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Abstract. Introduction. In spite of significant advances in medical care, neonatal sepsis remains an important risk factor
for neonatal morbidity and mortality. Accordingly, the present study was conducted to compare the number of nucleated
red blood cells per 100 white blood cells (NRBC/100WBC) in neonates with early onset sepsis and non-infectious neonates.
Materials and methods. In this cross-sectional study of 154 neonates admitted to the NICU of Ghaem Hospital in Mashhad,
Iran within the first three days of life, during 2014 to 2018, the characteristics of 44 neonates identified early onset sepsis
(Case group) were compared with 110 non-infectious neonates (Control group). After the confirmation of sepsis in neonates
based on positive blood culture and laboratory results, a researcher-made questionnaire containing neonatal characteristics
(gestational age, weight, first minute Apgar scores, fifth minute Apgar score, duration of oxygen therapy, and mechanical
ventilation duration) and neonatal laboratory profiles (routine blood culture, WBC, NRBC/100WBC, CRP, blood glucose,
calcium and venous blood gas) was filled in. Results. The results of this study showed that the absolute number of NRBC/mm?
in control group was 56.07£86.65 and in case group was 592.70£1166.75 (p = 0.000). Also, the number of NRBC per 100
white blood cells in control group was 6.54+11.18 and in case group was 31.84+40.07 (p = 0.000). The absolute number
of NRBC/mm? for the detection of early onset sepsis had a good sensitivity (78%) and NRBC/100WBC was suitable speci-
ficity (68.2%). Conclusion. This study indicated that NRBC/100 WBC and absolute NR BC count/mm? can be helpful in the
diagnosis of early onset sepsis and have an acceptable sensitivity and specificity.
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CPABHEHMUE BEJINYUH OTHOLUEHUY «A0POCOOEPXALUUE SPUTPOLUTDLI/100 J'IEVIKOLIMTOB»
(NRBC/100 WBC) Y HEAOHOLLUEHHbIX HOBOPOXXAEHHbIX C PAHHUM PA3BUTUEM CEMNCUCA
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IIUX B OTIEJCHUEe WHTEHCUBHOM Tepanuu O0oixbHUIIB [aem B Memixene, MpaH, B TeueHUe MEPBBIX TpeX AHEH XKu3-
Hu B niepuof ¢ 2014 mo 2018 . Y 44 HOBOPOXKAEHHBIX OOHAPYKEHbI MPU3HAKKU paHHEro cercuca (rpyrmnmna cerncuca),
110 HOBOPOXAEHHBIMU He UM MHGEKIIMOHHOM MaToJoruu (KOHTpoJbHas rpymmna). [locie moaTBepKaeHMS Cer-
cuca Ha OCHOBAaHMM TIOJIOXUTEIbHBIX PE3YJIbTATOB MOCEBA KPOBU U JaOOPATOPHBIX MCCAEJOBAHU M, TPOAHATU3UPO-
BaJli COCTABJIEHHbIII HAMU BOMPOCHUK, COAEPXKAIUI XapaKTePUCTUKN HOBOPOXKAEHHBIX (T€CTAllMOHHBIN BO3pacT,
BeC, OLICHKA 10 111KaJie ATirap Ha MepBoii MUHYTE, OLIEHKA I10 [TKaje ANrap Ha MsSITOi MUHYTE, TPOAOIKUTETbHOCTh
KHUCJIOPOIHON Tepanuu U MPOAOJIKUTEIbHOCTh UCKYCCTBEHHON BEHTUISIIMU JIETKUX) U HEOHATATbHBIE J1abopaTop-
Hble Tpod i (00pasiibl MyMOBUHHOM KPOBU, OOIIMII aHATU3 KPOBU, ADCOIIOTHOE KOJTUYECTBO SIIPOCOAEPKAIINX
sputpouutoB BMM® (NRBC/MM?), oTHoLIeHHe KoJMYecTBa SAPOCOASPXKAIIMX 3PUTPOLUTOB K 100 iefikoruTam
(NRBC/100WBC), C-peakTuBHBIl 0es0K). Pe3yasmame NCCENOBAHUS TIOKA3aiu, YTO aOCONIOTHOE KOJIMYECTBO
NRBC B KOHTPOJIbHOII IpyIIIe cOoCcTaBIsLio 56,07186,65/MM3, a B rpymrie cencuca — 592,70£1166,75/mm* (p = 0,000).
Kpowme Toro, konnuectBo NRBC Ha 100 1eiKOIIMTOB B KOHTPOJBHOM I'pyIie cocTaBisio 6,54+11,18, a B rpymme cen-
cuca — 31,84+40,07 (p = 0,000). MeTon onpeneneHus abeoaoTHoro koarndectBa NRBC/MM? mokasaj Xopomyio 4yB-
cTBUTENBHOCTH (78%), a moacuet cootHomreHust NRBC/100WBC — Hemntoxyio crieriuduuHocTh (68,2%) 11s1 BbISIB-
JICHUsT paHHero Havaua cencuca. 3akaouenue. OtHomeHre NRBC/100WBC u abcomoTHoe KonndectBo NRBC/mm?
MOTYT OBbITh TIOJIE3HbI B IMATHOCTUKE CEICHUCa Y HEAOHOLIEHHbBIX HOBOPOXIECHHBIX U IEMOHCTPUPYIOT IPUEMJIEMY IO

