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Introduction: Neonatal sepsis can quickly progress to multi-organ failure with high mor-
bidity and mortality, making early diagnosis mandatory. Although being the gold standard, 
the long duration of blood culture may lead to hazardous neonatal complications. Sepsis 
activates monocytes and changes their subset distribution with the resultant activation of 
lymphocytes and adaptive immune cells changing the plasma cytokines levels.
Subjects and Method: Percentages of monocytes subsets, pattern of monocytes surface 
CD86 expression and serum IL-17 compared to serum procalcitonin were measured in 30 
neonates with early sepsis and compared with age and sex matched 30 apparently health 
neonates as a control group.
Results: Gestational age, neonatal weight and hemoglobin concentration were significantly 
low in septic neonates vs the control group. Percentages of intermediate, nonclassical and 
CD86 positive monocytes, the mean fluorescence intensity of CD16 on CD16 positive 
monocytes, and serum levels of CRP, IL-17 and procalcitonin were significantly increased 
in septic neonates compared with the control group.
Conclusion: Early neonatal sepsis was associated with increasing the percentage of CD86 
positive monocytes. Serum IL-17 levels were positively correlated with increased serum 
procalcitonin.
Keywords: neonate, sepsis, monocyte, procalcitonin, IL-17

Introduction
Neonatal sepsis (NS) is the most common cause of mortality in neonates despite 
suitable medical therapy.1 Early onset sepsis is defined as infection of the blood 
stream in the neonate in the first 72 h of life and is caused by bacterial pathogens 
transmitted from mother’s genitourinary tract to infant before or during delivery.2

Early detection and diagnosis of NS is essential as the clinical symptoms are 
nonspecific, so surrogate biomarkers of sepsis are necessary due to the long 
duration of blood cultures, although they are the gold standard of diagnosis.3

Monocytes have the ability to recognize the invading pathogen as they are 
members of the mononuclear phagocytic system.4 They were initially defined as 
a homogeneous population on the basis of morphological, cytochemistry, and 
flowcytometric characteristics, More recently, they were divided into three subsets, 
classical monocytes (CD14++CD16−), nonclassical monocytes (CD14+CD16++) 
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representing approximately 90% and 5% of circulating 
monocytes respectively, and intermediate monocytes 
(CD14++CD16+).5

The monocyte co-stimulatory molecules as CD86 are 
important for lymphocytes and adaptive immune system 
activation.6 Sepsis is associated with changes in monocyte 
subsets and alteration of the expression of surface CD86 
on monocytes.7

The gram-positive bacteria can bind to toll-like recep-
tor (TLR)-2 via peptidoglycan and the gram-negative bac-
teria binds to TLR-4 via lipopolysaccharide. In immune 
cells, TLR-2 and TLR-4 activate the cytosolic nuclear 
factor kappa-B (NF-κB), and this enhances cytokine pro-
duction. CD4+ T helper cells play an important role in 
severe sepsis. CD4+ T helper (Th) cells can differentiate 
toward Th1, Th2, Th17, and regulatory T phenotypes 
according to different cytokine induction.8

The switch towards the Th17 is helped by combination 
of interleukin (IL)-6 and transforming growth factor 
(TGF)-β. Th17 cells can produce IL-17A and IL-17F, 
they are a potent inflammatory cytokine.8

IL-23 expands the Th17 cell population by upregulat-
ing signal transducers and activators of transcription 
(STAT)-triggered RORγt and subsequent promotion 
release, so, IL-23 is recognized as a potent inducer of 
IL-17A. The so-called “IL-17/IL-23 axis” is a key element 
in inflammation and is involved in the immune responses 
to fungal and bacterial infection. The other cytokines as 
IL-1, and IL-18 reinforce the action of IL-23.9

It is postulated that IL-17 is an essential contributor to 
the recruitment of neutrophils and monocytes, and also 
helps in induction of activation of human macrophages, 
which secrete cytokines such as IL-1β and TNF-α.9

The aim of this work is to assess the alteration of 
monocyte subsets and the monocytes co-stimulatory mole-
cule; CD86 as early diagnostic markers of neonatal sepsis 
in comparison with the serum procalcitonin and to study 
the effect of monocyte activation on IL-17 level as 
a marker of T lymphocyte activation.

Patients and Methods
Study Design
This study was observational case-control study that con-
ducted in the neonatal intensive care unit (NICU) of Al- 
Zahraa University Hospital, Faculty of Medicine for Girls, 
Al-Azhar University, Cairo, Egypt, in the period from 
October 2020 to April 2021.

