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Neonatal sepsis - incidence, morbidity
and mortality

Neonatal sepsis, one of the main causes of neo-
natal morbidity and mortality (1), is a complex
clinical syndrome occurring in 1-8.6/1000 live
births (2) as a result of the systemic inflamma-
tory response to infection during the neonatal
period (3). Early onset sepsis (EOS) is defined
as sepsis occurring during the first 72 hours of
life as a fetal response to an ascending infection
(from the birth canal) or to the hematogenous
dissemination of a maternal infection (4).

Sepsis is a complex condition initiated by a
pathogen and mediated by cytokines followed by
immune, inflammatory, and coagulation homeo-
stasis disturbances, its evolution being dictated
by a complicated balance between pro inflam-
matory and anti inflammatory factors (5) Most
of the short and long-term complications of the
neonatal sepsis are strictly related to inflamma-
tory mediators. Neonatal sepsis is associated

with a mortality rate that ranges from 13 to 60%
(6,7) in spite of improved antibiotic therapy and
care and an increased morbidity in survivors.
“Suspected sepsis” is one of the most fre-
quently encountered diagnosis in neonatology
because: a) a large number of newborns are eval-
uated for early or late sepsis based on risk factors
and for fear of missing a correct diagnosis and a
prompt treatment (8); b) in neonates, the clini-
cal signs of infection are not specific, late, and
the differential diagnosis with neonatal respira-
tory distress syndrome, aspiration syndromes,
or neonatal maladaptation to extrauterine life
is difficult (8-10); c) blood culture - the gold-
en standard in neonatal sepsis diagnosis - pro-
vides late information, has a poor accuracy, and
is not universally available (11); and d) we do
not have yet an ideal diagnostic tool for neonatal
infection (12). Therefore, diagnosis of neonatal
sepsis is still a challenge for neonatal medicine.
Antibiotic therapy is often initiated based upon
clinical suspicion and/or the presence of risk
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factors, leading to excessive antibiotic therapy.
Very often the diagnosis criteria for neonatal
sepsis consists in documenting an infection in a
newborn with severe systemic disease in which
all possible noninfectious explanations for the
patient’s altered physiological status are either
ruled out or unlikely (13).

Blood culture - the “gold standard” test

The “gold standard”, definitive test for neonatal sep-
sis is the isolation of the pathogen from blood (9).
However, its accuracy is influenced by multiple fac-
tors a) contamination during sampling; b) sampling
after antibiotic therapy was started; c¢) insufficient
sampling volume; d) low colony count bacteriemia
(14). Accuracy of the blood culture varies between
8 and 73% in various studies (6, 11, 15).

Ideal markers for neonatal sepsis

As seen by experts, the ideal marker for neonatal
sepsis must fulfill the following characteristics:
- Clinically, it must have well defined reference
values that allow interlaboratory comparison,
sensibility towards 100%, specificity over
85%, positive predictive value over 85%,
negative predictive value over 100%, pow-
er to detect infection in early stages, ability
to differentiate between different types of
pathologic agents (viruses versus bacteria, for
example), and allow guidance and monitoring
of the antibiotic therapy (6, 9, 10);

- In the laboratory, the ideal marker must be a
stable product, with a time window adequate
for sampling (sustained increase and decrease
of its values within 48 hours after the onset of
the clinical manifestations), must be quantita-
tive, allow use of small sample volumes, the
measurement method must be simple, rapid,
with comparable results between laboratories,
and with a low cost (16).

Current consensus of neonatal sepsis lab-
oratory diagnosis

Despite hundreds of published studies, there is
still no consensus regarding the best screening
test or panel of tests for rapid detection of neo-
natal sepsis. Recently, new acute phase proteins,
cytokines, cell surface antigens, and bacterial
genome are used to improve the neonatal sepsis
diagnosis but data are still under evaluation and
most of these tests are either not clinically avail-
able or they are expensive (9, 16).

Complete blood count and differential -
reference values and influencing factors

Evaluation of complete blood count (CBC) and
differential was the first test used to diagnose ne-
onatal sepsis, hematological indices still being
the most extensively used in practice, currently
in association with new markers for infection
(11, 12, 17, 18). The different rate of neutrophil
release from bone marrow into circulation, the
egress rate of the neutrophils from blood into the
tissues, and their distribution in circulation and
tissues are responsible for the morphological and
concentration abnormalities of the circulating
neutrophils seen in neonatal sepsis (17).

