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Abstract  

Background:  Neonatal sepsis is a life-threatening disease  
that remains a major cause of morbidity and mortality in the  
newborn. Early recognition and implementation of appropriate  
therapy offers the best outcome, and careful assessment of  
the newborn is essential. Early-onset sepsis (EOS) presents  
a fulminant multi-system illness during the first days of life.  
Early detection of neonatal sepsis is difficult as the clinical  

signs are non-specific and indistinguishable from those caused  
by a variety of neonatal non-infective disorders such as  
aspiration syndrome and respiratory distress syndrome. An  
important early event in sepsis is the generation and release  

of cytokines by immune cells in response to invasion by  
bacteria and their toxins. Flow cytometry analysis of cell  

surface antigens (CD64, CD11b, CD32, CD16, CD69, CD25,  
and CD45) have been performed to detect neonatal sepsis.  

Aim of Study:  To evaluate the usefulness of estimation  
of neutrophil expression of CD64 and CD1 1b in bacterial  
neonatal sepsis and to investigate possible relationship between  
their levels, other markers of sepsis as total leucocytec count  

(TLC), platelet count and C Reactive protein (CRP), whether  
levels of expressed CD64 and CD11b correlated with severity  
of illness, survival or not and to investigate the possible  
relation between CD64 and CD11b.  

Patients and Methods:  All Newborns were subjected to  
complete blood count (CBC), CRP, blood cultures and flow-
cytometry analysis that had been done for detection of CD  
64, CD11b on neutrophils.  

Results:  All prospective study enrolled newborns docu-
mented sepsis group (n=40) and control newborn group (n=40).  
It was found that the blood cultures in sepsis group demon-
strated the presence of E.coli, KlebsiellaPneumoniae, Staphau-
reus, Staph Hominis, Staph lentus and Pseudomonas aerog-
enosa. Also, the mean levels of CD64 and CD11b in sepsis  
group were significantly higher than that in healthy group p  
value is 0.001. ROC analysis showed that both CD64 and  
CD1 1b could be used for early detection of sepsis with  
sensitivity and specificity of more than 97%.  

Conclusion: The expression of the neutrophil activation  
markers CD11b and CD64 could be a reliable tool for early  
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prediction and diagnostic of early detection of bacterial  
neonatal sepsis in the suspected presence neonate, irrespective  
to otherlaboratory results and before the evolution of clinical  
signs. Thus, they might indicate the necessity of early initiation  
of antibiotic treatment for sepsis, with corresponding improve-
ment of the outcome, and reduce the unnecessary use of  
antimicrobials in non-infected neonates, without waiting for  
definitive microbiologic results.  
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Introduction  

NEONATAL  sepsis is life-threatening condition  
occurring within the first 28 days of life, despite  
advances in Neonatal care, neonatal sepsis is still  

a significant cause of morbidity and mortality [1] .  
Bacterial Neonatal Sepsis can be defined as any  
systemic bacterial infection confirmed by a positive  
cultures in the first month of life. Up to 10%,  
infants have infections in the first month of life,  
the matter that results in 30-50% of total neonatal  
deaths in developing countries [2] . EOS is defined  
by onset in the first week of life, with some studies  
limiting EOS to infections occurring in the first  
72 hours that are caused by maternal intrapartum  
transmission of invasive organisms [3] . Late-onset  
sepsis (LOS) is usually defined as infection occur-
ring after 1 week and is attributed to pathogens  
acquired postnatally. Risk factors for neonatal  
sepsis include maternal factors, neonatal host  
factors, and virulence of infecting organism [4] .  
Despite efforts to detect Group B streptococci  
(GBS) colonization during pregnancy and provide  
appropriate GBS prophylaxis to colonized mothers,  

not all cases of early-onset GBS are prevented and  
GBS continues to be the most common cause of  
EOS in term neonates. Sepsis caused by E.coli  
increased in recent years. Together, GBS and E.coli  
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account for about 70% of cases of EOS in the  
neonatal period [5] . The earliest signs of sepsis  
often are subtle and nonspecific as poor feeding,  

diminished activity, or “not looking well” [6] .  
Respiratory distress, apnea, lethargy, fever or  

hypothermia, jaundice, vomiting, diarrhea and skin  

manifestations, including petechiae, abscesses and  

sclerema may be present [7] . The diagnosis of  
systemic infection in the newborn is difficult. A  

history of one or more risk factors for neonatal  

sepsis associated with the pregnancy and delivery  

often is associated with early-onset infection, but  

there can be no clues before the onset of subtle  

signs in a term infant who develops LOS.  

