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ABSTRACT

Background: Late-onset infections present after delivery, or beyond 3 to 7 days of age,
and are attributed to organisms acquired from interaction with the hospital
environment or the community. Blood culture is the gold standard for the diagnosis of
sepsis in newborns, but the long waiting time for results and the high level of false-
negatives that are secondary to insufficient quantity of sample, contamination, can
lead to delays and errors in diagnosis. Therefore, various biochemical markers are
used to aid decision making regarding antibiotic therapy in neonatal sepsis.

Nevertheless, no current biochemical marker can provide perfect diagnostic
accuracy. Antithrombin and protein C (PC) play a major role in the regulation of
coagulation, shifting thrombin from procoagulant to anticoagulant.

Objectives: The aim of this study was to evaluate the Plasma Antithrombin and protein
C levels in early recognition of late-onset sepsis in newborns. The study is also
designed to determine the possible relationship between the types of bacteria and the
values of plasma Antithrombin and Protein C levels.

Subjects and Methods: This is a hospital based prospective study conducted on 60
neonates with suspected LOS & 30 neonates as control at the neonatal intensive care
unit (NICU) of Benha children hospital during the period from October 2019 to
February 2020. They were selected by simple random method. The studied neonates
were classified into three groups: 1-Control group consists of 30 healthy neonates. 2-
sepsis non confirmed group consists of 30 neonates (-ve blood culture). 3-sepsis
confirmed group consists of 30 neonates (+ve blood culture).

All groups were subjected to complete history taking, clinical examination, Serum
Plasma Antithrombin and protein C levels were measured.
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Results: The results of this study showed marked decrease in the level of the
physiologic inhibition system of coagulation including antithrombin, and protein C in
100% of cases, compared to the control group (p < .001). Also we found mortality
incidence was 13.3% in Suspected Sepsis, 36.7% in Confirmed Sepsis. Antithrombin
and protein C levels are decreased in late onset sepsis, Anti-thrombin in Suspected
Sepsis was (54.9 £ 10.7) % & in Confirmed Sepsis was (35.7 + 9.05) % while Protein
C in Suspected Sepsis was (41.2 + 8.5) % & in Confirmed Sepsis was (15.3 + 6.4) %
with highly significant difference between studied groups.

Conclusion: Anti-thrombin and Protein C have high predictive value in diagnosis of
LOS as their level were significantly lower in neonates with sepsis, either confirmed or

suspected.

Keywords: Antithrombin, Protein C, Neonate, Sepsis.

INTRODUCTION

The term neonatal sepsis is
used to designate a systemic
condition of bacterial, viral, or
fungal (yeast) origin that is
associated with  hemodynamic
changes and other clinical
manifestations and results in
substantial morbidity and
mortality (Wynn JL et al., 2014).

Despite all the advances in
diagnosis and therapy, neonatal
sepsis continues to be one of the
major causes of morbidity and
Mortality (Polin RA et al., 2016).

Neonatal includes
septicemia, pneumonia,
meningitis, osteomyelitis, arthritis
and urinary tract infections, and
does not yet have a consensus case
definition, especially for Low- and
Middle- Income Countries
(LMICs) (Schlapbach LJ,
Kissoon N, 2018).

sepsis

Neonatal sepsis has been
classified as either early-onset or
late-onset depending on the age of
onset and timing of the sepsis
episode. Late-onset infections
present after delivery, or beyond 3
to 7 days of age, and are attributed
to organisms acquired from
interaction with the hospital
environment or the community
(Annane et al., 2016).

Three out of every ten deaths
due to neonatal sepsis are thought
to be caused Dby resistant
pathogens (Laxminarayan R, et
al., 2016).

Antithrombin and protein C
(PC) play a major role in the
regulation of coagulation, shifting
thrombin from procoagulant to
anticoagulant (Harmon, S. et al.,
2014).

AT and PC plasma levels
decrease in sepsis and, when low,
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predict high mortality (Macias
WL, Nelson DR, 2004).

Antithrombin IS a serine
protease inhibitor that regulates
the intrinsic, extrinsic and

common clotting pathways
through inactivation of multiple
coagulation  factors, including

factor Xa and thrombin. AT may
also have other roles such as
reducing platelet adhesion to
fibrinogen (Brady S. et al., 2017).