Since 1979, reference values for blood neu-
trophil concentration in late preterm and term
infants during the first 700 hours of life defined
by Manroe et al. were extensively used for
EOS evaluation. Mouzinho et al. (19) defined
the reference values, upper and lower limits
for blood neutrophil concentration in very low
birth weight (VLBW) preterm infants. The bru-
tal transition from the protective intrauterine
environment to extrauterine life is characterized
by extreme physiological changes required for
survival. Some of the metabolic and physiolog-
ical processes continue to undergo changes dur-
ing the first days of life and these may influence
sometimes dramatically the results offered by
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laboratory tests. These influences must be con-
sidered when interpreting the values offered by
laboratory tests (9). Therefore, beyond individ-
ual variability, a certain value of a laboratory
test must not be considered as static. Schmutz
et al. (18) showed that the neutrophil count in-
creases in the first hours after birth and peaks at
6-8 hours for infants > 28 weeks gestation, and
later, at 24 hours, in those < 28 weeks gestation.
Immature/total neutrophil (I:T) ratio, one of the
most valuable hematological indices, is < 0.16 at
birth and decreases to 0.12 at 72 hours of life in
healthy neonates (20). After birth, the absolute
immature neutrophil count follows the same pat-
tern as the absolute neutrophil count (ANC), reg-
istering a peak value at approximately 12 hours of
life (20). Labor and catecholamine release, as part
of the adaptation process to extrauterine life, may
be responsible for the transient increase of leuko-
cyte and neutrophil count in the first day of life
(18,21). In most of the EOS cases the leukocyte
count, the leukocyte characteristics, and indices
become abnormal around 12 hours of life (10, 22).

The peripheral smear is useful for EOS diag-
nosis as it identifies characteristic morphologic
changes of the neutrophils and monocytes: ab-
normal density of the nuclear chromatin, toxic
granulations, vacuolization, Dohle bodies, left
shift (23). However, the method is time consum-
ing, requires manual examination and experi-
ence, the results are biased by subjective inter-
pretation, reduced reproducibility, and it is based
on the analysis of just hundred of cells for any
given sample (17, 23). The computerized analy-
sis provides information from thousands of leu-
kocytes, measures the size of the cells, evaluates
the internal cellular composition, granularity,
and complexity of the nuclear shape (23) and is
less liable to subjective interpretative errors (24).
Yet, errors and biases are still possible: when us-
ing the impedance principle, the leukocyte count
may be affected by the osmotic resistance of

some neonatal red blood cells and/or by the high
neonatal normoblast count resulting in a falsely
increased number of white blood cells; incorrect
blood : anticoagulant ratio in small tubes may
also give rise to errors (23, 24).

Interpretation of the CBC parameters as nor-
mal or abnormal and use of different classifica-
tion systems makes the interpretation of the bor-
derline or grossly abnormal values difficult (22).

Complete blood count and differential -
utility in screening for early onset sepsis

Total leukocyte count (TLC), total neutrophil
count, ANC, immature neutrophil count, imma-
ture/total neutrophil ratio (I: T ratio), immature/
mature neutrophil ratio (I:M ratio), neutrophil
degenerative changes (vacuolization, toxic gran-
ulations, and Dd&hle bodies), and platelet count
are the most used hematological parameters for
EOS evaluation (7,9). Most of the hematological
screening panels for EOS use a total leukocyte
count < 5000 cells/mm?® or > 20.000 cells/mm?,
an I:T ratio > 0.2, and total neutrophil counts
outside the normal range (7, 8).

The vast majority of studies in the literature
conclude that hematological indices have a low
sensibility and specificity in identifying EOS,
being more useful in identifying newborns with
low risk for sepsis. Six to 12 hours are necessary
before the effect of the inflammatory response
on the number and ratio of immature and mature
neutrophil occurs (9, 17, 22). An extensive re-
view performed by da Silva et al. (25) that found
a large range of sensibilities - 17-90% - and spe-
cificities - 31-100% - for leukocytes and leuko-
cyte indices in EOS screening, explained the
results by laboratory experience variances, dif-
ferent postnatal age of the patients, and influence
of noninfectious factors affecting neutrophils
parameters and concluded that serial measure-
ments of the leukocyte indices may increase the
accuracy of EOS diagnosis and allow monitor-
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ing of the treatment. Sonawane et al. (26) found
that CBC has a sensibility of 37.5, specificity of
75%, positive predictive value (PPV) of 69.2%
and negative predictive value (NPV) of 44.4%
for neonatal sepsis detection and underlined that
CBC has a higher specificity compared to CRP.
In EOS detection, Schmutz et al. (18) identified
a sensibility > 90% for abnormal immature neu-
trophil count, I: T ratio, and ANC, and a specific-
ity > 90% for abnormal I:M ratio and [:T ratio,
associated with neutrophil degenerative chang-
es and decreased platelet count, and a PPV of
94.4% for abnormal I:M ratio. A more recent
review, performed by Bhat and Rao (6), based
on 17 studies, showed that a leukocyte count
< 5000 cells/mm?® or > 20.000 cells/mm’, a
platelet count < 150.000/mm?, an I.:T ratio >
0.2, and the presence of vacuoles in the cyto-
plasm or toxic granulation on the peripheral
smear suggest EOS with sensibilities that range
between 15.6 and 81%, but none of the studied
parameters predicted bacteriemia in a satisfac-
tory manner. Murphy and Weiner (21) demon-
strated that two CBCs, performed at 8-12 hours
interval, and a negative blood culture accurately
exclude neonatal sepsis (up to 100% NPV), but
the low sensitivity and PPV are not useful to
guide therapy.

