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Hematologic scoring system in early diagnosis of
sepsis 1n neutropenic newborns

RUBYN L. RODWELL, FAIMS, PHD, KERRY MCD. TAYLOR, MBEE, FHAUP, FRCPA,
DAVID . TUDEHOPE, MEES, FRACP AND PETER H. GRAY, MD. FRCPI, DCH

The hematologic profiles of 1000 newborns
were prospectively examined to identify infants
with neutropenia (N = 170) according to the
system of Manroe et al. (J Pediatr 1979;95:89-
B8) and to evaluate a hematologic scoring sys-
tem (Rodwell et al, J Pediatr 1988;112:761-7)
as a scroening test for sepsis. Neutropenia was
more commonly of noninfeclious than infectious
origin (B3.5% ws. 18.6%; P < 0.001). On the
initial test a positive screen (scores =3) identi-
fied 26 of 28 infants with sepsis or probable
infection (sensitivity 93%; specificity 82%:; pos-
itive and negative predictive values 50 and DR,
respeetively). Corresponding values for an ele-
vated immature:total neutrophil ratio were 100,
706, 43 and 100%, Overall morlality with neu-
tropenia was 15% and was higher with an infec-
tious than a noninfectious etiolopy (39% uvs.
11%, P < 0.001) despite early antibiotic ther-
apy. The comhination of a neutrophil count
=b00/mm® and scores =3 or an elevated imma-
tureitotal neutrophil ratio identified o poor
prognostic group: 67% (8 of 12) and 70% (7 of
10) infants, respectively, with these findings
died, 6 in the infected group. The hematologic
scoring system or immature:total nentrophil ra-
tio in combination with the degree of neutro-
penia provides valuable diagnostic and prognos-
tic information which could be applied to iden-
tification of possible candidates for granulocyte
transfusions or other experimentsl treatments.

INTRODUCTION

The management of neutropenic newborns may
pose 8 serious clinical dilemma. In the majority of
cases neulropenia iz of neninfectious etinlogy and
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warTAnts conservative management.™ ® In contrast
neutropenia of infectious origin may represent deple-
tion of the neutrophil bone marrow storage pool
{(NBMSP) for which early diagnosis and aggressive
therapy are ecritical for survival* * The degree of
neutropenia does not correlate with the depletion of
the NBMSP* * and in a recent study the imme-
ture:total neutrophil (LT) ratio was of no value in
identification of infants with soepsis.' A hematologic
seoring system (HSS) has been used in our neonatal
unit for some years as a screening test for sepsis.™*
This prospective study examines the value of the
HSS in the early diagnosis of sepsis in neutropenic
newhorns. The performance of an elevated T:T ratio
which is more widelv used as an indicator of neonartal
sepsis 1s also presented. Other issues of practical im-
portance are addressed including the frequency of
neutropenia, the associated factors and ocutcome.

MATERIALS AND METHODS

Study population. This prospective study carried
out between January 1, 1985, and April 16, 1989 was
approved by the Ethics Committee of the Mater Mis-
ericordiae Hospital, Brishane. Parental consent was
not required. Elipibility criteria for inclusion were: (1)
Lhe performance of 2 complete blood count (CBC) and
zepsis work-up in the first 24 hours of life; and (2)
neutropenia as defined by the neutrophil reference
ranges of Manroe et al.” In our unit infants undergo a
sepsls work-up, which includes a CBC, peripheral
blood culture, zastric aspirete microscopy and culture
and eultures from superficial sites if Lthere are clinical
signs of infection or predizposing perinatal faciors for
infection.® Further tests are performed as indicated.
The study population of 1000 infantz included 453
preterm with a mean pestational age of 31.64 + 3.13
(s} weeks (range, 25 to 36 weeks) and 5345 term
infants with a mean gestational age of 39.65 + (.83
weeks. Infants in the study were examined by a neo-
natal registrar or consultant. Details regarding predis-
posing perinatal factors and clinical assessment of Lhe
negnate were recorded on & data acquisition sheet.
Uther clinical and therapeutic detatds (therapy was
given at the discretion of the attending physician) and
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ratinlegic, microbiologic, hematologic and postmor-
tem data where relevant on the mother-infant pairs
were retrospectively collected from laboratory and
palient records,

