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Abstract
Introduction: Late-onset sepsis (LOS) is a major cause of death and 
neurodevelopmental impairment in preterm infants. In this study, our aim was to 
review the role of red cell distribution width to platelet ratio (RPR) to predict LOS 
in preterm infants.
Materials and Methods: Preterm infants with ≤366/7 gestational weeks who were 
admitted to the neonatal intensive care (NICU) between January 2018 and 2020 
were accepted in this observational cohort study. LOS group had culture-proven 
LOS and the control group with no LOS during their NICU stay. Complete blood 
cell parameters were recorded on the day of culture growth in the groups. The 
study cohort was classified into two groups according to the type of the growing 
microorganism and the RPR levels were then evaluated in intra- and inter-group 
analyses.
Results: Eighty -five infants were included in the final analysis. RPR values were 
significantly higher in the LOS group (p<0.001) In the subgoup analyses, RDW 
and RPR values were significantly higher in the group with Gram-negative sepsis 
(p<0.001). The sensitivity and specificity of an RPR cutoff value of 0.17% were 
found to be 60% and 92% (p<0.001), respectively for predicting LOS.
Conclusion: This study defined that RPR is a practical and useful marker to 
predict LOS in preterm infants. Future prospective studies with large study groups 
are needed to evaluate the role of RPR in the prediction of late-onset sepsis.

Öz
Giriş: Preterm infantlarda geç sepsis nörogelişimsel gerilik ve ölümün önemli 
nedenlerinden biridir. Bu çalışmadaki amacımız, eritrosit dağılım genişliği/
trombosit (RPO) oranının geç sepsis erken tanısındaki rolünü araştırmaktır.
Gereç ve Yöntem: Gözlemsel kohort çalışmaya Ocak 2018 ve 2020 yılları 
arasında yenidoğan yoğun bakım ünitesinde yatarak tedavi görmüş ≤366/7 
gestasyonel haftanın altındaki preterm infantlar dahil edilmiştir. Geç sepsis 
grubuna kültür kanıtlı sepsis izlenenler dahil edilirken kontrol grubuna geç sepsis 
atağı izlenmemiş hastalar dahil edilmiştir. Kültür üremesi ile eş zamanlı alınmış 
olan tam kan parametreleri kaydedilmiştir. Ayrıca çalışma grubu kültürde üreme 
izlenen mikroorganizma tipine göre gruplandırılmış ve gruplar arası ve grup içi 
analizleri kaydedilmiştir.
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Introduction
Late-onset sepsis (LOS) is most frequently 

determined as neonatal sepsis begining after 3 days of 
postnatal age, represents a crucial cause of morbidity 
and mortality in preterm infants (1-4). The frequency 
of LOS is inversely associated with birth weight (BW) 
and gestational age. In parallel with the development 
in the survival rates of preterm infants, there is an 
increase in other well-known risk factors for LOS 
such as long mechanical ventilation and intravascular 
catheterization days, extended duration of parenteral 
nutrition, and hospitalization days (1,2,5). The 
incidence of culture-proven LOS alters amongst 
neonatal units from 21-36% (6,7). The main pathogens 
causing LOS are coagulase-negative Staphylococci 
(CONS), followed by Gram-negative bacteria, and 
fungi. In the way of toxin production, CONS are not 
as serious as Gram-negative bacteria and therefore 
short-term infectious complications and mortality 
are monitored rarely with CONS. However, studies 
implicate the risk of neurodevelopment sequelae was 
independent of the type of pathogen (1,2,6).

Rapid diagnosis of LOS is still a problematic 
condition for clinicians because the featuring signs 
are often non-specific (8). Blood culture is the gold 
standard for diagnosing sepsis; however, this ‘gold 
standard’ testing method has some disadvantages. 
These disadvantages involve; it may produce false-
positive results in addition to false-negative results and 
also it takes time to get the results (2,3). In neonatal 
sepsis, various molecules have been studied as 
possibly useful prognostic markers like procalcitonin, 
IL-6, IL-8, CD64, presepsin, raised ratios of anti- and 
pro-inflammatory cytokines (e.g. IL-10/TNF-α and 
IL-6/IL-10). Also currently molecular-based methods 
have risen as diagnostic methods for neonatal sepsis 
(2,4,9). Red blood cell distribution width (RDW) 
is a quantitative measure of variability in the size of 
circulating erythrocytes. The crucial role of RDW has 
been reported in a range of inflammatory diseases 
in adults and neonates (1,3,10-13). In inflammation, 