YYBCTBUTCJIbHOCTDb U CHCL[l/l(l)l/l‘{HOCTb.

Karouesvie caosa: pannuii cencuc, sopocodepucauue spumpoyumot (NRBC), Hogopoxcdentble, 2eMOKYAbMYpa, UHDEKUU,

HEOOHOUICHHOCb.

Introduction

Neonatal sepsis is a major cause of neonatal mor-
tality. Therefore, rapid and timely identification
of infected neonates is crucial in proper manage-
ment of these patients [6]. Sepsis and infection are
reported as the first (80%) and fourth (25.3%) most
common cause of neonatal deaths. Early identifica-
tion of neonatal sepsis increases the chance of neo-
nates’ recovery and reduces their complications [6].
In general, the diagnosis of infections in neonates
is challenging due to non-specific symptoms as well
as the absence of a definitive diagnostic test [4].
Neonatal clinical symptoms such as poor feeding,
lethargy, bradycardia, hypothermia, hypotension,
seizure, respiratory distress, etc. are non-specific
for diagnosis of neonatal sepsis. Body fluids culture
(blood and cerebrospinal fluid) is the gold standard
for the diagnosis of neonatal infections, however,
it takes 48—72 hours for the results to be available.
Laboratory findings including complete blood cell
count and laboratory and immunological tests have
lower sensitivity and specificity than blood cul-
ture [4, 5, 6]. Nucleated red blood cells are, in fact,
premature erythrocytes in the peripheral blood,
leading to an increase in the peripheral blood in re-
sponse to increased erythropoietin. Erythropoietin
is a glycoprotein hormone secreted by the kidneys,
liver, spleen, lungs, and bone marrow in response
to hypoxemia [8]. Many acute and chronic stimuli
increase the number of NRBC in blood circula-
tion by increasing the activity of erythropoietin [14].
Dulay et al. (2008) examined the number of NRBC
in neonates with early onset sepsis delivered at ear-
lier gestational ages (mean+SD: 27.1£2.8 weeks) and
found that it increased, and 83.9% of cases of early
onset sepsis were confirmed and 48.9% of suspicious
cases significantly increased [10].

Increasing the number of NRBCs in embryonic
circulation may be secondary to hypoxia or inflam-
mation [20]. Previous studies have shown that the in-
flammatory response associated with the release
of cytokines, especially IL-6, can be led to an in-
crease in the production of NRBC [23]. Both fetusin-
flammatory response and stress may play a role in the
production or release of NRBC in the peripheral cir-
culation. In addition, in pregnancies with histologic
chorioamnionitis, host inflammatory response may
be independent of erythropoietin resulting in in-
creased fetal NRBC [21]. In one study, NRBC count
in the peripheral blood smear helps with the diagnosis
of neonatal infection and can be used in conjunction
with other laboratory tests as a simple and convenient
method [7].

