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Background: Late onset neutropenia (neutropenia after 3 weeks of life) may
be a physiological condition without need to prescribe antibiotics, G-CSF, or
IVIG. We aimed to determine the association between sepsis and late onset
neutropenia in very low birth weight (<1500 gm) infants.
Methods: This study was a cross-sectional prospective study in VLBW infants
that were admitted in Mahdieh Hospital in Tehran/Iran. Complete blood count
(CBC) was drawn at first day of admission and then weekly intervals until
discharge from the hospital. In cases with neutropenia, CRP and blood cultures
were assessed and correlation between clinical sepsis or positive blood culture
and CRP with neutropenia was evaluated.
Results: 219 VLBW infants during a period of 11 weeks were studied with serial
weekly CBCs. 128 (58%) neonates had normal neutrophil counts, 91 (41.6%) had
neutropenia, of which 28 (30.7%) had late onset neutropenia. Mean level of WBC
was 5033.07±2037.57 cells/mm3 and mean level of ANC was 1757.75±944.32
cells/mm3. Positive blood culture at first week of life had significant correlation
with neutropenia (P=0.001), but there was no significant correlation between
late onset neutropenia and positive CRP (P=0.861), clinical symptoms of sepsis
(P=0.5) and bacteremia (P=0.861). There was significant correlation between
anemia (P<0.001) and IVH (P<0.007) without any significant correlation with
asphyxia (P<0.223) and IUGR (P<0.123) with late onset neutropenia.
Conclusion: VLBW infants admitted to the NICU with late onset neutropenia
without symptoms of sepsis do not need any intervention and close observation
with follow-up would be the most appropriate approach.
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Introduction
Preterm births account for 11% of deliveries worldwide.1
Almost 1.5-2% of the neonates are born as VLBW (birth
weight less than 1500 grams.2 Neutropenia defined as
absolute neutrophil count (ANC) <1500 cells/mm3 affects
6-58% of VLBW infants.3 Early onset neutropenia
(during the first two weeks of life) may be accompanied
with maternal preeclampsia, sepsis, hypoxic-ischemic
encephalopathy (HIE) and intraventricular hemorrhage
(IVH).4 Late-onset neutropenia means neutropenia
16