Antithrombin (AT) and protein
C (PC) levels decrease in sepsis at
birth, (PC) and (AT) are present at
approximately 20-60% of adult
levels (Fernandez et al., 2016).
Several studies have reported that
plasma levels of antithrombin and
protein C are significantly lower
in patients with poor prognosis.

Aims of the Work

The aim of this study is to
evaluate Plasma Antithrombin and
protein C levels in early
recognition of late-onset sepsis in
newborns. The study is also
designed to determine the possible
relationship between the types of
bacteria and the levels of plasma
Antithrombin and Protein C.

Ethical Considerations:

1. Approval of ethical committee
in the university was obtained
before the study.

2. Full informed consent was
taken from parents or care
giver.

3. Privacy of participants and
confidentiality of the data were
maintained.

4. The care givers have the right
to withdraw from the study at
any time.

5. The authors declared that there
is no conflict of interest or any
financial support regarding the
study or publication.

PATIENTS AND METHODS

Patients: This is a hospital based
prospective study conducted on 90
neonates at the neonatal intensive
care unit (NICU) of Benha
children hospital during the period
from October 2019 to February
2020 were the material of this
study they were selected by simple
random method.

Inclusion criteria were:

1. Healthy newborn as control
group.

2. Full term or pre-term.

3. Clinical evidence of late onset
sepsis.

4. Post natal age 3 days up to 30
days.

5. The sepsis confirmed group
was defined as having positive
blood culture associated with
clinical signs of sepsis during
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the neonatal period (3-30 days
after birth).

Exclusion criteria were:

1. Infants with major congenital
anomalies or malformations.

2. Evidence of HIE or
Intracranial hemorrhage.

3. Newborn with evidence of
IEM.

4. Evidence of congenital heart
disease.

Methods:

Our studied cases were 90
neonates FT or PT aged 3-30 days
they are classified into 3 groups:

Group I: control group consists of
30 healthy neonates.

Group I1: Late onset sepsis with —
ve blood culture consists of 30
neonates (not confirmed group).

Group Ill: Late onset sepsis
confirmed group consists of 30
neonates by +ve blood culture.

All neonates included in the
study subjected to the following:

» Full history taking antenatal,
natal & post natal laying stress
on history suggestive of Late
onset sepsis.

Complete clinical examination
laying stress on signs of Late onset
sepsis.

» Laboratory evaluation

including:

- CBC with differential
leucocytic  count, (/T
ratio).

- Chemistry (Na, Kk, Ca,
Kidney & liver function
tests) when needed.

- Quantitative CRP  was
measured normal range less

6 mg/dl.

- Sepsis  Screen  (Blood
culture, Urine culture,
CS.F culture when
needed).

- Plasma Antithrombin and
protein C levels, obtained
as a single measurement.

Assay of Antithrombin:

Measurement of plasma
Antithrombin antigen was done
using  Antigenic  assay  of
antithrombin concentration by the
immunoturbidimetric method with
normal level range from 60-
120%.

Assay of Protein C:

Enzyme-linked immunosorbent
assay (ELISA) for the quantitative
determination of Protein C
Antigen in citrated human plasma
with normal level range from 72-
160 %.

Statistical Analysis
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Data were analyzed
Statistical Program for Social
Science (SPSS) version 24.
Quantitative data were expressed
as meanz standard deviation (SD).
Qualitative data were expressed as
frequency and percentage. Chi-

using

analysis of variance (ANOVA):
when comparing between more
than two means. ROC curve
(Receiver Operating Characteristic
Curve): was used to detect cutoff
value, sensitivity, specificity,
positive predictive value (PPV)

square test: was wused when and negative predictive value
comparing between non-  (NPV).
parametric data. A one-way

RESULTS

Table (1): Demographic data among studied groups

Studied groups
. Suspected Confirmed
No sepsis Sensi Sepsi P-value
(N = 30) epsis epsis
(N =30) (N =30)
0 0, 0
Male 20 | 66.7% | 21 | 70% 19 | 63.3% 0.861
Sex NS
Female | 10 | 33.3% | 9 30% 11 | 36.7%

Post natal Mean 6.9 20.4 18.9 <0.001
Age (days) +SD 4.8 14.8 8.7 HS
Gestational | Mean 37.7 35.5 34.6 <0.001
age (weeks) | +SD 1.1 3.1 3.7 HS

. Mean 2.95 2.3 2.19 <0.001
Weight (ko) —4sp 0.4 0.6 0.7 HS

NS: p-value > 0.05 is considered non-significant.