proinflammatory cytokines and high oxidative stress 
alter both erythropoiesis and erythrocyte maturation 
and by entering newer reticulocytes in circulation, 
RDW is increasing. In addition, inflammation tissue 
factor causes reduced platelet count (1,3). In recent 
years many reports have shown that red cell distribution 
width to platelet ratio (RPR) is a practical and helpful 
marker of inflammatory diseases (3,10,14). In the 
present study, the role of RDW and RPR parameters, 
which are parts of a complete blood count analysis, 
were interrogated to predict LOS in preterm infants.

Materials and Methods 
An observational cohort study was attended at the 

University of Health Sciences Turkey, Bursa Yüksek 
İhtisas Training and Research Hospital between 
January 2018 and 2020 upon approval of the study by 
the Local Ethics Committee (approval number: 05-18, 
date: 05.05.2021). The study cohort was divided to two 
groups: LOS group was preterm infants who were at 
≤366/7 gestational weeks and had culture-proven LOS 
during their neonatal intensive care unit (NICU) stay 
and the control group were preterm infants who were 
at ≤366/7 gestational weeks with no LOS attack during 
NICU stay. The definition of neonatal sepsis was the 
presence of clinical signs of sepsis with positive blood 
culture, and LOS was defined as a sepsis attack, which 
developed between day 4 and 30 of postnatal life and 
infants with more than one episode of LOS only the first 
LOS episode was taken into account. The exclusion 
criteria were as follows: infants with previous blood 
transfusion before the first LOS episode; maternal 
moderate/severe anemia; maternal medications that 
may alter the fetal hemopoietic system; positive family 
history of hematologic diseases such as thalassemias; 
infants with major congenital anomalies, hydrops 
fetalis, intrauterine transfusion, perinatal asphyxia, 
grade 3 and 4 hemorrhage and refusal of parental 
consent.

Details of maternal medical history, prenatal 
demographics, antenatal steroid administration 

Bulgular: Son analize seksen beş infant dahil edilmiştir. Geç sepsis grubunda RPO oranları istatistiksel anlamlı olarak yüksek 
izlendi (p<0,001). Subgrup analizinde RDW ve RPO değerleri Gram-negatif sepsis grubunda belirgin yüksek izlendi (p<0,001). 
Geç sepsis öngörmede RPO eşik değeri olarak %0,17 degerinin sensitivite ve spesifitesi sırasıyla %60 ve %92 olarak izlendi.
Sonuç: Bu çalışmada geç sepsisi öngörmede RPO değerinin pratik ve yararlı olduğu gösterildi. RPO değerinin geç sepsisi 
öngörmedeki rolü ile ilgili prospektif ve geniş çalışma grupları ile yapılacak çalışmalara ihtiyaç vardır.



Doğan et al. Early Predictor of Late-Onset Sepsis      29

J Curr Pediatr 2022;20:27-33

gestational age, birth weight, gender, mode of 
delivery, Apgar score at 1 and 5 minutes, the type of 
microorganism grown in blood culture, were recorded. 
Blood cultures were examined using the fully automatic 
BACTEC method by BACTEC 9240 device (Becton 
Dickinson, Heidelberg, Germany).

Two milliliters of blood were collected from a 
peripheral vein into a K3 EDTA tube (tripotassium 
ethylenediaminetetraacetic acid) and counts were 
performed within 1 hour of sample collection. 
Hematological parameters were determined with a 
Sysmex-XT-2000i counter (Sysmex, Kobe, Japan). 
Complete blood cell parameters, including the RDW, 
platelet count, RPR, and blood cultures were recorded 
on the day of culture growth in the study group. 
Complete blood cell parameters   taken routinely on the 
postnatal 10th day were also recorded in the control 
group. The RPR values recorded in the blood samples 
received on the day of culture growth were compared 
between the groups.