at a postnatal age of more than 3 weeks that can be
accompanied by neonatal late-onset sepsis or druginduced neutropenia due to prolonged use of antibiotics or
may be seen as a developmental physiological condition
in bone marrow of preterm infants.5
Neutropenia and sepsis traditionally are suggested to
have a cause and effect relationship with each other.
Neutropenia and abnormal immature to total WBC
ratio (I/T ratio) can be used as an early and sensitive
laboratory test for diagnosis of sepsis.6 Since neonatal
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sepsis can be fulminant and accompanied with high rate
of morbidity and mortality, especially in preterm and
VLBW infants, both over diagnosis and over treatment
may be observed in many NICU units.7, 8 In most cases
of neonatal neutropenia, administration of antibiotics
and G-CSF or IVIG for treatment of neutropenia and
associated sepsis are administered.
Studies have shown that late onset neutropenia may
be a benign type of bone marrow depletion without
any association with fulminant sepsis,9 thus the use
of broad-spectrum and prolonged antibiotics in this
conditions seems unreasonable and this approach may
prolong hospital stay, increase microbial resistance due to
more antibiotic usage and exposes the families to high cost
of admission. There is some evidence for an association
between hypoxic-ischemic encephalopathy (HIE),
intraventricular hemorrhage (IVH) and intrauterine
growth retardation (IUGR) with neonatal neutropenia.10
Hematologic disorders are one of the most common
problems of preterm infants in NICUs.11 Neutrophil
development begins early in second trimester of
pregnancy and continues until the term. Preterm delivery
could be followed by defects in the maturation of fetal
neutrophils and hence increases the risk of life-threatening
infections in preterm neonates. There are some various
developmental defects in preterm babies such as disorders
in the ability of neutrophils to pass across the endothelial
barrier and abnormalities in chemotaxis, respiratory
burst, and degranulation.12 Anemia, thrombocytopenia
and neutropenia all can complicate the neonatal course
of infancy, although physiologic changes of bone marrow
activity without any association with pathologic conditions
can cause physiologic events such as physiologic anemia
and benign late-onset neutropenia.13
The aim of this research was to determine the
incidence of neutropenia and concurrent anemia and
thrombocytopenia in VLBW infants in NICU of Mahdieh
Hospital. In addition, the association between late onset
neutropenia and neonatal sepsis and other variables
including HIE, IUGR, IVH and anemia of prematurity
were the other objectives in the studied population.
Materials and Methods
This study was carried out as a cross-sectional
observational prospective study in VLBW infants
admitted in Mahdieh hospital in August-November 2015,
a maternity center with 4000-5000 delivery annually with
a 3% rate of VLBW delivery annually. The research was
approved by the institutional review board of the Shahid
Beheshti University of Medical Sciences and written
consent was obtained from parents. All VLBW infants
with birth weight <1500 gm and gestational age less than
32 weeks were enrolled into the study.
Complete blood count of the neonates was drawn at
first day of admission and then in weekly intervals until
8 weeks or at the time of discharge from the hospital.
In cases with clinical signs and symptoms suggestive
of sepsis or neonates with neutropenia (regardless of
clinical symptoms), CRP and blood cultures were also
analyzed. In sick neonates with clinical symptoms of
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sepsis and in patients with positive blood culture and
bacteremia, lumbar puncture was performed additionally.
The correlation between clinical sepsis or positive blood
culture and CRP with neutropenia was analyzed.
Neutropenia was defined as absolute neutrophil count
<1500 cells/mm3, late-onset neutropenia as neutropenia
after first 3 weeks of life, leukopenia as leukocyte count
<5000 cells/mm3, thrombocytopenia as platelet count
<150,000/ mm3, anemia as hemoglobin <10 gm/dL or
lower than 2 SD for gestational age and positive CRP when
it was higher than 6 mg/dl. Variables such as gestational
age, birth weight, sex, IUGR (birth weight lower than 10%
for gestational age), IVH (recognized by brain ultrasound
study), HIE (based on clinical symptoms of hypoxicischemic encephalopathy) and anemia of prematurity in
late neutropenia were analyzed in our study.
Data were analyzed with SPSS (statistical package for
the social science, Chicago, IL) software version 22.
Quantitative and qualitative variables were described
with mean±SD and frequency (percent), respectively.
Repeated measure analysis variance and Pearson
correlation test were used for data analysis. Test of
normality was done with Shapiro-Wilks. P value<0.05
was considered statistically significant.
Results
During the study period, 219 VLBW infants were
admitted in NICU. Among this population, 128 (58%)
had normal leukocyte counts (5000-20000), 91 neonates
(41.6%) had neutropenia and 28 (30.7%) had late-onset
neutropenia. One hundred thirty-three (61%) were male
and eighty-six (39%) were female. Mean level of WBC,
hemoglobin, platelets, and ANC were: 10430.36/mm3,
9.97 g/dl, 265000/mm3, and 5038/mm3, respectively.
Mean level of WBC in group of neonates with lateonset neutropenia was 5033.07±2037.57/mm3 and mean
level of ANC was 1757.75±944.32/mm3. Apgar score at
1 and 5 minutes were less than 7 in 50% and 32.1%,
respectively in late-onset neutropenia. 8 neonates (30.8%)
had symptoms suggestive of HIE, 8 (30.8%) were IUGR
and 4 (14.3%) developped IVH. Anemia was observed
in 24 neonates (88.8%) with late-onset neutropenia.
There was an association between anemia (P<0.001) and
IVH (P<0.007) with late-onset neutropenia; however,
association between late-onset neutropenia with HIE
(P<0.223) and IUGR (P<0.123) was not observed. There
was not any significant association between positive CRP
and clinical symptoms of sepsis with neutropenia except
in the first week of life which positive blood culture had
a significant correlation with neutropenia (P=0.001). In
addition, there was not any significant correlation between
positive CRP (P=0.861), clinical symptoms of sepsis
(P=0.5) and bacteremia (P=0.861) (Table 1). There was a
significant correlation between anemia of prematurity and
neutropenia in our study which with increasing postnatal
age, this correlation was more meaningful.
Discussion
One of the most common complications of prematurity
is the occurrence of septicemia. Due to the prolonged
17
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Table 1: Correlation between neutropenia and signs and symptoms of sepsis
Age
CRP
+
P value +
At Birth
ANC<1500
3
1
0.054
4
ANC>1500
14
0
14
1st Week
ANC<1500
5
1
0.516
3
ANC>1500
9
4
6
2 nd Week ANC<1500
1
0
0.439
0
ANC>1500
8
5
3
3 rd Week ANC<1500
3
1
0.861
1
ANC>1500
12
5
5
4th Week
ANC<1500
2
0
0.121
1
ANC>1500
4
6
5
5th Week
ANC<1500
1
2
0.416
1
ANC>1500
6
4
4
6th Week
ANC<1500
1
1
0.427
0
ANC>1500
4
1
3
7th Week
ANC<1500
2
0
0.495
2
ANC>1500
4
1
1
8th Week
ANC<1500
2
1
0.709
2
ANC>1500
1
1
2