HS: p-value < 0.001 is considered highly significant.

This  table shows highly
statistical significant difference (p-
value < 0.001) between studied

groups as regard age, gestational
age & weight.
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Table (2): Comparison between studied groups as regard clinical

presentation

Studied groups
No sepsis SUSS pected Cogﬂrr_ned P-value
(N = 30) epsis epsis
(N =30) (N =30)
Jaundice 30 [100% | 3 | 10% | 0| 0w | <%
Convulsion 0 0% 3 10% 7 1233% | 0.016S
Respiratory distress | 0 0% 26 | 86.7% | 26 | 86.7% | ?_]%01
Apnea 0 0% 9 30% | 12 | 40% 0.001S
Cyanosis 0 0% 6 20% 4 |13.3% | 0.043S
Bulging ant. 0 0 0
Fontanelle 0 0% 0 0% 6 20% 0.002 S
hypoactivity 0 0% 12 | 40% | 20 | 66.7% | < (|)_.|%01
Sclerema 0 0% 1 | 33% | 5 | 16.7% | 0.024S
Shock 0 0% 1 3.3% 4 | 13.3% | 0.064 NS
This table shows Statistical Highly statistical significant
significant  difference  between difference between studied groups
studied groups as regard as regard jaundice, respiratory
convulsion, apnea, Ccyanosis, distress, hypoactivity.

bulging ant. F, sclerema and shock.
Table (3): Comparison between studied groups as regard CBC

Studied groups
No sepsis Suspected | Confirmed | o
(N = 30) Sepsis Sepsis
(N =30) (N =30)
Mean 12.9 16.6 19.9
3
WABCs (x103/ul) ) 33 55 115 0.003 S
. Mean 59.1 71.7 72.1 <0.001
)
Neutrophil (%) - o 37 4.05 4.01 HS
Mean 53.03 56.4 58.8
0]
Segmented (%) ) 3 79 94 0.017 S
Mean 49 9.6 13.8 < 0.001
(0)
Staff (%) +SD 15 18 26 HS
UT ratio Mean 0.09 0.17 0.23 <0.001
+SD 0.02 0.02 0.04 HS
Mean 14.9 12.5 10.9 < 0.001
Hb (g/dl) +SD 26 28 24 HS
Mean 43.8 36.03 31.1 <0.001
(0)
HCT (%) +SD 8.2 9.6 6.7 HS
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This table shows Statistically Highly statistical significant
significant difference (p-value < difference  (p-value < 0.001)

0.05) between studied groups as
regard WBCs &  segmented
neutrophil.

between studied groups as regard
neutrophil, staff, I/T ratio, Hb &
HCT.

Table (4): Comparison between studied groups as regard
guantitative CRP value.
Studied groups
NO sepsis zugpec_te CoSnflrr_ned P_value
(N - 30) EPSIS EPSIS
(N =30) (N =30)
CRP Mean 0.4 37.7 70.5 <0.001
mg/dl +SD 1.5 21.3 425 HS
This  table shows  highly value < 0.001) between studied

statistical significant difference (p-

groups as regard CRP

Table (5): Blood culture results in patients with confirmed sepsis.

Confirmed
sepsis
(N =30)
Klebsiella 20 66.7%
Blood culture Staph aureus 7 23.3%
results Staph aureus (MRSA) 2 6.7%
Pseudomonas 1 3.3%

This table shows Klebsiella was
in 20 patients (66.7%), staph aureus
in 7 patients (23.3%), staph aureus

(MRSA) in 2 patients (6.7%) &

pseudomonas in 1 patient (3.3%).

Table (6): Comparison between studied groups as regard anti-

thrombin and protein C
Studied groups
.| Suspected | Confirmed | P-value
No sepsis . .
(N = 30) Sepsis Sepsis
(N=30) (N =30)
Anti- Mean 92.9 54.9 35.7 <0.001
thrombin% +SD 14.04 10.7 9.05 HS
. Mean 66.7 41.2 15.3 <0.001
(0]
ProteinC% ™isp | 126 85 6.4 HS
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This table

shows

highly

statistical significant difference

(p-value <

0.001)

between

studied groups as regard anti-
thrombin & Protein C.