Diagnosis of neonatal sepsis is still difficult.  
The gold standard for detecting bacterial sepsis is  

blood culture [8] . However, as pathogens in cultures  
are only detected in approximately 25% of patients,  
the sensitivity of blood culture is suspected to be  
low [9] . These lead to unnecessary exposure to  

antibiotics before presence of sepsis has been  

proven with potentially poor outcomes, Clinicians  
have long sought reliable markers to detect sepsis  
early in its course and to exclude diseases of non-
infectious origin [9] . Flow cytometry analysis of  
cell surface antigens (CD64, CD11b, CD32, CD16,  

CD69, CD25, and CD45) has been performed to  

detect neonatal sepsis [10] . CD64 and CD11b are  
glycoproteins, known as FC gamma receptor 1  
(FCγR1), play a coordinating role in immunity and  

mediates functions such as endocytosis, phagocy-
tosis and cytokine production. CD64 and CD11b  
are high affinity receptors normally expressed by  
monocytes and only to a small extent by neutrophils  
during bacterial infections, the neutrophil expres-
sion of CD64 and CD 11b is markedly increased  
[11] .  

Aim of this study to evaluate the usefulness of  

estimation of neutrophil expression of CD64 and  

CD11b in bacterial neonatal sepsis and to investi-
gate possible relationship between their levels,  

other markers of sepsis as total leucocytec count  

(TLC), platelet count and C Reactive protein (CRP),  

to determine whether levels of expressed CD64  

and CD11b correlated with severity of illness,  
survival or not and to investigate the possible  

relation between CD64 and CD11b.  

Patients and Methods  

Study design and patients:  
This cross sectional study conducted over the  

period from January 2016 to September 2016 at  

neonatal intensive care unit (NICU) of Al-Azhar  

Assiut University Hospital and Sohag University  
Hospital (40 with bacterial sepsis and 40 apparent  

healthy neonates as controls).  

Inclusion criteria:  Newborns with bacterial  
sepsis provided by risk factors and laboratory work  

up irrespective to postnatal age (either cultures  

positive or cultures negative).  

Exclusion criteria:  Newborns with sepsis other  
than bacterial and those with congenital anomalies,  
malignancy, hypoxic ischemic encephalopsy Path-
ological jaundice (RH or ABO incompatibility) or  
pallorfor any reason as cephalohematoma were  

excluded from our study.  

Newborns were subjected to the following:  

- Full clinical history including personal history  
as age, sex, present history with emphasis on  

date of onset, precipitating factors, course and  

duration of the disease and presence or absence  

of symptoms suggestive of sepsis and prenatal,  

maternal and obstetric history.  

- Examination include, the resuscitation need, need  

for incubation care, gestational age assessment  

and clinical diagnosis of sepsis.  

- Chest and abdominal X-ray if indicated [9] .  

- Laboratory Investigations.  

Complete blood count CBC on an automated  
cell counter (SysmexX-2000i series, CD64 and  

CD11 expressionusing BD FACSCalibur flow cy-
tometer (Paraskevas et al., 2004). C-reactiveprotein  

(CRP) detection by semi quantitative measurement  

by ATLAS combridge, cb4 owx UK (Mishra et al.,  
2006).  

Blood cultureusing blood culture bottles  
(BACT/ALERT SA BIOMERIEUX, INC DURH-
AM, NC27704) was performed for all patients then  

incubated at 37ºC for up to7 days; Subculture was  
done on blood agar, chocolate agar and MacCo-
nkey's agar and identification of bacteria using  

VITEK 2 automated microbiology system.  

Sepsis in newborn is proved by the following  

laboratory indicators:  Immature neutrophil in-
crease, neutrophilia (neutrophil count >9000/ul,  

Thrombocytopenia (platelet count <100.000/ul,  

ESR >15, CRP >6mg/L and positive cultures.  