admission of a preterm infant in the hospital and the
necessity of various manipulations, sepsis (consisting of
early or late onset) can complicate the course of admission
of the neonates in NICU.14 Neutropenia in this population
can be associated with maternal hypertension, sepsis,
HIE and IUGR and is usually associated with clinical
symptoms of respiratory distress syndrome or sepsis
in neonates in first days of life, so that prescription of
antibiotic and adjuvant therapies such as G-CSF and IVIG
seems reasonable.15, 16
Considering that the neutropenia necessarily doesn’t
associate with sepsis, we this study to determine the
association between late-onset neutropenia and signs and
symptoms of septicemia in VLBW infants. The results of
our study didn’t show any significant correlation between
late-onset neutropenia with clinical symptoms of sepsis,
bacteremia and increased CRP. In a study by Omar and
colleagues 22 % of 225 VLBW neonates had late-onset
neutropenia without any association with signs and
symptoms of sepsis and other problems such as nutritional
and growth impairment.4
In agreement with the results of our study, Vetter-Laracy
founded that 259 out of 401 neonates (65%) had late-onset
neutropenia, while the rate of septicemia in neutropenic
and non-neutropenic infants was similar (49% vs 47 %, P:
0. 674).9 Another research in 2006 showed that 6–58% of
preterm infants had low blood neutrophil counts at least
once during their hospital stay.17 In our study, 41.6% of
neonates had neutropenia in course of their admission
in NICU.
According to few studies, since most common
causes of neutropenia in NICU units are due to other
underlying disorders but sepsis, it could be concluded
that little diagnostic evaluations even in cases with
moderate to severe neutropenia is required.18 In parallel
to our study, Vetter-Laracy et al. reported that late-onset
neutropenia was associated with IVH. This association
18

Blood Culture
P value +
2
0.423
3
4
0.0001*
8
1
0.676
17
3
0.975
14
3
0.807
11
3
0.888
10
4
0.31
8
3
0.31
6
2
0.277
5

Clinical Symptoms
P value
6
0.6
17
7
0.2
14
1
0.05
20
4
0.5
19
4
0.1
16
4
0.3
14
4
0.5
11
5
0.3
7
4
0.5
7

was clinically significant in our study (P<0.007). In a
study by Juul on 2038 neonates, 67% had normal range
of neutrophil counts and 14% of them had neutropenia at
some time during their hospital course. The prevalence
of neutropenia was decreased with increasing postnatal
age; 69% of neutropenia in the first week of life was
observed in infants of mothers with pregnancy-induced
hypertension.19 The median age of neutropenia in VLBW
infants in this research was 6 weeks, similar to our study
that the nadir of ANC was seen in 7-8 weeks of life.
The strength of our research was the relatively prolonged
(8 weeks) follow up of VLBW patients in NICU, whereas
its limitation was low sample size of the patients especially
neonates with late-onset neutropenia. Another limitation
of our study was lack of follow up of preterm neonates
after discharge from the hospital for determining the final
course of neutrophil count.
Conclusion
We conclude that in VLBW infants with late-onset
neutropenia without signs and symptoms of sepsis,
close observation and follow up could be suggested as
a preferred approach, although future researches with
larger sample size and randomized control trials using
antibiotics or other supportive measures such as G-CSF
or IVIG are required.
Acknowledgment
Authors of this manuscript have special thanks to the
staff of Mahdieh hospital neonatal intensive care unit.
Conflict of Interest: None declared.
References
1. Tehranian N, Ranjbar M, Shobeiri F .The prevalence
rate and risk factors for preterm delivery in Tehran,
Iran. J Midwifery Report Health. 2016; 4(2):600-4.
IRANIAN JOURNAL OF BLOOD AND CANCER