Table (7): Correlation of Anti-thrombin & protein C levels and type
of organism in patients with confirmed sepsis

Klebsiella | MRSA | Staph aureus | Pseudomonas
(n=20) (n=2) (n=7) (n=1)

Anti- 34.3 39 40 28
Thrombin % +9.5 4.2 +8.1

. 14.2 22.5 16 18

o)
ProteinC% 7§73 £2.1 5
This  table shows that while protein C decreased more

Antithrombin decreased more
with pseudomonas & Kklebsiella

with staph aureus& klebsiella.

Table (8): ROC Curve, Sensitivity, and Specificity of Anti-thrombin
in diagnosis of sepsis

Cut | Areaunder s I
off the curve Sensitivity | Specificity | PPV NPV | p-value
<425 0.91 76.7 % 90 % 88.5% | 79.4% | <0.001

PPV: positive predictive value, AUC: Area under curve
NPV: negative predictive value.

Using roc curve, it was shown
that Anti-thrombin can be used
to discriminate between patients
with  confirmed sepsis and
patients with suspected sepsis at

a cutoff level of < 42.5, with
76.7% sensitivity, 90%
specificity, 88.5% PPV and
79.4% NPV (AUC = 0.91, p-
value < 0.001).
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Figure (1):
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ROC curve between patients with confirmed sepsis and

patients with suspected sepsis as regard Anti-thrombin
Table (9): ROC Curve, Sensitivity, and Specificity of protein C in

diagnosis of sepsis

Cut | Areaunder s I
off the curve Sensitivity | Specificity PPV NPV p-value
<28 0.99 100 % 96.7 % 96.8% | 100% | <0.001

PPV: positive predictive value, AUC: Area under curve

NPV: negative predictive value.

Using roc curve, it was shown
that protein C can be used to
discriminate between patients
with  confirmed sepsis and
patients with suspected sepsis at

a cutoff level of < 28, with 100%
sensitivity, 96.7%

96.8%

PPV and 100%

specificity,

NPV

(AUC = 0.99, p-value < 0.001).
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Figure (1): ROC curve between patients with confirmed sepsis and
patients with suspected sepsis as regard protein C

Table (10):Comparison between studied groups as regard outcome
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Studied groups
NO seDsis Suspected | Confirmed P-
(N = 20) Sepsis Sepsis value
B (N =30) (N =30)
Died 0 0% 4 |13.3% | 11 | 36.7%
Outcome |~ciilalive | 30 | 100% | 26 | 86.7% | 19 | 63.3% | 0% S

S: p-value < 0.05 is considered significant.

This table shows statistically
significant difference (p-value <

DISCUSSION

The global
epidemiological burden of sepsis
is difficult to ascertain. It is
estimated to affect more than 30
million people worldwide every
year, potentially leading to 6
million deaths. The burden of
sepsis is most likely highest in
low- and middle-income countries,
it is estimated that 3 million
newborns and 1.2 million children
suffer from sepsis globally every
year Fleischmann-Struzek C. et
al., (2018).

Although reported incidence
rates of neonatal sepsis from low-
resource countries are generally
higher, cases are likely under
ascertained owing to many factors,
including lack of access to care,
poor quality care, and lack of
adequate laboratory services. In
one review of community-based
studies from low- and middle-
income countries, incidence rates
ranged from 49 to 170 cases per

0.05) between studied groups as
regard outcome.

1,000 live births across 11 studies
Lawn, J. E. et al. (2017).

In this study there was Male
predominance with a male to
female ratio of 2:1. Abosalem, et
al. (2009) found that there was
Male predominance with a male to
female ratio of 1.5 was found in
his study.

In this study, respiratory
distress have founded in 86.7%%
of cases in confirmed & suspected
sepsis, apnea was 30% in
suspected & 40% in confirmed
cases, hypoactivity was 40% in
suspected & 66.7% in confirmed
cases, convulsions 10% in
suspected & 30% in confirmed
cases, and sclerema was present in
3.3% in suspected & 16% in
confirmed cases. Regelmann w.
(2017) had stated that the signs
and symptoms of the sepsis in the
newborn are nonspecific. On
clinical evaluation of our septic
patients,  respiratory  distress,
vomiting , hypoactivity and poor
reflexes were the commonest
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clinical presentations (86.7%,  found that I / T ratio of more than
60%, 66%, 53%, respectively) 0.2 represented 50 %, & also with

agreeing with ahmed et al. (2000)

who found poor Moro and
suckling reflexes in 98% and
94.9% respectively, and also

agreeing with Abosalem, et al.
(2009) who described as clinical
evaluation of patients, poor Moro ,
respiratory distress and poor
suckling  reflex  were the
commonest clinical presentations
(100%,56.6,50% respectively).