As the number of nucleated red blood cells is one
of the simple, available, and fast response factors,
it can play an important role in facilitating the diag-
nosis of sepsis if it helps in early detection of the in-
fection. Therefore, a case-control study was designed
to evaluate the number of nucleated red blood cells
in preterm neonates with early onset sepsis and com-
pare them with non-infected neonates.

Materials and methods

The study protocol was approved by the Ethics
Committee of Mashhad University of Medical Sci-
ences, Mashhad, Iran. This cross-sectional study (from
2013 to 2019) was performed on 154 neonates hos-
pitalized in the first three days after birth, in Ghaem
Hospital, Mashhad, Iran, using convenient sampling
method. Ghaem Hospital is a general referral hospital
with NICU (12 beds), level 2 care (25 beds) and a ma-
ternity hospital (Level 1 care), which has about 3000
births annually. The written informed consent was
obtained from the parents of the neonates. Neonates
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with Apgar scores less than 7 at 5 minutes after birth,
congenital malformations, congenital TORCH infec-
tions, hemolytic anemia, and erythroblastosis fetalis
were excluded from the study.

All the neonates entered the NICU in the first
day of life were examined. Clinical and laboratory
evaluation of patients was performed based on clini-
cal examination guidelines. Data was extracted from
neonatal medical history including gestational age,
weight, 1 min Apgar score, fifth-minute Apgar score,
duration of oxygen therapy and duration of mechani-
cal ventilation) and neonatal laboratory character-
istics (such as routine blood culture (Trypticase soy
broth), WBC, NRBC/100WBC, CRP, blood glu-
cose, calcium and Venous blood gas). The blood sam-
ple with EDTA, collected for the routine tests, was
used for complete cell count, followed by peripheral
blood smear analysis (by Giemsa staining). The cells
were separated and the number of nucleated red
blood cells (NRBCs) per 100 white blood cells was
reported. Neonates who had a positive blood culture
were considered as the case group. Early onset sepsis
was considered based on its onset at 0 to 3 days of age.
The neonateswho had anegative blood culture and had
no clinical and laboratory evidence of infection were
considered as control group. The NRBC/100WBC
and the number of absolute NRBC were compared
between these two groups. SPSS version 23 was used
to analyze the data. Statistical comparisons were
performed by Mann—Whitney test, unpaired t-test
and Chi-square test as required. Receiver-operating
characteristic (ROC) curves were also constructed
allowing the calculation of positive and negative
predictive values. Analysis of covariance was used
to control the variable of gestational age. A p-value
<0.05 was considered as the cutoff for significant dif-
ference between groups.

Results

A total of 286 infants were enrolled in the study;
31 were diagnosed with significant asphyxia, 26 with
intrauterine growth retardation, 11 with congeni-
tal anomaly or infection, 6 with hemolytic anemia,
6 with maternal preeclampsia and 18 had maternal
diabetes. Finally 22 neonates died in the 1%* week
and 12 with incomplete follow-up and were exclud-
ed from the study. The reported germs included:
12 cases of Klebsiella pneumoniae (27.27%), 10 cases
of Enterobacter (22.72%), 10 cases of Staphylococcus
epidermidis (22.7%), 6 cases of E. coli (13.63%), 4 cas-
es of Acinetobacter (9.09%), and 2 cases of coagulase-
negative Staphylococci (4.54%). Laboratory findings
are summarized in Table.

The results of this study demonstrated that there
was statistically significant difference in terms of the
gestational age (p = 0.001) between the two groups
(neonates who had a negative blood culture and those
who had a positive blood culture). However, after

adjusting for gestational age using the analysis of co-
variance, there was a statistically significant differ-
ence between the two groups in NRBC levels (p =
0.000). There was a significant difference between
two groups in CRP (p = 0.090), WBC (p = 0.006),
NRBC/mm? (p =0.000), and NRBC/100 WBC (p =
0.000). In other word, these variables in the neona-
tal group who had a positive blood culture were sig-
nificantly higher than those of non-infected neonates
(Table).

