ret and Hct. 
Indeed, we found that maternal rhEPO administration resulted 
in elevated Hb, Ret and Hct levels in infants immediately after 
delivery. Infants given post-natal rhEPO showed slow decline 
in Hb, Ret and Hct levels over time. ROC modeling demon-
strated that the Hb and Hct levels measured immediately after 
delivery could predict brain injury incidence that could not be 
corrected with post-delivery administration, indicating hyster-
esis and that infants may have already developed irreversible 
brain injury by post-delivery administration. In addition, we 
found that the aforementioned fetus blood indicators were 
correlated with the specific brain injury indicators NSE, 
MBP and S100B, suggesting a probable relationship between 
preterm infant brain injury and anemia (21). Although animal 
experiments have indicated that low Hb levels can increase 
stroke risk (22), no studies regarding the relationship between 
Hb and brain injury have been reported until this study. The 
ROC model established in this study found that the optimal 
cut-off value for Hb was 170 and for Hct was 28.5, suggesting 
an increasing rate of brain injury when Hb and Hct levels were 
lower than their cutoff values in preterm infants after delivery. 
In addition, early administration of rhEPO before delivery 
may correct low immediately post-delivery Hb and Hct levels, 
thereby reducing brain injury risk.

In conclusion, maternal rhEPO intervention in intrauterine 
HSV-infected women during pregnancy has predictive value 
on preterm infant brain injury, with a dose-effect relationship. 
However, to further prove this predictive relationship, animal 
experiments and studies with a large quantity of sample are 
still required.
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