Statistical Analysis
Statistical analysis was accomplished using the 

Statistical Package for the Social Sciences (SPSS) 
version 20.0 software (SPSS Inc., Chicago, IL, USA). 
The results are shown as median (interquartile range) 
for the variables showing non-Gaussian distribution 
and mean ± standard deviation (SD) for data showing 

normal distribution. The Student’s t-test was applied for 
group comparisons of normal distributions, and Mann-
Whitney U-test was applied for group comparisons 
of non-normal distributions. The chi-square test and 
Fisher’s exact test were consumed for the comparison 
of categorical variables. The Wilcoxon-signed test was 
applied to correlate paired data. Logistic regression 
analysis was achieved to consider the association 
between RDW and mortality. The analysis involved 
factors that were established in the literature to affect 
mortality, including gestational week and birth weight 
were included in the analysis. The predictive power 
of different variables was defined by the receiver 
operating characteristic (ROC) curve. A p-value of 
<0.05 was studied statistically significant.

Results 
Of the 20710 live births, a total of 1205 preterm 

infants were accepted to the NICU during the study 
period. After excluding infants with exclusion criteria, 
85 infants were included in the final analysis. Forty-
five (53%) of these infants had LOS, while 40 (47%) 
infants had no LOS attack during their NICU stay. A 
detailed flowchart of the study population is shown in 
Figure 1. 

The mortality rate was significantly higher in group 
2 (p=0.001). Demographic characteristics of the study 
population are shown in Table 1.

Figure 1. Flowchart of the study population.
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When the whole blood cell parameters and CRP 
levels were taken at the same time with the blood 
sample in which the culture growth was monitored, 
the platelet levels were significantly lower in the 
LOS group (p<0.001). CRP and RDW values were 
significantly higher in the LOS group (p<0.001 for 
both). When RPR values were compared in both 
groups, RPR values were significantly higher in the 
LOS group (p<0.001). When considered in terms 
of other hematological parameters, no significant 
difference was observed between the two groups.

Laboratory findings of the study groups are 
given in Table 2. Cases with LOS were divided into 
subgroups according to the type of microorganism 
grown in culture, as those with Gram-positive and 
negative growth. Gram-positive growth was observed 
in 64% of cases with LOS, and Gram-negative growth 
was observed in 36%. Cases with LOS were divided 
into subgroups according to the type of microorganism 
grown in culture, as those with Gram-positive and 
negative growth. In the subgroup analysis, hemoglobin 
and platelet values were significantly lower in 
the group with Gram-negative growth in culture 
(p=0.003, p<0.001, respectively). CRP value was 
significantly higher in the group with Gram-negative 
growth (p=0.03). In addition, RDW and RPR values 
were significantly higher in the group with Gram-
negative growth (p<0.001). Laboratory findings of the 
subgroups are given in Table 3.

Logistic regression analysis defined a positive 
association of RPR with LOS when adjusted for the 
gestational week and birth weight (adjusted odds ratio: 

573.7; 95% confidence interval: 9.4-34778; p=0.002). 
Reciever-operating characteristic (ROC) analysis was 
accomplished to determine the optimal threshold values 
of RPR for predicting LOS, the area under the curve 
(AUC) was determined to be 0.762. The sensitivity 
and specificity of an RPR value of 0.17% were found 
to be 60% and 92% (p<0.001), respectively (Figure 2).

Discussion 
Premature infants are at high risk for LOS because 

of many factors as well as immaturity of their innate 
immune system, extended hospitalization days 
with frequent invasive procedures. LOS is a major 
cause of death and neurodevelopmental impairment 
in premature infants (15). In recent years many 
researchers reported biomarkers that are potentially 

Table 1. Neonatal and maternal characteristics of the study population
LOS group (n=45) Control group (n=40) p

GA at birth, wk [median (IQR)] 28 (27-31) 30 (28-32) 0.08a

BW, g [median (IQR)] 1130 (865-1415) 1367 (1010-1892) 0.06a

Sex, n (%)
Male 24 (53)  24 (60)

0.5b

Female 21 (47)  16 (40)
C/S delivery, n (%) 39 (87)  32 (80) 0.4b

Apgar score, median (IQR)
at minute 1 7 (6-8)  6 (6-7) 0.6a

at minute 5 8 (7-9)  8 (7-9) 0.6a

Antenatal steroid, n (%)
Single/repeat course 18 (38) 23 (59) 0.8b

a Mann-Whitney U test, bChi-square test, GA: Gestational age, BW: Birth weight, C/S: Cesarean section, wk: Week, LOS: Late onset sepsis