The results of this study showed that the number
of NRBC/100 WBC and absolute number of NRBC/
mm? increased in neonates with early onset sep-
sis. In the diagnosis of neonatal sepsis, the number
of NRBC/100 WBC greater than 5 had a sensitivity
of 72% and the specificity of 58%, and the absolute
NRBC count greater than 400/mm? had sensitivity
of 84.6% and specificity of 64% (Figure).

Discussion

Early onset sepsis microorganisms are commonly
encountered in the genitourinary tract of mother and
cause the infection of the amniotic fluid, placenta,
cervical or vaginal canal. In the event of a rupture
of the membrane or before labor begins, the infec-
tion occurs in the amniotic fluid [4, 22]. The main
causes of neonatal sepsis in advanced countries are
Streptococcus group B, E. coli and Listeria monocy-
togenes, and in developing countries are gram-neg-
ative bacilli, coagulase negative Staphylococci and
other bacteria [16]. In the present study, the most
common causes of early onset sepsis were Klebsiella
(25%), Enterobacter (22.7%), Staphylococcus epi-
dermidis (22.7%) and E. coli (11.35%). In a study
conducted by Farhat et al. (2014), the most com-
mon bacteria in neonatal sepsis in blood culture
were coagulase negative Staphylococcus (35%), fol-
lowed by Staphylococcus aureus (24%) and Klebsiella
(18%) [11]. In a previous sudy, the most common
bacteria in neonatal sepsis were gram-negative bac-
teria (55%) and coagulase negative Staphylococcus
(34%) and other gram-positive bacteria (10%) [3].
In a similar another study in this center, 44% of the
isolated microorganisms were coagulase negative
Staphylococcus, followed by Klebsiella pneumoniae
(31%), E. coli (19%), and other gram-negative mi-
croorganism (6%) [18]. The difference in the preva-
lence rate of microorganisms might be due to dif-
ference in sampling as well as that we studied only
the early onset sepsis.

In this study, the number of WBCs in the neo-
natal group who had a positive blood culture was
higher than that of non-infected neonates. The re-
sults of Hornik et al. (2012) showed that the number
of WBC had a low correlation with early onset sepsis.
The specificity of the WBC less than 5000 per mm?3
and the WBC count below 1000 per mm? to detect
sepsis was high, but with low sensitivity [15].
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Table. Comparison of the mean neonatal variables between case and control groups

Groups Control group Case group
Variables 110 [71.4%] 44 [28.6%] pvalue
CRP (Mg/dI) 8.94+16.11 23.90+28.49 0.090
WBC 9.64+5.79 14.82+11.64 0.006
NRBC absolute count (mm?) 56.07+86.65 592.70£1166.75 0.000
NRBC/100 WBC 6.54+11.18 31.84+40.07 0.000
Neutrophil percentage 45.07+41.61 44.32+21.36 0.867
Lymphocyte percentage 47.51+£18.27 44.18+21.13 0.113
Platelet (per mcL) 250.48+157.73 172.70+£106.60 0.845
1 min Apgar score 7.03+1.72 5.93+1.81 0.541
Fifth minute Apgar score 8.00+1.32 7.53+1.06 0.566
Weight (g) 1641.04+660.03 1350.22+606.23 0.382
Duration of oxygen therapy (day) 3.357.14 6.68+7.99 0.052
PT 15.16+3.01 19.39+4.67 0.319
PTT 74.50£29.99 63.00+28.88 0.643
Urea (mg/dl) 48.24£32.93 67.85+28.89 0.071
BUN (mg/dl) 60.09+20.20 39.00+13.06 0.077
Cr (mg/dl) 1.05+1.52 0.70+0.23 0.340
Sodium (mg/dI) 139.76+4.15 134.32+18.85 0.052
Calcium (mg/dl) 9.07+0.99 8.55+11.36 0.073
Blood glucose(mg/dl) 78.00+11.58 92.00+14.98 0.074
Phi 7.29+0.14 7.28+0.12 0.858
be 7.71x0.79 7.17+0.92 0.974
Hco3a 21.31+4.32 22.74+4.48 0.316
Pco2a 43.08+18.62 48.46+10.91 0.324
HCT 41.45+7.55 43.57+7.08 0.135
Gestational age (wk) 30.23£3.10 32.85+£3.90 0.001