All control neonates show no sign of sepsis  
since birth till the time of sampling.  
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Statistical analysis:  
- Statistical package for social sciences (IBM-

SPSS), version 24 IBMnm-/. Chicago, USA was  

used for statistical data analysis.  
- Data expressed as mean, standard deviation (SD),  

number and percentage. Mean and standard de-
viation were used as descriptive value for quan-
titative data, while number and percentage were  

used to describe qualitative data.  
- Student t test was used to compare the means  

between two groups. Mann Whitney test was  

used in stead of Student t-test in case of non  
parametric data.  

- Pearson Chi square was used to compare percent-
ages of qualitative data, and Fisher's Exact test  

was used for non parametric data.  

- Pearson correlation test was used to compare  

two quantitative variables. The value of (r) is  
explained in the following figures:  
• r  <0.2 →  negligible correlation.  
• r  0.2-0.4 →  weak correlation.  
• r  0.4-0.7 →  moderate correlation.  
• r  0.7-1 →  strong correlation.  
• r  positive → positive correlation.  
• r  negative → negative correlation.  

- For all these tests, the level of significance (p-
value) can be explained as:  
• No significance p>0.05  
• Significance p<0.05  

- High significance p<0.001.  

Results  

The study includes 40 neonates with sepsis  
group (23 males and 17 females); their ages Mean  
±  SD (13.83±7.11) and 40 neonates not complain  
from sepsis as control group (25 males and 15  

females) their age Mean ±  SD (12.13 ±6.1). The  
difference in age and gender was non-significant.  

Also, we found that the mean birth weight in sepsis  

group was (2876± 1077gm) that is lower than in  
control group (3290±671gm) and this difference  
was statistically significant (p-value=0.001).  

As regard history of PROM, only 4 babies had  

PROM (3 were from sepsis group, 1 from healthy  
group). This difference was non-significant (p-
value=0.615), and regarding to gestational age in  

sepsis group 21 cases (52.5%) were preterm and  

19 cases (47.5%) were term and 10 cases (25%)  
preterm in control group and 30 cases (75%) and  

this difference was statistically significant ( p-value 
=0.03).  

Regarding the laboratory analysis of the two  
groups of our study, our results are as shown in  
Table (1) CBC show significant decrease hemo-
globin and platelets in sepsis group than control  
group p-value (<0.001) and significant increase  

WBCs in sepsis group than control group p-value  
(<0.001). While CRP was positive with among  
sepsis group, with a Mean ±  SD (128.90±  
68.41mg/l) but it was negative among all control  
group, Blood culture was positive in 92.5% of  

sepsis group (37 cases out of 40) but was negative  

in all of the 40 controls.  

Table (1): Comparison of the demographic, clinical, and  
laboratory data among studied groups.  

Characteristics  
Cases group  

N=40  
Control group  

n=40  
p- 

value  

Age group:  

0-7 days  11 (27.5%)  26 (65 %)  0.254  

>7 days  29 (72.5%)  14 (35%)  

Sex:  

Male  23 (57.5%)  25 (62.5%)  1  

Female  17 (42.5)  15 (27.5 %)  

Birth weight (kg):  
>2.5  22 (55 %)  35 (87.5%)  0.001  
1-2.5  18 (45 %)  5 (12.5%)  

Gestationalage:  

Preterm <37 weeks  21 (52.5%)  10 (25%)  
Term ≥37 weeks  19 (47.5%)  30 (75%)  

PROM:  

Yes  3 (7.5%)  1 (2.5%)  0.615  
No  37 (92.5%)  39 (97.5%)  

CBC:  
HB (gml)  11.83 ±2.81  13.92±1.50  <0.001  

Platelets (x10
3
/ul)  55.20±38.48  291.80±84.34  <0.001  

Total WB Cs x10
3
/ul  20.22±7.77  10.76±3.01  <0.001  

Neutrophil (%)  64.03±5.13  40.95±6.80  <0.001  
Band (%)  16.90±2.24  3.75±4.04  <0.001  
Lymphocyte (%)  16.5±6.08  52.25±8.00  <0.001  