Figure 2. Receiver operating characteristic curves for prediction 
late-onset sepsis by RPR.
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valuable both for diagnosis of LOS and prediction of 
its outcome. Unfortunately, many of these biomarkers 
are not readily accessible in many neonatal intensive 
care units (9,16,17). In the present study, there was a 
significant increase in RPR during the LOS episode. 
An RPR value of 0.17% was determined to be a reliable 
cut-off to predict LOS. To the best of our knowledge, 
this is the first study that defined RPR as an early 
predictor of LOS. Our findings demonstrate that RPR, 
which can be assessed practically in the complete 
blood count as part of the routine sepsis evaluation, 
may play a role in the diagnosis of LOS.

The most common pathogens in LOS are coagulase-
negative staphylococci (CONS), S. aureus, Gram-
negative bacteria (Klebsiella spp., Pseudomonas 
spp., E. Coli, and Enterobacter spp., respectively), 
and Candida spp. (18). Although CONS takes the 
first place as causative organisms in LOS, Gram-
negative infections are associated with a higher risk 
of morbidity and mortality (19). In most cases, the 
clinic signs of LOS are often non-specific but can 
immediately progress to septic shock and death within 
hours of onset. Despite paramount importance to 

find a tool for prediction LOS, it is yet to be found 
(2,9). In recent years, many researchers have reported 
many biomarkers and CRP for the early diagnosis of 
sepsis. Cytokines, such as IL-6, IL-1b, SIL2R, IL-8, 
and TNF-α, cell surface antigens as biomarkers, such 
as CD11b, CD64, sCD163 were reported as early 
predictors of sepsis (18,20,21). A recently published 
study showed that IL-6 and PCT give important 
information about the severity of disease and mortality 
risk in LOS (22). Mostly in NICUs, these biomarkers 
are not readily available because they are expensive, 
and not practically accessible (1,9). Because of this, 
simple and easily available predictive markers are 
needed. With this point of view, RPR is practically 
accessible marker, which is a part of the routine 
complete blood-count parameters. In this study, it is 
found that an RPR value of 0.17% was found to be a 
reliable cut-off to predict LOS.

Thrombocytopenia is a frequent pathology in 
NICUs and is seen in 18–35% of neonates admitted to 
NICUs. Neonatal thrombocytopenia has been defined 
into two groups according to the time of onset: early-
onset (EOT), which is within 72 h of life, and late-

Table 2. Laboratory findings of the study and control groups
LOS group (n=45) Control group (n=40) p

WBC count (103/µL) [median (IQR)] 11 (6.1-16.7) 10 (7.2-14.7) 0.9a

Hemoglobin (g/dL) (mean ± SD) 12.5±2.3 14.6±3.6 0.001b

Platelet count (103/µL) [median (IQR)] 68 (27-224) 228 (123-279) <0.001a

MPV (fL) (mean ± SD) 9.5±1.4 9.6±1.2 0.6b

CRP (mg/L) [median (IQR)] 78 (47-105) 5 (3.5-6) <0.001a

RDW (%) [median (IQR)] 19.3 (17.5-21.2) 16.4 (15.9- 19.4) <0.001a

RPR (%) [median (IQR)] 0.27 (0.07-0.73) 0.08 (0.05-0.13) <0.001a

aMann-Whitney U test, bStudent’s t test, WBC: White blood cell, IQR: Interquartile range, MPV: Mean platelet volume, CRP: C-reactive protein, RDW: Red cell distribution 
width, RPR: Red cell distribution width to platelet ratio, LOS: Late onset sepsis, SD: Standard deviation

Table 3. Laboratory findings of the subgroups
Gram positive group (n=29) Gram negative group (n=16) p

