










DISCUSSION

Neutropenia is classically defined as
a blood neutrophil concentration ,2
SDs of the appropriate reference-
population mean.21,22 However,
problems arise in applying this
definition to newborn infants. First,
the normal rise in neutrophil counts
during the first day after birth would
indicate that neonates who are 6 to
12 hours old are neutropenic with
counts as high as 5000/mL, and

between the second and fourth days
after birth, counts ,3000/mL would
be termed neutropenic.22,23 It seems
very unlikely to us that neutrophil
counts as high as 3000 to 5000/mL
would constitute a host defense
deficiency, even if those counts are
statistically abnormally low. Perhaps
a more clinically meaningful
definition of neonatal neutropenia
would be a neutrophil count
sufficiently low to cause an

antibacterial host-defense deficiency,
but that condition is difficult to
recognize precisely. In fact, the risk of
infection imparted by neutropenia is
a complex issue, being influenced not
only by the neutrophil count, but also
by the duration of the low count,21

the size of the marrow neutrophil
storage pool,24 neutrophil function,21

and the underlying cause of the
neutropenia.21

Because of these complexities, rather
arbitrary definitions for neonatal
neutropenia have been used. One
such definition is a count ,1500/mL,
but it is not clear that counts in the
1000 to 1500/mL range impart any
significant host defense
deficiency.25,26 We desired, in the
present analysis, to select
a biologically meaningful definition of
neutropenia, and chose the definition
of a count ,1000/mL typically used
in older children and adults.7,21 We
realized before beginning our study
that by selecting this definition, our
proportion of neonates with
neutropenia would be much lower
than in all previous reports that
defined neutropenia using higher
cutoff values. Using this definition, we

FIGURE 4
Blood neutrophil concentrations (mean and SD) during the first 4 days after birth among 4 groups of NICU admissions: (1) SGA but no eclampsia or
preeclampsia (PE); (2) PE but not SGA; (3) both SGA and PE; and 4) neither SGA nor PE. n = 100 in each group.

FIGURE 5
Among 2981 SGA neonates, NRCB count (/mL) at birth is compared with lowest neutrophil count
recorded in the first 3 days after birth. Individual values are shown as points, and a trend line is
shown with a solid line (I = 0.262, P , .001).
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found neutropenia in 6% of SGA
neonates versus 1% of matched non-
SGA controls. Six of the 207
neutropenic SGA neonates had other
conditions that likely could have
generated early neutropenia.
Excluding these 6 neonates from
further analysis, we labeled 201 as
having the neutropenia of SGA. We
found that their low neutrophil
counts remained rather unchanged
during the first 4 days after birth and
then increased into the normal
reference range by day 7 to 9. We
recognize a potential problem in
applying our neutrophil counts to
other published values. Our hospitals
are at altitudes ranging from 2661 to
4649 feet (881 to 1417 m) above sea
level. We previously reported that our
reference intervals have a lower
border (5th percentile) similar to
counts reported at sea level,23 but
ours have a much higher upper
border (95th percentile).22 The
reasons for this difference, and the
effect on applicability to other data,
remain unknown.

In a previous study, we confirmed
that thrombocytopenia is more
common in SGA neonates than in
matched non-SGA controls.16 We
found that the thrombocytopenia of
SGA was more severe in neonates
with the most severe growth

restriction (birth weight less than
first percentile) than in those with
moderate or mild growth restriction
(first to 10th percentile). However, we
did not see that same pattern in
neutrophil counts in the current
study.

We speculate that the neutropenia of
SGA is due to reduced neutrophil
production, not accelerated
neutrophil utilization or destruction.
This speculation is based on the
normal I/T ratios. The neutropenia
resulting from accelerated neutrophil
usage or destruction (eg, sepsis,
alloimmune) is typically accompanied
by a left shift.8,9,23,27–29

Several previous studies reported
that neutropenia associated with
either maternal hypertension or SGA
resulted in an elevated risk for
subsequently developing
LOS.1,28,30–33 However, other studies
did not find that association.25,26

Using a regression analysis focused
on those with a neutrophil count
,1000/mL, our data suggest that this
variety of early neutropenia is
associated with a 4-fold increased
risk for the development of NEC, and
this was the case for the subgroups
weighing $1500 g and ,1500 g at
birth. However, although univariate
analysis also suggested a higher risk

of LOS, this association was explained
by other variables, particularly
gestational age. In concordance with
our findings, Ree et al reported that
SGA neonates were .2-fold more
likely to develop NEC than
appropriate for gestational
age–matched controls.34 Luig et al
also found a relationship between
SGA and a risk of NEC, but reported
that maternal hypertensive disorders
of pregnancy were associated with
a reduced risk for NEC.35 Our
findings suggest that the subset of
SGA infants with neutropenia are at
greater risk for NEC than the entire
group of SGA neonates. The
mechanism by which the NEC risk
occurs is not known. It might not be
due to the early neutropenia per se,
but could result from other
immunologic or morphologic
abnormalities that accompany the
neutropenia of SGA.36,37 For instance,
perhaps the intestine is more severely
injured among the subset of SGA
neonates who develop neutropenia
than among the SGA neonates who
maintain normal neutrophil counts.
Additional work is needed to clarify
this issue.