Written informed consent was obtained from the par-
ents of each neonate. The study protocol was approved by 
the local Ethics Committee of AL-Azhar University, 
Faculty of Medicine (for Girls), Cairo, Egypt council 
number 202010469, and all procedures were in accordance 
with the Declaration of Helsinki.

Study Population
Sixty neonates were included, 30 neonates with proven 
sepsis and positive blood culture (sepsis group) and 30 
age and sex matched controls showing no clinical or 
laboratory evidence of sepsis (control group). Postnatal 
age ranged between 1 and 3 days. They were 15 males 
and 15 female for both groups.

Methods
Patients and controls were subjected to full history taking, 
general and systemic examinations. Blood sample were 
obtained for sepsis screen at the first 72 h; complete 
blood count (CBC), blood culture and sensitivity, serum 
C-reactive protein (CRP), procalcitonin (PCT) and IL-17 
and flow cytometric assessment of expression of CD16 
and CD86 on peripheral blood monocytes.

Four milliliters of venous blood was withdrawn and 
divided into two aliquots; 2 mL were evacuated in EDTA 
tube for CBC and flow cytometry. The remaining part was 
evacuated in serum-separator tube, centrifuged at 3500 rpm 
for 10 min; 2 mL serum were used for C-reactive protein, and 
the remaining part was frozen at −20°C for analysis of pro-
calcitonin and IL-17 using quantitative double-antibody sand-
wich ELISA kit (Bioassay Technology Laboratory, China, 
Cat. No. E0977Hu and E0142Hu, respectively), AS1851 
Das; Italy (reader) and 16041412 BioTek; USA (washer).

For flow cytometric analysis, phycoerythrin Texas red 
conjugate (ECD) labeled anti-CD45, fluorescein isothio-
cyanate (FITC) labeled anti-CD16, phycoerythrin (PE) 
labeled anti-CD14, and allophycocyanin (APC) labeled 
anti-CD86 monoclonal antibodies with ECD, FITC, PE, 
and APC negative isotype controls (BD biosciences, 
Hungary) were used. Antibodies were titrated to determine 
optimal concentrations used.

Total leukocyte count (TLC) was adjusted to 5– 
10×109/L using a phosphate buffered saline (pH:7.4). 
Beckman Coulter Navios (USA) was used.

Monocytes were gated by the CD45/side scatter gating 
strategy (bright CD45 and moderate side scatter). Their 
CD14, CD16 and CD86 expression were analyzed, and the 
proportions of different monocyte subsets were calculated 

https://doi.org/10.2147/IDR.S335057                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2021:14 5376

El Sehmawy et al                                                                                                                                                     Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


as follows: classical monocytes (CD14++/CD16−), inter-
mediate monocytes (CD14++/CD16+) and nonclassical 
monocytes (CD14+/CD16++).

Statistical Analysis
Data were analyzed using Statistical Program for Social 
Science (SPSS) version 20.0. Quantitative data were 
expressed as mean ± standard deviation (SD). Qualitative 
data were expressed as frequency and percentage. Chi- 
squared (χ2) test of significance was used in order to 
compare proportions between two qualitative parameters, 
while Independent-samples t test of significance was used 
when comparing between two means. The receiver operat-
ing characteristic (ROC) curve was used to assess the best 
cutoff point with sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV). 
Significance was considered at P-value ≤0.05.

Results
Thirty neonates with early onset proven sepsis (positive 
blood culture within the first 72 h) after birth (sepsis 
group) were compared to 30 postnatal age and sex 
matched healthy neonates (control group).

No statistical significant difference was found between 
the two studied groups regarding general, clinical and 
routine laboratory data (P>0.05) except for the significant 
low gestational age and hemoglobin concentration and 
high CRP level in sepsis group vs the controls (Table 1).

The results of blood culture in group with sepsis 
showed that Klebsiella pneumoniae was the most isolated 
causative organism of sepsis (30%) followed by methicil-
lin-resistant Staphylococcus aureus (MRSA) (23.3%) and 
(Acinetobacter, coagulase negative Staphylococci and 
Escherichia coli) (Figure 1).

The CD86 positive, intermediate and nonclassical 
monocytes, CD16 mean fluorescence intensity (MFI) on 
CD16 positive monocytes, and serum IL-17 and procalci-
tonin levels were significantly increased in septic neonates 
vs the control group (p<0.05) (Table 2).

Sensitivities and specificities for early detection of 
early neonatal sepsis as calculated on ROC curves for 
IL-17, procalcitonin level, percentage of CD86 positive 
monocytes, CD16 MFI on CD16 positive monocytes and 
CRP are shown in Table 3.