WBC count (103/µL) [median (IQR)] 12.6 (5.6-21.1) 8.2 (6.2-12.7) 0.2a

Hemoglobin (g/dL) (mean ± SD) 13.1±2.6 11.3±1.3 0.003b

Platelet count (103 /µL) [median (IQR)] 127 (82-257) 17 (8-29) <0.001a

CRP (mg/L) (mean ± SD) 68.4±41.3 108.3±62.6 0.03b

RDW (%) (mean ± SD) 18.2±2.06 21.5±1.4 <0.001b

RPR (%) [median (IQR)] 0.12 (0.06-0.23) 1.3 (0.62-2.75) <0.001a

a Mann-Whitney U test, bStudent’s t-test, WBC: White blood cell, IQR: Interquartile range, MPV: Mean platelet volume, CRP: C-reactive protein, RDW: Red cell distribution 
width, RPR: Red cell distribution width to platelet ratio, SD: Standard deviation
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onset (LOT), after 72 h of life (23). The most frequent 
causes of thrombocytopenia are prematurity, sepsis, 
NEC and asphyxia. In a study, it was demonstrated 
that the mean platelet count in Gram-negative sepsis 
was significantly lower than gram-positive infection 
(23). In another recent study sepsis by Gram-negative 
bacteria was defined as an independent predictor for 
severe thrombocytopenia (24). RPR is a ratio (red cell 
distribution width to platelet ratio) therefore when 
the decrease in platelet count is evident, the RPR rate 
increases. In this study, the RDW value was higher in 
the group with Gram-negative growth than the group 
with Gram-positive growth, while platelet values were 
also significantly lower. Therefore, the RPR rate was 
significantly higher in infants with Gram-negative 
growth. In cases with a high RPR value, Gram-
negative sepsis may be the cause of LOS and the 
empirical treatment plan can be adjusted accordingly.

Study Limitations
There are several limitations of the present study. 

Firstly, the study is a retrospective study accordingly it 
is difficult to explain presumed conclusions. Secondly, 
because of the relatively small sample size, results 
can be misleading. And at last, in addition to CRP, 
procalcitonin which is an important and available 
biomarker in many NICUs, could have been compared 
with RPR. Concerning the strengths of this study, to our 
knowledge, this study is the first study that evaluates 
the association of RPR and LOS, and the results of this 
study can shed light on future prospective studies.

Conclusion
This study defined that RPR is a practical and 

useful predictor to predict LOS in preterm infants. 
In addition, higher RPR values were observed in 
the group with Gram-negative growth compared to 
those with gram-positive growth. These results will 
be essential in the early and adequate management 
of LOS in preterm infants. Future prospective studies 
with large study groups are needed to analyze the role 
of RPR in the prediction of late-onset sepsis.

Ethics
Ethics Committee Approval: An observational 

cohort study was attended at the University of Health 
Sciences Turkey, Bursa Yüksek İhtisas Training 
and Research Hospital between January 2018 and 

2020 upon approval of the study by the Local 
Ethics Committee (approval number: 05-18, date: 
05.05.2021).

Conflict of Interest: No conflict of interest was 
declared by the authors.

Financial Disclosure: The authors declared that 
this study received no financial support.

References
1. Dogan P, Guney Varal I. Red cell distribution width as a predictor 

of late-onset Gram-negative sepsis. Pediatr Int 2020;62:341-6.
2. Dong Y,  Speer CP.  Late-onset neonatal sepsis: recent 

developments. Arch Dis Child Fetal Neonatal Ed 2015;100:257-
63.

3. Karabulut B, Arcagok BC. New Diagnostic Possibilities for Early 
Onset Neonatal Sepsis: Red Cell Distribution Width to Platelet 
Ratio. Fetal Pediatr Pathol 2020;39:297-306.

4. Hibbert J, Strunk T, Simmer K, Richmond P, Burgner D, Currie 
A. Plasma cytokine profiles in very preterm infants with late-
onset sepsis. PLoS One 2020;15:e0232933.

5. Greenberg RG, Kandefer S, Do BT, Smith PB, Stoll BJ, Bell EF, 
et al. Late-onset sepsis in extremely premature infants: 2000-
2011. Pediatr Infect Dis J 2017;36:774-9.

6. Zonnenberg IA, Dijk JV, Dungen F, Vermeulen RJ, Weissenbruch 
MMV. The prognostic value of NIRS in preterm infants with 
(suspected) late-onset sepsis in relation to long term outcome: A 
pilot study. PLoS One 2019;14:e0220044.

7. Alcock G, Liley HG, Cooke L, Gray PH. Prevention of neonatal 
late-onset sepsis: a randomised controlled trial. BMC Pediatr 
2017;17:98.