In our study, a wide range of
total leucocytic count was present
(with  mean 16.6 x10%ul In
suspected & 19.9 x10%ul in
confirmed cases) agreeing with
Abosalem, et al. (2009) found
that there is wide range of total
leucocytic count was present
(ranging between 3.5 and 26.5 x
10 / mm, 20 % had leukocytosis
and 13.3 % were leukopenia)
which was also documented in the
study done by EI- Maraghy et al.
(1995).

In this study, the septic cases
which had | / T ratio was highly
significant more than 0.2
represented this is attributed to the
release of neutrophils from bone
marrow in response to infection,
with  increasing number  of
immature cells entering the blood
stream and producing a
differential cell count with a shift
to the left , this agrees with
Abosalem, et al. (2009) who

Ahmed et al. (2000) who found 1 /
T ratio more 0.2 in 62.7 % of
cases of neonatal sepsis.

In our Studied cases had a
positive CRP (99%). this agrees
with Abosalem, et al. (2009),
Ahmed et al. (2000) who found
that CRP was +ve in 100% of
cases of neonatal sepsis.

Hisamuddin, et al. (2015)
stated that the sensitivity and
specificity of CRP in diagnosis of
acute neonatal sepsis was 76.92%
and 53.49% respectively while it
had a positive predictive value of
80% and negative predictive value
of 48.94%. Over all the diagnostic
accuracy of CRP in diagnosis of
neonatal sepsis was 70.07%.

Blood culture is the gold
standard for the diagnosis of
septicemia and  should be
performed in all cases of

suspected sepsis prior to starting
antibiotics. A  positive blood
culture with sensitivity of the
isolated organism is the best guide
to antimicrobial therapy Kayange
et al. (2010).

In the present study, As regards
the type of bacteria isolated from
blood cultures gram-negative
bacteria accounted for the majority
of the culture growth, Klebsiella
was isolated in 66.7%, on the
other hand staph aureus was found
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in 23.3%, (MRSA) was found in
6.7%, Pseudomonas was found in
3.3%. The predominance of gram
negative bacteria in this study was
agree with previous study done in
Egypt by Ahmed et al. (2000) &
Mohsen et al. (2017) they found
that gram negative bacteria
accounted for the majority of the
culture growths. Also at a NICU
of Beni-Suef University Hospital,
the most common organism
identified was K. pneumonia
Fahmey S. (2013).

On the contrary, in study by
Abosalem, et al. (2009) gram-
positive bacteria accounted for the
majority of the culture growth,
staph was isolated in 50%, and on
the other hand klebsiella was
found in 26.7% Enterobacter in
16.7% and E coli on 6.7%. At the
study by EI Beshlawy et al.
(2010) showed that the most
prevalent organism in the blood
culture studies was
Staphylococcus aureus. Also a
study by Anwer et al. (2000)
conducted in Karachi; gram
positive organisms were the main
cause of neonatal sepsis. Also at
Ain Shams University,
Staphylococcus aureus was the
most common organism isolated
in neonates with early and late
onset sepsis Draz et al. (2013).

In our study we found that
Antithrombin decreased more with

pseudomonas & klebsiella while
protein C decreased more with
staph aureus& Klebsiella. While
Barton et al. (2000) found that
their levels are decreased more
with gram negative bacteria. Also
Abosalem, et al. (2009) found
that Antithrombin and protein C
levels are decreased irrespective to
the type of the microorganism that
causes neonatal sepsis.

These findings prove that every
neonatal unit has its own pattern
of microorganisms which change
from time to time and
antimicrobial combinations should
be altered according to culture
results.

In the present study we found
that Antithrombin and protein C
levels are decreased in late onset
sepsis, Anti-thrombin in Suspected
Sepsis was (54.9 + 10.7)% & in
Confirmed Sepsis was (35.7 *
9.05) % while Protein C in
Suspected Sepsis was (41.2 £ 8.5)
% & in Confirmed Sepsis was
(153 = 6.4) % with highly
significant  difference  between
studied groups.