CRP (mg/dl)  128.90±68.41  0  <0.001  

Blood culture:  

Positive  37 (92.5%)  0  <0.001  

Negative  3 (7.5%)  40 (100%)  

CD64  95.54±9.43  14.5±7.5  <0.001  
CD11b  86.04± 11.58  15.43±10.9  <0.001  

Regarding the onset of sepsis, we found that a  

little more than quarter of sepsis 11 cases (27.5%)  
had early onset sepsis, where the remaining 29  

cases (72.5%) had late onset sepsis. Following the  
outcome of the sepsis group we found that 5 babies  
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died from sepsis group. When we compare this  

fatality rate (12.5%) with the zero mortality among  
control group, the difference was significant (p-
value=0.021).  

Our study show that the mean level of CD64  

in sepsis group was much higher (95.54±9.44) than  
that of control group (14.51 ±7.51) and this differ-
ence was highly significant (p-value <0.001). The  
mean CD11b level was also higher among sepsis  

group (86.04± 11.58) than that in healthy group  
(15.43± 10.9) and this difference was highly signif-
icant (p-value <0.001).  

We found that the most commonly isolated organ-
ism was E.coli, seen in 17 cases, followed by Kleb-
siella pneumonia (seen in 10 cases). Staphylococci  

were isolated in 8 cases (Staph. aureus in 3 cases,  

hominis in 3 cases and lentus in 2 cases). Pseudomonas  

aerogenosa was isolated in only 2 cases. In 3 cases,  

no organism could be isolated. There is no significant  

difference between the onset of sepsis and the type  

of organism isolated (Table 2).  

Studying the correlation between CD64 and  
CD11b, we found that there is strong, positive and  

highly significant correlations between CD64 and  
CD11b, which mean that the two CDs are highly  
related to each other (Fig. 1). Comparison between  

the blood culture positive cases (37 cases) with  

the blood culture negative cases (3 cases) as regards  

CBC, we found that there is non-significant differ-
ence between the two groups (Table 3).  

Putting the values of CD64 and CD11b in a  

ROC curve model to assess if any of them can be  

used as a predictive marker of sepsis we found that  

both of CD64 and CD11b can be used to differen-
tiate sepsis cases from healthy controls both had  
a highly significant p-value. Using coordinate  
points of the above ROC curve, the most relevant  

cut off point for CD64 to differentiate cases from  

controls is 47.15, with a sensitivity of 97.5%, and  
a specificity of 100%. In addition, the most relevant  

cut off point for CD 11b is 51, with a sensitivity of  
100%, and a specificity of 97.5% in Table (4).  

Table (2): Isolated organisms among early and late onset sepsis patients.  

EOS LOS  

Type  No. % 
11 27.5  

No. % 
29 72.5  

Chi  
square  p-value  

Escherichia coli  3 27.3  14 48.3  1.440  0.230  

Klebsiella pneumonia  4 36.4  6 20.7  1.045  0.307  

Staph. Aureus  0 0  3 10.3  1.230  0.267  

Staph. Hominis  1 9.1  2 6.9  0.055  0.815  

Staph. Lentus  1 9.1  1 3.4  0.535  0.465  

Pseudomonas aerogenosa  0 0  2 6.9  0.799  0.371  

No growth  2 18.2  1 3.4  2.495  0.114  

Table (3): CBC, CD64, CD11 and CRP versus blood culture among sepsis cases.  

Blood culture  Blood culture  
positive  negative  t-test  p-value  

(37 cases)  (3 cases)  

CD64 Mean ±  SD  95.42±9.76  97.07±4.14  0.287  0.001  

CD11b Mean ±  SD  87.22± 10.23  71.5± 19.75  1.363  0.001  

CRP Mean ±  SD (mg/l)  127.68±68.30  144±83.14  0.393  0.03  

PLT Mean ±  SD (x10
3
/ul)  56.03±39.63  45±21  0.473  0.003  

Band Mean ±  SD (%)  17±2.17  15.67±3.22  0.992  0.001  

Lymphocyte Mean ±  SD (%)  16.41 ±5.95  17.67±8.96  0.342  0.734  

Table (4): Comparison of AUC Values, sensitivity, specificity, PPV, NPV from ROC curves  

between clinical sepsis and control group.  