Hematologic investigations. The majority of
blood semples were collected by heel stick puncture;
the remainder were collected by umbilical artery cath-
eter or peripheral venipuncture. The CBCs were per-
formed by the staff of the clinical laboratory on &
Coulter 3 plus TV ¢ounter (Ceulter Electronics, Hi-
aleah, FL}; the white blood cell counts were subse.
guently corrected for the presence of nucleated red
blood cells: and scores were generated by a computer
program incorporated Into the differential station and
main frame pathology computer as described previ-
ously.” ® The HSS allocates a score of 1 for each of
seven abnormalities as shown in Table 1. Scores =3
are considered a positive test. The duration of neutro-
penia was defined as the time period between the
initial test and the second of two successive normal
tests.! Testing on neutropenic infants was performed
twice on the first day of life and daily thereafter,

Designation infection and clinical status. In-
fants were classified in a hierarchal fashion such that
they were asaigned to the first applicable group or
subgroup. Infants were first grouped as infected or
noninfected. The infected group was subdivided into
two subgroups: sepsis (clinical evidence of sepsis and
positive blood or cerebrospinal fluid cultures ar poat-
mortem evidence of infection); and probahble infection
telinical signs of sepsis, a radiograph consistent with
infection, negutive cultures, maternal choricamnioni-
Lis treated with antibiotic therapy and in 2ome cases
positive urine latex test for Group B Slreptocnccus
(GBS). The noninfected group was subdivided inta
four subgroups sccording to documented facrors as-
sociated with neutropenia: possible infection (intra-
partum antibioric therapy, histologic and clinieal cho-
ricamnionit:s and a bealthy infant given antibiotie

TABLE 1, Derivation of hematologic scores sccording 1o
the hematologic scoring system®

Abnormality Scure
LT ratint T 1
Tocal PMN counrtd Loct 1
LM ratio =1 1
Imroatura FMM coomtt ] 1
Toral WEC eotnt | or t =500 mm® ar 1
=25 00, 30 000 end
21000/ me” at
rih, 12-2& hours
and Day 2 onward,
rEspactively)
Degenerative changes in PMNet =54 for vacuolsstun, 1
Toxie granalation o
Dhihile Twondies
Platelet couni =150 000/ me? 1

*Tazen from Feference § with permisercn fom the pullisber

1 Morma ewlises s defined by reference camges of Manzos ot sl

3 I oo mesture PMING are zsen on bleod filem, seaes 2 serher than | for abocrmal ol
MM cranl,

§ Wanorifisd on 0 be 4+ seale serording o clems Aetion of Ty st ol ¥

Mk (), pelymorphammdens leukooteinl W shite hinad =70
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cover): severs maternal pregnancy-induced hyperten-
sion (PIH)* ™ ' (diastolic pressure >110 mm Hg an
two occasions =6 hours apart)'; birth asphyxia® 7
iApgar score <6 st  minutes after birth and/or aci-
dosish; or other, which included she remaining infants:

Statistieal analysis. Data were analyzed by Stu-
dent ¢ test, chi square test or Fisher exact test. P <
0.05 was considered significant. Sensitivity, specificity
and positive and negative predictive values were (le-
termined to examine the performance of hematologic
findings as predictors of infection,

RESULTS

Seventeen percent (170 of 10000} of the infants wers
neutropenic and the frequency was significantly (P <
0,001) higher in preterm than term infants (35% (158
of 438) vs. 2% (12 of 648)). The study population of
1000 infants was stratified sccording to the presence
or absence of neutropenia to compare the mode of
delivery and demographic data. There were no signif-
icant differences between the two groups for mode of
delivery or sex of the infant. Neutropania was signif-
icantly associated (P < 0.001) with prematurity, birth
weight <2000 g and multiple gestation {Tahle 2).