El Beshlawy et al. (2010)
showed marked decrease in the
level of the physiologic inhibition
system of coagulation including
antithrombin, protein C, and
protein S in 100% of cases,
compared to the control group.
Mathieu et al. (2006) found that
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that a fall in the levels of protein C
and antithrombin may identify
patients at risk of developing sever
sepsis and multisystem failure.
The decrease in protein C and
antithrombin also seems to occur
early in the disease process.
Protein C and Antithrombin could
thus be useful in the evaluation of
the septic patient.

This agree with Lauterbach et
al. (2006) who have also
highlighted the importance of
plasma antithrombin and protein C
levels in early recognition of late-
onset sepsis in newborns and
mentioned that protein C may also
have a prognostic value, because
of the high statistical significance
(p .0016) between plasma protein
C functional level and the risk of
death . While other studies
Abosalem, et al. (2009) found
that Antithrombin and protein C
levels are decreased irrespective to
the onset of sepsis (early or late
onset).and this agree with Betul et
al. (2006) who found that initial
Antithrombin level of patients
confirmed to have sepsis by
clinical and laboratory findings
were determined to be
significantly lower than that of
patients who had negative
laboratory findings irrespective to
time of sample.

In our study we found that the
prognosis of disease is bad in
patient with lower levels of

Antithrombin and protein C
compared to the suspected &
control group. This agree with
Choi Q et al. (2014) who stated
that protein C exhibit best
discriminating power for overt-
DIC among anticoagulant
proteins. Antithrombin and protein
C related with DIC score and
showed significant prognostic
power, especially in patients with
sepsis/severe infection and agree
with Abosalem, et al. (2009) and
this agree with Betul et al. (2006)
who studied the prognostic value
of Antithrombin , fibrinogen and
platelet count. It revealed that the
only independent variable that had
a significant  impact  was
Antithrombin  level and an
increase of one unit in
Antithrombin levels decreased the
risk of mortality by a factor of 0.5.

In our study As regard to
Antithrombin Using ROC curve, it
was shown that Anti-thrombin can
be used to discriminate between
patients with confirmed sepsis and
patients with suspected sepsis at a
cutoff level of < 42.5, with 76.7%
sensitivity, 90% specificity, 88.5%
PPV and 79.4% NPV (AUC =
0.91, p-value < 0.001). Betul et al.
(2006) found that sensitivity of
Antithrombin was 92.3 % while
specificity was 61.9%, positive
predictive value (PPV) and
negative predictive value (NPV)
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were 60.0% and
respectively.

92.8%

In our study As regard to
Protein C Using ROC curve, it
was shown that protein C can be
used to discriminate between
patients with confirmed sepsis and
patients with suspected sepsis at a
cutoff level of < 28, with 100%
sensitivity, 96.7%  specificity,
96.8% PPV and 100% NPV (AUC
= 0.99, p-value < 0.001).Choi Q et
al (2014) found that The AUCs
(95%CI) were 0.676 (0.586-
0.758), 0.744 (0.657-0.818), for
antithrombin, protein C. Among
them, the AUCs  showed
significant difference (P<0.05).

In our study we found mortality
incidence was 13.3% in suspected
sepsis & 36.7% in confirmed
sepsis. Abosalem, et al. (2009)
found that mortality incidence was
43% of the septic neonates were
died, while 57% were alive. While
Lauterbach et al. (2006) found
that 43.3% live 33.3% died with
DIC 23.3 % died with no DIC.

CONCLUSION

Anti-thrombin and Protein C
have high predictive value in
diagnosis of LOS as their level
were significantly lower in
neonates with  sepsis, either
confirmed or suspected. The
lowest values of plasma AT and
PC were observed in neonates

who had died in the course of
sepsis. Antithrombin and protein
C are more reliable markers of
neonatal sepsis versus other
parameters of sepsis as TLC and
I/T ratio. They are also a quick
diagnostic parameters of sepsis
neonatorum compared to blood
culture for example. Measurement
of plasma AT and PC levels,
together with C-reactive protein
and total leukocyte count with
differential, may facilitate the
recognition of sepsis.

Also high Anti-thrombin and
Protein C levels have good
prognostic value while marked

decrease in Anti-thrombin and
Protein C levels has bad
prognosis.

Recommendations:

* Anti-thrombin and Protein C
should be routinely measured
in any case of neonatal sepsis.

 Wide scale study for use of
protein ¢ is needed in severe
late onset sepsis as add on
therapy.
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