Variable Area p-value Cut off values Sensitivity Specificity  

CD64  0.964  <0.001  47.15  97.5%  100%  97  98  

CD 11  0.986  <0.001  51 97.3% 97.7%  97.5  97  

PPV 
 

NPV  
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CD11b FITC  
Fig. (1A): Flowcytometry diagram showing positive for CD64  

and CD11b.  
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CD64 PE  
Fig. (2A): Flowcytometry diagram showing negative for CD64  

and CD11b.  

Fig. (3): Correlation between CD64 and CD11b (Pearson  
Correlation test (r): 0.951, p-value: <0.001).  
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Mouse LgG1 FITC  
Fig. (1B): Flowcytometry diagram showing control of the  

sample of the same patient.  
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Mouse LgG1 FITC  
Fig. (2B): Flowcytometry diagram showing control of the  

sample of the same patient.  

Discussion  

Neonatal sepsis is a life-threatening disease  
that remains a major cause of morbidity and mor-
tality in the newborn, mainly among preterm and  
low birth weight (LBW) infants  [13] . Early recog-
nition and implementation of appropriate therapy  
offers the best outcome, and careful assessment of  
the newborn is essential [14] . EOS occurs in new-
born infants with one or more obstetric complica-
tion including PROM [14] , premature onset of labor  
[15] , chorioamnionitis, or peripartum maternal fever  
[16] . Early detection of neonatal sepsis is difficult  
as the clinical signs are non-specific andindistin-
guishable from those caused by a variety of neonatal  

non-infective disorders such as aspiration syndrome  
and respiratory distress syndrome. It is therefore  
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recommended for all neonates who develop these  

signs to start empirical antimicrobial therapy [17] .  
An important early event in sepsis is the generation  

and release of cytokines by immune cells in re-
sponse to invasion by bacteria and their toxins [18] .  
These cytokines induce activation of leucocytes  
[10] . During neutrophil activation, surface adhesion  
molecules including L-selectin [19] , CD43, CD44  
[20]  and CD50 [21]  areexpressed and cleaved from  
neutrophil cell surface [22] . In contrast, the leuco-
cyte integrin Mac-1 (CD11b/CD18) and the high  

affinity Fcγ  receptor I (CD64) behave as activation  

antigens on neutrophils, increasing their expression  

on the surface of the cell after its activation and  

hence, are considered as specific neutrophil-surface  
activation markers [20] . Activation of CD11b and  
CD64 surface antigens expression had been shown  

by neonatal neutrophils to an extent similar to  

those of older children and adults, thus they could  

potentially be used for identification of neonatal  

life-threatening infections [23] .  

Rapid diagnosis of sepsis is problematic be-
cause the first signs of this disease may be minimal;  
furthermore, cultures is golden method for detection  

and identification of type of organisms and it is  
sensitivity, bacterial cultures are time consuming,  
other laboratory tests are either not available for  

routine use or lack sensitivity or specificity. In this  

situation, neonates with risk factors for infection  

or clinical suspicion of infection are empirically  

treated with antibiotics. In our study, mean of age  
in sepsis group was (13 days) that is more than  
healthy group (12 days). This was similar to studies  
by Ng et al., [24]  and Khassawneh et al., [25]  as  
mean age was 12.54±7.17 days in sepsis group and  
mean age was 13.80±7.46 days in healthy group.  
In addition, in our study number of male and female  
patients was equal in both groups, this was closly  
similar to that reported by Hodge et al., [10]  as in  
their study male: Female were 60%: 40%. We  
reported that CRP was very higher in sepsis group  

than healthy group which was less than 6mg/l, also  

mean number of PLT, Lymphocytes and HB was  
lower in sepsis group, also mean of number of  
neutrophil, WBCs and BAND was higher in sepsis  
groupthan that in healthy group. This confim results  

done by Livaditi et al., [26] , Groselj-Grenc et al.,  
[27]  as they reported significant differences in some  
laboratory data, the platelet count was significantly  
lower (p=0.001) and WBCs (p=0.01) and CRP  
were significantly higher (p=0.001) in patients  
group. In our study, most of the blood cultures in  

sepsis group demonstrated (37 cases) culture pos-
itive (92.5%), the presence of E.coli (17 cases),  

Klebsiellapneumoniae (10 cases), staph aureus (3  

cases), staph hominis (3 cases), staph lentus (2  

cases) and pseudomonas aerogenosa (2 cases), this  

percent is higher than usual, may be, due to five  

cases more likely to be contaminanted by (staph  

hominis 3 cases and staph lentus 2 cases). Stoll et  

al., [15]  found positive blood cultures for bacteria  
encountered in 22 (75.8%) of cases.  