Leukopenia was found to be a better predic-
tor for neonatal sepsis compared to leukocitosis
(sensitivity of 87.5% versus 25%) and is more
useful in infections with gram negative germs
(27). Others have demonstrated that TLC in-
creases in severe neonatal infections (both ma-
ture and immature cells) possible secondary to
growth factors and cytokine release that stimu-
late the bone marrow production (28).Typically,
neonates with viral infections have a normal
TLC or a slightly reduced leukopenia (8).

Neutropenia is considered a better and more
specific marker for EOS compared to neutro-
philia because less factors - other than infection

- cause a decrease in neutrophil count (17, 18).
The release of neutrophils from the bone
marrow in response to infection increases the
number of immature neutrophils in circulation
and shifts the differential count to the left. da
Silva et al. (25) found that an I: T ratio > 0.2 has
a sensibility of 90% and NPV of 98% for EOS
detection since the ratio is less influenced by non
infectious factors compared to other neutrophil
indices, in accordance with the results of other
studies (10,17,25). The combination of two nor-
mal values of the I:T ratio and a negative blood
culture at 24 hours accurately allows EOS ex-
clusion (21). On the contrary, some investigators
found increased I:T ratios in 25-50% of the new-
borns without infection (17) and Sonawane et al.
(26) found that I: T ratio has a sensibility of only
62.5% and NPV of 50% for sepsis detection. The
I:M ratio is also increased in EOS and, similar to
I:T ratio, it is considered more helpful for EOS
diagnosis compared to TLC (12). Both ANC and
I:T ratio are better at excluding infection than at
identifying newborns with sepsis (18).
The morphological changes of neutrophils
- toxic granulations and/or vacuolization - on
the peripheral smear are, most often, late signs
of EOS and indicate a severe infection but these
changes never occur in healthy neonates (17).
Automatic analysis using VCS technology
(V - volume, C - conductivity, S - scatter) al-
lows detection of morphological changes of the
immature and reactive neutrophils. Also neutro-
phils mean volume (MNV) and volume distribu-
tion width (VDW) can be determined and Celik
et al. (23) have found that these two parameters
can be helpful for EOS detection.
Thrombocytopenia, due to increased de-
struction, sequestration secondary to infection,
failed platelet production secondary to reduced
megakaryocytes, or damaging effect of endotox-
ins (11, 12) is frequently associated with neona-
tal sepsis (11, 29) but is, usually, a late sign of
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infection, indicating a poor prognosis (18) and
cannot be used to guide antibiotic therapy since
thrombocytopenia may persist even weeks after
an infectious episode (17, 30).

Some new hematological markers of infec-
tion are tested. The granulocyte colony stimulat-
ing factor produced by the bone marrow facili-
tates neutrophil proliferation and differentiation,
and was demonstrated to be a relatively early
marker of EOS and bacterial infection (31).

Complete blood count parameters used in
combination with other markers for in-
fection

Most leukocyte parameters have a weak predic-
tive accuracy for EOS diagnosis especially if
considered separately while different combina-
tions of these parameters may reach 90% sen-
sibility (6). Sankar et al. (20) had demonstrated
that 2 or more than 2 abnormal neutrophil pa-
rameters can detect EOS with 93-100% sensibil-
ity, 83% specificity, 27% PPV, and 100% NPV,
suggesting that if the hematological screening
identifies 2 or more than 2 abnormal neutrophil
parameters, antibiotic therapy should be started.
An abnormally reduced TLC, neutropenia, and
an increased I:T ratio were associated with in-
creased risk of infection - odds ratio over 5.38
- even though their sensitivity was low - <54.5%
- in a large cohort study of 166.092 neonates
suspected of EOS (10), results that had been
confirmed by another large cross-sectional study
performed by Newman et al. (22).