8. van Maldeghem I, Nusman CM, Visser DH. Soluble CD14 
subtype (sCD14-ST) as biomarker in neonatal early-onset sepsis 
and late-onset sepsis: a systematic review and meta-analysis. 
BMC Immunol 2019;20:17.

9. Ellahony DM, El-Mekkawy MS, Farag MM. A Study of Red 
Cell Distribution Width in Neonatal Sepsis. Pediatr Emerg Care 
2020;36:378-83.

10. Ilhan M, Ilhan G, Gok AF, Bademler S, Verit Atmaca F, Ertekin C. 
Evaluation of neutrophil-lymphocyte ratio, platelet-lymphocyte 
ratio and red blood cell distribution width-platelet ratio as early 
predictor of acute pancreatitis in pregnancy. J Matern Fetal 
Neonatal Med 2016;29:1476-80.

11. Ge W, Xie J, Chang L. Elevated red blood cell distribution width 
predicts poor prognosis in patients with oral squamous cell 
carcinoma. Cancer Manag Res 2018;10:3611-8.

12. Akyuz Unsal AI, Key O, Guler D, Kurt Omurlu I, Anik A, 
Demirci B, et al. Can Complete Blood Count Parameters Predict 
Retinopathy of Prematurity? Turk J Ophthalmol 2020;50:87-93.

13. Hu ZD, Lippi G, Montagnana M. Diagnostic and prognostic 
value of red blood cell distribution width in sepsis: A narrative 
review. Clin Biochem 2020;77:1-6.

14. Ozer Bekmez B, Tayman C, Buyuktiryaki M, Cetinkaya AK, 
Cakir U, Derme T. A promising, novel index in the diagnosis 
and follow-up of patent ductus arteriosus: Red cell distribution 
width-to-platelet ratio. J Clin Lab Anal 2018;32:e22616.

15. El Manouni El Hassani S, Berkhout DJC, Niemarkt HJ, Mann 
S, de Boode WP, Cossey V, et al. Risk Factors for Late-Onset 



Doğan et al. Early Predictor of Late-Onset Sepsis      33

J Curr Pediatr 2022;20:27-33

Sepsis in Preterm Infants: A Multicenter Case-Control Study. 
Neonatology 2019;116:42-51.

16. Khattab AA, El-Mekkawy MS, Helwa MA, Omar ES. Utility of 
serum resistin in the diagnosis of neonatal sepsis and prediction 
of disease severity in term and late preterm infants. J Perinat Med 
2018;46:919-25.

17. Montaldo P, Rosso R, Santantonio A, Chello G, Giliberti P. 
Presepsin for the detection of early-onset sepsis in preterm 
newborns. Pediatr Res 2017;81:329-34.

18. Odabasi IO, Bulbul A. Neonatal sepsis. Sisli Etfal Hastan Tip Bul 
2020;54:142-58.

19. Levit O, Bhandari V, Li FY, Shabanova V, Gallagher PG, Bizzarro 
MJ. Clinical and laboratory factors that predict death in very low 
birth weight infants presenting with late-onset sepsis. Pediatr 
Infect Dis J 2014;33:143-6.

20. Benitz WE. Adjunct laboratory tests in the diagnosis of early-
onset neonatal sepsis. Clin Perinatol 2010;37:421-38.

21. Ng PC, Lam HS. Diagnostic markers for neonatal sepsis. Curr 
Opin Pediatr 2006;18:125-31.

22. Kurul S, Simons SHP, Ramakers CRB, De Rijke YB, Kornelisse 
RF, Reiss IKM, et al. Association of inflammatory biomarkers 
with subsequent clinical course in suspected late onset sepsis in 
preterm neonates. Crit Care 2021;25:12.

23. Resch E, Hinkas O, Urlesberger B, Resch B. Neonatal 
thrombocytopenia-causes and outcomes following platelet 
transfusions. Eur J Pediatr 2018;177:1045-52.

24. Ribeiro RP, Flor-De-Lima F, Soares H, Rocha G, Guimaraes H. 
Prevalence, risk factors and predictors of severity of neonatal 
thrombocytopenia in neonatal intensive care units: a single center 
study. Minerva Pediatr 2019.