Late-onset neutropenia and sepsis in preterm infants

doi: 10.22038/JMRH.2016.6605.
Afjeh SA, Sabzehei MK, Fallahi M, Esmaili
F.Outcome of very low birth weight infants over 3
years. report from an Iranian center. Iran J Pediatr.
2013; 23(5):579-87. PubMed PMID: 24800021.
PubMed Central PMCID: PMC4006510.
3. Maheshwari A. Neutropenia in the newborn. Curr
Opin Hematol. 2014; 21(1): 43–49. doi:10.1097/
MOH.0000000000000010. PubMed PMID:
24322487. PubMed Central PMCID: PMC3904675.
4. Omar SA, Salhadar A, Wooliever DE, Alsgaard PK.
Late-onset neutropenia in very low birth weight
infants. Pediatrics. 2000; 106(4):E55. PubMed PMID:
11015550.
5. Proytcheva MA. Issues in neonatal cellular analysis.
Am J Clin Pathol. 2009 Apr; 131(4):560-73. doi:
10.1309/AJCPTHBJ4I4YGZQC. PubMed PMID:
19289592.
6. Hornik CP, Benjamin DK, Becker KC, Benjamin DK
Jr, Li J, Clark RH, et al. Use of the complete blood
cell count in early-onset neonatal sepsis. Pediatr
Infect Dis J. 2012; 31(8):799-802. doi: 10.1097/
INF.0b013e318256905c. PubMed PMID: 22531231.
PubMed Central PMCID: PMC3399972.
7. Radfar M, Fallahi M, Kazemian M, Borhani S. A
comparative evaluation of microbial pattern and
antibiotic susceptibility in a level iii nicu between
two decades. Arch Pediatr Infect Dis. 2017; 5 (2);
e39299. doi: 10.5812/pedinfect.39299.
8. López S, Wong Y, Urbina L, Gómez I, Escobar F,
Tinoco B, et al . Quality in practice: preventing and
managing neonatalsepsis in Nicaragua. Int J Qual
Health Care. 2013; 25(5):599-605. doi: 10.1093/intqhc/
mzt060. PubMed PMID: 23962992.
9. Vetter-Laracy S, Balliu PR, Salinas JA, Duran MA.
Late-onset neutropenia: defining limits of neutrophil
count in very low birth weight infants. J Perinatol.
2014; 34(1):22-6. doi: 10.1038/jp.2013.111. PubMed
PMID: 24030676.
10. Christensen RD, Yoder BA, Baer VL, Snow GL, Butler
A.. Early-onset neutropenia in small-for-gestationalage infants. Pediatrics. 2015; 136(5):e1259-67. doi:
10.1542/peds.2015-1638. PubMed PMID: 26459642.

Downloaded from ijbc.ir at 20:23 +0330 on Wednesday November 14th 2018

2.

Volume 10 | Issue 1 | March 2018

11. Mosayebi Z, Nariman SH, Hosseini L, Movahedian
A. Evaluation of laboratory disorders in admitted
neonates in NICU who were born to preeclamptic
mothers. Journal of Comprehensive Pediatrics. 2013;
4(4): 194-9. doi: 10.17795/compreped-12755.
12. Chandra SH, Haines H, Michie C, Maheshwari A.
Developmental defects in neutrophils from preterm
Infants. NeoReview. 2007; 8(9): e368–e376. doi:
10.1542/neo.8-9-e368.
13. Kett JC. Anemia in infancy. Pediatr Rev. 2012; 33(4):
186-7. doi: 10.1542/pir.33-4-186. PubMed PMID:
22474117.
14. Noori Sanami M, Radfar M, Shirvani F, Nabavi
M, Gachkar L. Candida colonization in low birth
weight and very low birth weight infants in a neonatal
intensive care unit. Arch Pediatr Infect Dis. 2015;
3(4): e21234. doi: 10.5812/pedinfect.21234.
15. Manzoni P. Hematologic aspect of early and lateonset sepsis in preterm infants. Clin Perinatol. 2015;
42(3):587-95. doi: 10.1016/j.clp.2015.04.012. PubMed
PMID: 26250919.
16. Park YH, Lee GM, Yoon JM, Cheon EJ, Ko KO, Lee
YH, et al. Effect of early postnatal neutropenia in
very low birth weight infants born to mothers with
pregnancy-induced hypertension. Korean J Pediatr.
2012; 55(12):462-9. doi: 10.3345/kjp.2012.55.12.462.
PubMed PMID: 23300501. PubMed Central PMCID:
PMC3534159.
17. Christensen RD, Henry E, Wiedmeier SE,
Stoddard RA, Lambert DK. Low blood neutrophil
concentrations among extremely low birth weight
neonates: data from a multihospital health-care
system. J Perinatol. 2006; 26(11):682–7. PubMed
PMID: 17036034.
18. Del Vecchio A, Christensen RD. Neonatal
neutropenia: what diagnostic evaluation is needed
and when is treatment recommended? Early Hum
Dev. 2012; 88 Suppl 2:S19-24. doi: 10.1016/S03783782(12)70007-5. PubMed PMID: 22633505.
19. Juul SE, Haynes JW, McPherson RJ. Evaluation of
neutropenia and neutrophilia in hospitalized preterm
infants. J Perinatol. 2004; 24(3):150-7. doi: 10.1038/
sj.jp.7211057. PubMed PMID: 14973510.

19