Since sensitivity and specificity of the he-
matological indices are increasing when more
parameters are evaluated, hematological scoring
systems (HSS) were proposed for neonatal sep-
sis detection. Such scores are available, relative-
ly rapid, with low cost, and practically accessible
in most laboratories but they still need simplifi-
cation and standardization (12, 18). Makkar et
al. (11) found that the combination between in-

creased I:T ratio and immature neutrophil count
had the best sensitivity for EOS and probable
EOS prediction, while increased I: T and I:M ra-
tios were the most specific; a higher score was
associated with a higher accuracy and probabili-
ty of EOS, allowing a satisfactory identification
of EOS and decision to treat.

Another, more complicated, scoring system for
EOS detection was proposed by Selimovic et al.
(15) who included CBC parameters - TLC, I:T ra-
tio, [:M ratio - and CRP and, in a group of 341 new-
borns, this score had a sensitivity of 73% and NPV
of 75%. Usha et al (32) recently published another
complex hematological score, stratified for EOS
and late onset sepsis (LOS) diagnosis, and found
low accuracy for EOS diagnosis at scores of 3-4.

C-reactive protein is an acute phase reactant,
a protein synthesized by the liver, whose values
are increasing in inflammations due to infection
or tissue damage, with a sensitivity of 47-100%
for detection of bacterial sepsis (16, 32). Most
of the recently used screening panels for EOS
detection include CBC and CRP, more rarely
procalcitonin or, even more rarely, cytokines,
thus increasing slightly the sensitivity and more
significantly the NPV compared to the individ-
ual accuracy of the included markers (9). As in
the case of CBC, the CRP increase as response to
inflammation needs a few hours after the infec-
tious contact, therefore repeated CRP and CBC
are followed by increased sensitivity and speci-
ficity. Makkar et al. (11) showed that decreased
TNL (<10 X 109/L) and total neutrophil count
(<8 X109/L), and increased I: T ratio (>0.16) and
I:M ratio (>0.25), and CRP (>0.6 mg/dL) are
useful tests for EOS diagnosis in the first 3 days
of life, detecting 90% of the sepsis cases prov-
en by blood culture. Combined screening panels
can detect apparently healthy neonates “at risk”
who may not need treatment or in which the
treatment may be stopped (17).
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Current attitude. Final comments

Diagnosis of neonatal sepsis is still a challenge
for neonatal medicine while any delay of the
treatment increases the morbidity and mortali-
ty. There is still no consensus regarding the best
screening test or panel of tests for EOS rapid di-
agnosis (9). Furthermore, very few reliable con-
clusions can be drawn from the published data
since most of the studies are based on a limited
number of patients who, in many of the studies,
are not stratified on gestational age and/or post-
natal age, the methodology is not sufficiently
rigorous as regards the accuracy of the laborato-
ry tests, and selection of the cut-off values of the
tests is extremely heterogeneous.

For many years now, CBC, with its limits
and biases, continues to be the most frequently
used and useful screening test for neonatal EOS
(11), only recently CRP being added in order to
increase the predictive accuracy (9). Tests with
better predictive accuracy - such as procalciton-
in, cytokines, etc. - are not universally available
and are expensive. Still, none of the actual mark-
ers of infection is sufficiently sensitive or specif-
ic to definitely influence the decision to start an-
tibiotic therapy independent of the clinical signs,
most of the tests used to diagnose infection be-
ing more useful for identification of the neonates
without infection (17). Therefore we, the clini-
cians, are obliged to have a pragmatic approach
as regards the use of available tests for neona-
tal EOS diagnosis and antibiotic therapy guid-
ance. Interpretation of the screening tests used
for early diagnosis of EOS must be done in ac-
cordance with the risk factors and clinical signs
and symptoms suggesting infection. Presence
of the clinical signs or symptoms suggesting in-
fection should prompt antibiotic therapy even if
the screening tests are negative (22). Hopefully,
a better understanding of the inflammatory re-
sponse in preterm and term neonates may lead to
improved screening for neonatal sepsis.

Abreviations

EOS  =Early onset sepsis

CBC =Complete blood count

VLBW = Very low birth weight (infants)
I.T = Immature : mature (ratio)
ANC = Absolute neutrophil count
TLC  =Total leukocyte count

M = Immature : mature (neutrophil ratio)
CRP-C =Reactive protein

PPV  =Positive predictive value

NPV = Negative predictive value

VCS =V -volume; C - conductivity;

S - scatter (technology)
MNV = Mean neutrophil value
VDW = Volume distribution width

HSS  =Hematological scoring system
LOS = Late onset sepsis
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