Neutropenia was more commuanly of noninfectious
than infectious origin 83.5% (142) vs. 16.5% (28], P <
(.001. The frequency of thrombocytapenia (platelet
count <150000/mm’) did not differ significantly be-
tween the noninfected and infected neutrapenic in-
fants 10% (14 of 142) vs. 14% (4 of 28), respectively.
Median postnatal age at the time of testing for both
the noninfected and infected groupes was 1 hour. Tahle
3 shows the number of infants in each subgroup and
the percentage that each comprises of the neutropenie
population. Both ohstetrie (Table 3) and neonatal
(Talile 4) complications (aften multiple) were common
in the neutropenic infants. Premature rupture of the
membranes and clinical chorivamnionitis were asso-
ciated | P < 0.001) with infection in the neutropenic
infants (Table 3). Neutropenis resnlved within 24 to
48 hours of birth in 33% (118) of the 142 noninfected
infants: in the remainder it persisted for 5 to 9 days,
The latter infants with persistent neutropenia in-
cluded 13 from the PTH subgroup, 4 from the birth
asphyxia suhgroup and 7 from the subgroup other.

Eighteen infants fulfilled the criteria for sepsis and

TABLE Z. Demegraphic foctors assoviated with
neutropenia in the newborn

Meutropenin Nw_
B 2 Infants -
i [N = B30y
& T n %
FPromatarity 154 3 - o B =LY
Birthweight <3000 3 132 72 151 18 =00
Multiple gestation 4“4 a8 50 g =001
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TABLE 3, Obstetric complications in 170 infants with neutropenia stratified according to infection and clinical starue

Dimstatric Comniwelions {N]

Group or Subgroup N =

. Clintica] eho- " Mualtiple
PROM e APH PIH Tk
Infecred
Seqanik 15 11 14 1E L ] 4
FProbeble infection 1) & H 1 a 0
Mominfected
Infeetion possible 1E : ] b1, 15 i L] LK
FIH =1 2z 1 3 1 an 2
Birth ssphyxint 11 & ] i | 1 1
Other T 4% 3B 1B 10 a H
Combinad groups 1 1043 27 & 14 31 “

* Thres with HELLT (hemabesin, alevaiad lver parymes end Tow pleiaisi] syndrese. sne with serom g srythenaionrs

1 Mnternal respiimsory problems (o= 1)
FROM, premastisr mugiare of Lhe memnbrmnee, APH, anlmperias et hegs

TAHLE 4, Neonatal complications in 170 infants with neutropenia stratified acoording to infection and clinical status

Neonntal Compleations { W)

Group or Subproup N Rirth Ratainad
Mremesarity by RDS fetal lung IVH
ssphyzia Muiad

Liafoctind

Sepwin 18 18 £ 14 1 ¢

Probable infection 10 7 ] G 1 0
Son ulseted

Infertion possilile 15 14 o 12 b 1

PIH* a7 3E 6 2% 1 0

Hirth asphyzisd 11 10 11 g L o

Othert T 75 ] 53 13 4
Combined groupsi 170 148 - 1L 18 9

= Qo wills Hull) Mmmdmmmmmwumm'w*:mﬂ;pﬂ;@w\;m

t T with Eydrope fatalls (ome
} Fout with Intraiterine growth
i Elghty-nine of 170 (A2 were intabarad pi bnth

RDE, reapitausry distrees syndrame; [VH, inmrewenirioler hemarrhsge

Bart's bvdropi. oo of unkeen tais)

10 were classified as probable infection. Within the
former subgroup 18 infants had septicemia and 1
developed meningitis; 2 infants had postmortem evi-
denee of pneumonia end positive lung celtures: and
11 infants were transferred to our unit (10 in utero,
one following delivery). Causative organisms were:
GES (r = 8), which included the infani with menin-
gitig; Group A Streplococcus (n = 1); Staphvioepeous
awreus (n = 3); Haemophilus influenzas (n= 1); Esch-
erichin colf (n = 4); and Serratio marcescens (n= 1),
Table 5 shows the performance of the HSS as a
predictor of infection in the neutropenic infants. Two
of 28 infected infants were not identified by the HSS,
Both infaniz received early sntibiotic therapy; cne
infant died 4 hours afier birth hefore repeat testing
was performed: the second had a seore of 3 on repeat
testing 19 hours after birth. Table 6 details Lhe find-
ings zssoviated with false positive resuliz with the
HES. If infants with possible infection are excluded
{i.c. these in whom maternal antibiotic therapy may
have influenced clinical and microbiologic findings)
the positive predictive value of scores =3 was 88%.
Eepeat testing within 24 hours of birth was performed
on 160 neutropenic infanis giving & sensitivity and
positive predictive value of 100 and 58%, respectively.
An elevated I'T ratio, i.e. ==0.163 aL birth to >0.155 at
24 hours of age, accurding to the reference ranges of