Our studies .20 years ago suggested
to us that an inhibitor of neutrophil
production was present in the
placentas of women with
preeclampsia, and the resolution of
neonatal neutropenia was the result
of removing that source of inhibitor at
birth.30 This issue remains
unresolved, but the fairly consistent
resolution of neutropenia in 6 to 7
days seems consistent with the
elimination of an inhibitor at birth.
Tsao et al posed the alternative
hypothesis that neutropenia of SGA
could be the result of inadequate fetal
G-CSF production.38 This is a rational
alternative explanation, but it seems
to us that if G-CSF production were
defective in utero and then
reestablished after birth, it might take
much longer to generate neutrophils
than would the immediate release of
an inhibitor from an otherwise ready-
to-go system.

TABLE 2 Associations Between Early Neutropenia (,1000/mL) and Subsequent Development of
Either NEC or LOS in 3644 SGA Neonates

Factor n NECa LOSb

SGA and neutropenia 201 19 (9.5) 56 (27.9)
SGA and neutropenia ,1500 g 170 15 (8.8) 53 (49.5)
SGA and no neutropenia 3443 69 (2.0) 161 (4.7)
SGA and no neutropenia ,1500 g 501 23 (4.6) 43 (8.5)
Univariate analysis,

SGA and neutropenia vs
SGA and no neutropenia, P

,.0001 ,.001

Univariate analysis
SGA ,1500 g and neutropenia
vs SGA ,1500 g and no
neutropenia, P

.039 ,.001

Regression analysis,
SGA neutropenia vs
SGA no neutropenia
OR (95% CI) 4.01 (2.08–7.35) 1.44 (0.73–2.61)
P ,.001 .342

Data are expressed as n (%) unless noted otherwise.
a Bell stage $2.
b Blood culture–positive bacterial sepsis diagnosed .3 days after birth.
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Our previous study on
thrombocytopenia in SGA neonates16

and the present work suggest to us
that the neutropenia and
thrombocytopenia associated with
SGA are more directly linked with
fetal growth restriction than with
maternal hypertension. This
conclusion is also the one reached by
Wirbelauer et al, namely that it is SGA
status, not high maternal blood
pressure, that is associated with
neonatal neutropenia.11 In fact, we
suggest that what has been termed
neutropenia of pregnancy-induced
hypertension and thrombocytopenia
of pregnancy-induced hypertension
might more properly be called
neutropenia of SGA and
thrombocytopenia of SGA.

The value of administering IVIG and/
or rG-CSF to neonates with
neutropenia of SGA remains
unproven, but from our present
analysis, a substantial benefit is
unlikely. Although IVIG was given to
9% of our neonates, rG-CSF was given
to 5%, and both were given to 2%, we
were unable to identify a benefit. A
review by Ohlsson and Lacy
concluded that administering IVIG to
low birth weight neonates reduces
their odds of developing LOS, but only
by about 3%.39 LaGamma and
colleagues32,40 and Ahmad et al41

convincingly demonstrated that
administering rG-CSF to neutropenic
neonates increases their circulating
neutrophil counts, but Carr et al
found no evidence that prophylactic
administration of rG-CSF or rGM-CSF
to very low birth weight neonates
reduces their odds of subsequently
developing a late-onset infection.42

Whether neonates with neutropenia
of SGA would derive any protection
from NEC from treatment with IVIG
or rG-CSF is unknown and cannot be
concluded from these studies,
because the numbers treated with
IVIG or rG-CSF were so small.
However, even if no medications can
currently be identified as preventing
NEC in these patients, it seems
conceivable to us that just the

awareness that these neonates are at
increased risk could be of some value
in their daily care and expectant
management.
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ABBREVIATIONS

CBC: complete blood count
CI: confidence interval
I/T ratio: immature to total

neutrophil ratio
IVIG: intravenous immunoglobulin
LOS: late-onset sepsis
NEC: necrotizing enterocolitis
NRBC: nucleated red blood cell

count
OR: odds ratio
rG-CSF: recombinant granulocyte

colony-stimulating factor
SGA: small for gestational age

REFERENCES

1. Koenig JM, Christensen RD. Incidence,
neutrophil kinetics, and natural history
of neonatal neutropenia associated with
maternal hypertension. N Engl J Med.
1989;321(9):557–562

2. Engle WD, Rosenfeld CR. Neutropenia in
high-risk neonates. J Pediatr. 1984;
105(6):982–986

3. Davies N, Snijders R, Nicolaides KH. Intra-
uterine starvation and fetal leucocyte
count. Fetal Diagn Ther. 1991;6(3-4):
107–112

4. Juul SE, Haynes JW, McPherson RJ.
Evaluation of neutropenia and
neutrophilia in hospitalized preterm
infants. J Perinatol. 2004;24(3):150–157

5. Ozyürek E, Cetintaş S, Ceylan T, et al.
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