We found that number of premature babies was  
equal in both groups, majority of babies in sepsis  
group improved (87.5%), only 4 babies had PROM  
(3 were from sepsis group, 1 from healthy group,  
also mean weight was higher in healthy group than  

sepsis group. This confirmed results done by Fujimi  
et al., [28] , Elghetany et al., [29]  as they found  
significantly lower mean birth weight (p<0.05) in  
septic group as compared to the non-septic group.  
In our study, mean CD64 in sepsis group was  

higher than that in healthy group. Rebuck et al.,  
[30]  found mean percentage of neutrophil CD64  
expression did not show significant difference  

between sepsis and non infection groups in initial  

samples obtained from cord blood (p>0.05). Pro-
gressive significant increases in mean CD64 ex-
pression in sepsis group in comparison to non-
infected neonates, were observed in subsequent  

blood samples obtained at 8 and 24hr, and peaked  

at 48hr (p<0.001, respectively), also we found  
mean of CD11b was higher in sepsis group than  

that in healthy group, there is strong and highly  
significant correlations between CD64 and CD11b.  

This confirm results reported by Livadili et al.,  
[26] , Groselj-Grenc et al., [27]  as they found levels  
of both CD64 and IL6 were significantly higher  
in cases than controls (p=0.001). Another group  
of investigators found that CD64 expression was  
elevated in most survivors and non-survivors of  

septic shock as compared to non-septic adult pa-
tients [31] . Weirich et al., [32]  and Nupponen et al.,  
[33]  found an increased expression of CD11b in  
neonatal sepsis that seemed superior to CRP in the  

detection of inflammation at its early stage. The  

same findings were also confirmed by El-Kerdaniet  
al., [34]  and Khazbak et al., [35]  who suggested that  
CD11b is normally expressed at a low level on the  

surface of neonatal non-activated neutrophils. Its  

expression on neutrophil cell surface, however,  
increases substantially within a few minutes after  

the cell comes in contact with bacteria or endotoxins  

thus it could be superior to CRP and the hemato-
logical scoring system in the early detection of  
neonatal sepsis. Davis and Bigelow [36] , Nuutilaet  
al., [27]  and Rudensky et al., [38]  reported that  
neutrophil CD64 expression is an improved diag-
nostic indicator of sepsis. The results of our study  
are in line with this as we found significantly  

elevated levels of CD64 in septic neonates when  

compared to healthy controls. These findings are  
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also in agreement with other studies Shao et al.,  
[39]  and Ng et al., [40]  which reported the same  
results in neonate's with EOS. With compare the  

results of CD64 and CD11b is positivein bacterial  

neonatal sepsis and negative with other neonatal  
conditions as bowel obstruction in the newborn,  

congestive heart failure ...etc. In our study, ROC  
analysis showed that both CD64 and CD11b could  
be used for early detection of sepsis with sensitivity  
and specificity of more than 97%. Also, ROC  
analysis showed that both CD64 and Cd1 1b could  
be used for prediction of positive blood culture  
patients with sensitivities of more than 97% and  

specificities of 93% and 98%; respectively.  

Conclusion:  
The expression of the neutrophil activation  

markers CD11b & CD64 could be a reliable tool  

for early prediction and diagnostic of early detection  

of bacterial neonatal sepsis in the suspected neonate,  
irrespective to other laboratory results and before  

the evolution of clinical signs. Thus, they might  
indicate the necessity of early initiation of antibiotic  
treatment for sepsis, with corresponding improve-
ment of the outcome, and reduce the unnecessary  

use of antimicrobials in non-infected neonates,  
without waiting for definitive microbiologic results.  
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