TABLE 6. Performance of hemarologic scores ag
predictors of infection in 28 infants with sepais or probable
infection fram 170 evaluations performed gt a mediom
posinatal age of 1 hour (range, birch to 17.5 houre) in 170
neutropeanic newborns®

Hemwmologic  Semsitivity  Specificity PﬁmF Negative

w0k h rechctive  Predictive
Criteria (%) %) E_n-]'m:- (%) Value (%]
—— 100 58 al 100
Seorss 23 53 82 &0 =
Scorss =4 &0 43 54 X
Sovirims =5 1i 8 &0 &5

* Arearding to the refezence ranges of Muncoe o2 al !

TABLE 8. Details of the neutropanic nawhorns with false
pozitive results [scores =3) with the hematologic scuring
=yvslem

Subgroup N Clinical Firdings

Infection possine B 14 Chnicallv well
Freguercv-induced kvpemensicn 2 Msiemal HELLF syndrome
N=1
Bevere [UGR AN =)
Leukopenis and thrombocyto-

penia (A = 4]
Hirth amphyria % Hydrops fatalis (N = 9)
ther & Intravenrrieninar hemorrhage and

preumncthorax (N = 1)
Hezsined fetsl lung Bod 1V = %)
MHZA with feukopenia and

thrombocytopenia (N = 1)
Mibd rmesparmbory doskress syn

drame (N = 1}

_H"F.: 1P, memolvede, eleveied Ever soovoes and bew platelets; TUTER, Inirmuresing
Enrin rrarcasion,
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Manroe et al,,” ident:fied all infected infants but was
less predictive (43%) of infection than scores =3, The
LT ratios in infected infants ranged from .24 10 1.0
(median, 0.4) and in noninfected infants from 0 to
0.87 {median, 0.07).

Antibiotic therapy was given to 59% (100 of 170) of
the neutropenic infants. This included all infants with
sepsis and with probable and possible infection. Only
one infant (who died) received a granuloeyvte transfu-
sionn (and fresh frozen plasma); two (who died) re-
ceived exchange transfusions {one also had fresh fro-
zen plasma); and a further six (three of whom died)
received fresh frozen plasma.

The overall mortality with neutropenia was 15% (26
of 170) with B1% (21) dying within 48 hours of birth
and 19% (3) between 5 and 73 days after birth, Muor-
tality wag higher in the infected than in the nonin-
fected group (39%, 11 of 28 vs. 11%, 15 of 142 (P <
0.001). Mortality was highest in the sepsis subgroup
{61%, 11 of 18); 9 infanta died within 24 hours of birth
and 5 within 7 hours of birth, Causative organisms
included GBS (n=8), E. cali (n = 4), and H. influenzae
(n = 1). Mortality was significantly (P < 0.001) asso-
ciated with neutrophil counts =500/mm®. The com-
bination of a neutrophil count =500,/ mm? with a scora
=3 or an elevated L-'T ratio identified a puor prognostic
group: 67% (8 of 12) and T0% (7 of 10), respectively,
with these combinations died, & in the infected group.

DISCUSSION

Our findings substantiate a previous report that
neutropeniy is common in preterm newborns, partic-
ularly those with obstetric and neonsatal complica-
tions.' In the present study the majority of infants
had neutropenia of noninfectious origin which re-
solved within 24 to 48 hours, although in 17% of
noninfected infants it persisted for 5 to 9 days. A link
with PIH, a well-documented association, was found
in 22% of all neutropenic newbornz.® ™ *° In infants
with sepsis 3BS was the predominant csvusative or-
ganism, accounting for 44% of all cases. The HSS in
conjunction with clinical findings allowed earlyv dis-
criminarion between infected and noninfected newtra-
penic newborns, although two infantz wers not iden-
tified on the initial test. The combination of & neutro-
phil count =500/mm® and scores =3 signified a poor
prognostic group. In infected infants mortality was
high despite early administration of antibiotics, and
adjunetive therapy in some cases.