Note. The values are based on standard deviationtmean.

ROC Curve
1.0
0.8
> 0.6
2
.%;
c
*
0.4
Source of the Curve
0.2 Absolut NRBC
’ NRBC/100 WBC
Reference Line
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Specificity

Figure. Comparison of the sensitivity and
specificity of NRBC numbers in 100WBC and NRBC
absolute count in the diagnosis of neonatal sepsis

The results of the current study showed that in the
confirmed early onset sepsis, the number of NRBC/100
WBC was about 5 times greater than non-infected neo-
nates, and the absolute number of NRBC/mm?® was
nearly ten times greater than non-infected neonates.
During the first 12 hours, the number of NRBCs de-
creased by 50% and reached 20 to 30 in mm? in the first
48 hours. In a healthy term neonate after 3 to 4 days,
NRBC was not normally seen in the peripheral blood.
However, preterm neonates may have NRBC in the pe-
ripheral blood up to one week after birth [2, 9, 12]. Asim-
ilar showed that inflammatory response is associate with
release of cytokines and the increase of NRBC [23].
Ranganathan reported the increase NRBC in the blood
to be associated with an increased risk of early onset
sepsis [19]. In a study by Dulay et al., who studied 68
preterm neonates, NRBCs and other inflammatory fac-
tors in the diagnosis of early onset sepsis were compared
and a direct relationship between NRBC and IL-6 was
reported in the diagnosis of neonatal sepsis [10]. Leikin
et al. performed a study on 359 neonates of the mothers
with chorioamnionitis, and found that there was a sig-
nificant correlation between NRBC and pathological
chorioamnionitis [17].
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In the diagnosis of neonatal sepsis, NRBC/100
WBC more than 5 had the sensitivity of 72% and
specificity of 58 %, and the absolute number of NRBC
greater than 400 had a sensitivity of 84.6% and speci-
ficity of 64%. In a study conducted by Abhishek
and Sanjay, number of NRBCs was increased in all
14 neonates and had a sensitivity of 35% and a speci-
ficity of 53.48% to detect sepsis [1]. In a similar study,
sensitivity and specificity of NRBC count more than
10 were reported as 45% and 83% to detect infec-
tion [7]. Therefore, this simple, fast, and cost-effec-
tive test can be used to identify early onset sepsis and
reduce the mortality and morbidity of the neonates.

One of the limitations of our study was the selection
of the group of premature infants without infection.
Premature infants often have different morbidities and
it is difficult to find healthy premature neonates. Also,
convenient sample size and thereby overlapping confi-
dence intervals were other limitations of our study.

Conclusion

In neonates with confirmed early onset sepsis,
NRBC/100 WBC and the absolute number of NRBCs
increased by about 5—10 times greater than non-in-
fectious neonates. The NRBC number per 100 WBC
greater than 5 had a suitable sensitivity and the abso-
lute number of NRBC greater than 400 had high sen-
sitivity to the diagnosis of early onset sepsis.

“What This Study Adds”

The NRBC number per 100 WBC greater than
4 has a suitable sensitivity and the absolute number
of NRBC greater than 400 had high sensitivity for the
diagnosis of early onset sepsis.

“What is Already Known”

Neonatal sepsis is a the major cause of neonatal
mortality and rapid and timely identification of in-
fected neonates plays an important role in the treat-
ment of these patients.
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