Our findings substantiate other reports (including
unpublished data from our previous study), which
indicate that preterm infanze have lower neutrophil
counts than term infants.* 2™ The lower neutrophil
counte found in venous and aerterial specimens than

in capillary specimens has not been taken into account -

in the present study.’® The neutrophil referencs ranges
of Manroe et al.” are now generally scknowledged as
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the mozt reliable for interpretation of neutrophil val-
ues in the neonate. Previous reports verify their sen-
sitivity in screening for infection® ' However, the
refarence ranges were derived from infants of >29
weeks of gestation.” Our data suggest thar differant
reference ranges mayv be required for infants <2000 g

Previous studies attest to the difficulty of mansga-
ment of 5epsis in neutropenic neonates.>* " Christen-
sen et al.? found that depletion of the NBMSPE was
associated with a mortality of almest 20% and showed
that survival could be greatly improved by granulocyte
transfusions. An LT ratic =0.8 corralated wich
NBMSP depletion.'® Subsequent studies reveal there
is great variability in the frequency of NBMSP deple-
tion (range, 3 to 62% )™ 1% 18 5nd show that mild to
moderate degrees of NBMSP depletion are also asso-
ciated with increased mortality.® * Quantitation of
the NBMSP is recommended to prognosticate the
severity of sepsis and the necessity for granulocyte
transfusions.” However, in a study by Engle et ol.,"”
live infants died (median ags, 7 hours) before infection
was confirmed and bone marrow aspiration was per-
formed. They recommended that bone marrow aspi-
ration should be performed at the time overwhelming
sepsis is clinically suaspected. Baley et al" * found
that an elevated LT ratic was of no value in the
prediction of infection and an I'T ratio of >0.8 was
not predictive of either NBM3P depletion or outcome.
Their study population comprised infants in the first
month of life, in contrast to the present study, which
focused on the newborn.

In the present study, although it was not statisti-
cally significant, the HSS (scores =3) was less sensi-
tive, but more predictive of infection, than an elevated
LT ratio. Therapy was given at the discretion of the
attending physician and the NBMSP, the major prog-
nostic criterion, was not assessed. Only 1 of 11 infants
with sepsis who died had an I:T =0.8. The data indi-
cate that this finding has limited practical value as a
prognostic indicater. We cbeerved intracellular orga-
nisms in the direct blood film of one infant who died,
a finding shown in previous studies to indicate fulmi-
nant infections %

The CBC iz readily available in most institutions
and scoring adds only 3 =zeconds to the performance
of the CBC.® In contrast other screening tests for
necnatal sepsis comprise a battery of four or five tests
including the CBC, C-reasctive protein, haptoglobin,
micro-ervthrocyie sedimsntation rate, nitroblus tet-
razelium tast, fbronectin and acridine orange leuko-
cyte cytospin tast, which are not usually available on
a 24-hour basis.™ * Recent studies suggest that ele-
vated elastase alph=-| -proteinase inhibitor levels may
also be useful in this setting ™ ® In a previous study,
on the initial test the HSS identified 98% of infants
with sepais or probable infection from 298 evalustions
in the first month of life.® A recent report found a
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sensitivity of only G7% on the initial test in infants
with early onset GBS sepsiz but 100% on the repeat
test performed within 12 to 24 hourz of hirth* A
ringle time frame was used for interpretation of lower
and upper limits for neutrophil counts. This may have
contributed to the lower sensilivity, inasmuch as the
infants were Lested between 1 and 7 hours after birth
when rapid changes in neutrophil values occur.” Alter-
natively the findings reflect a delay in hematologic
response, which mey be as long ss 4 hours in infants
with GBS."*

We conclude that the HS8 or LT ratio in conjunc-
tion with clinical findings is valuable in the early
identification of sepsis in neuiropenic newborns and
could be applied to the development of strategies fur
early management of these infants. Repeat testing is
recommended to identify infants who have & delaved
hematologic response.™ In the neutropenic newborn
with clinical sugpicion of overwhelming sepsis, scores
=8 or an elevated I: T ratio indicate a high likelihood
of infection, These Nindinge in combination with a
neutrophil count =500/mm? provide useful prognostic
infarmaiion for newborns at high risk of mortality for
whom novel interventional therapy may be appropri-
ate. We have reviewed previouely described prognostic
indicators and demonstrated the wtility of combining
them to enhance the overall identification of & poor
prognostic group, These findings could be applied to
the early identification of candidates for granulocyte
transfusions or other experimental tregtments inelud-
ing immunomodulation such as intravenocus immau-
noglobulin or eytokine therapy.
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