Flow cytometric results, monocyte gating on the CD45/ 
side scatter, CD14/CD16 expression on the gated mono-
cytes, monocyte subclasses, histogram of CD86 expression 

Table 1 General and Laboratory Data of Studied Neonates

Control Group Patients Group Test Value P-value

N=30 N=30

Sex Female 15 (50.0%) 15 (50.0%) 0.000 1.000
Male 15 (50.0%) 15 (50.0%)

Gestational age (weeks) Mean ±SD 37.33±1.90 36.03±2.47 2.285 0.026
Range 33–40 30–39

Weight/kg Mean ±SD 2.78±0.52 2.42±0.51 2.726 0.008
Range 1.9–3.8 1.1–3.5

WBC 1000/mm3 Mean ±SD 9.59±3.29 10.42±5.58 −0.699 0.488
Range 5.6–17.1 3–24

Hemoglobin g/dL Mean ±SD 13.78±2.19 12.02±2.05 3.208 0.002
Range 10–18.9 8.9–17

Platelet 1000/cm Mean ±SD 212.43±85.75 195.90±105.28 0.667 0.507
Range 17–379 40–596

CRP mg/L Median (IQR) 5 (4–6) 30 (24–48) −6.444 0.000
Range 3–12 6–146

Abbreviations: WBC, white blood cells; CRP, C-reactive protein; SD, standard deviation; IQR, interquartile range.
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on monocytes, histogram of CD16 expression on mono-
cytes are shown in Figure 2.

Discussion
Early diagnosis and proper management of neonatal sepsis 
are essential to prevent the life-threatening complications 
in NICU.1

Monocytes have an important role in both the innate 
and adaptive immunity through antigen presentation, cyto-
kine secretion, expression of co-stimulatory molecules 
which activate cells of the adaptive immunity.6

This study included 30 neonates with proven sepsis and 
positive blood cultures and 30 control neonates, divided 
into 15 males and 15 females for each group. The aim of 
this work was to study the pattern of monocyte subsets and 
their expression of the co-stimulatory molecule; CD86 as 
early markers of the early onset neonatal sepsis and to 
study the effect of monocyte activation on IL-17 level as 
a marker of T lymphocyte activation and comparing all 
with serum procalcitonin.

In the current study, gestational age of neonates was 
significantly lower in the sepsis group than the control 
group. This is consistent with the study of Mustefa et al,10 

Perez et al,11 El-Madbouly et al12 and Rafi et al.13 In 
contrast, Adatara et al14 and EL Meneza et al15 found no 
significant difference regarding the gestational age in their 
study on the early neonatal sepsis.

The present study showed a significantly low hemoglo-
bin concentration in sepsis group than the control that is 
consistent with many studies, such as Hematyar et al and 
Elgendy et al16,17 Anemia in septic neonates may result 

Table 2 Percentage of Monocyte Subset and CD86 Positive Monocytes and Serum Levels of Procalcitonin and IL-17 in the Studied 
Groups

Control Group Patients Group Test Value P-value

N=30 N=30

Monocytes (%) Median (IQR) 6.4 (3.6–9.7) 7.1 (3.3–9.6) −0.133 0.894
Range 0.1–19.7 1.4–22.3

CD86+ monocytes (%) Median (IQR) 24 (14.9–30.7) 78.35 (44.1–91.4) −6.003 0.000
Range 5.1–45.5 26.5–100

CD86 MFI Median (IQR) 2.4 (1.3–5.2) 1.65 (1.3–3.9) −0.407 0.684
Range 1–7.5 1.1–7.2

Classical monocytes (%) Median (IQR) 80.6 (75.8–86.8) 81.2 (46.6–88.3) −0.673 0.501
Range 9–93.7 1.1–95.1

Intermediate monocytes (%) Median (IQR) 4.5 (3–7.7) 10 (6–33.5) −3.645 0.000
Range 0.4–27.8 2.9–49.3

Nonclassical monocytes Median (IQR) 0.25 (0–1) 4.3 (1.9–11) −5.348 0.000
Range 0–10.4 0.8–48.8

CD16 MFI Median (IQR) 3.4 (2.5–5.7) 8.7 (5.2–15) −4.318 0.000
Range 1–24.7 2.7–45

Procalcitonin (pg/mL) Median (IQR) 156 (143–166) 225.5 (190–303) −5.924 0.000
Range 0.2–201 143–738

IL-17 (ng/L) Median (IQR) 101.5 (84–134) 421.5 (162–646) −5.501 0.000

Range 65–354 101–728

Abbreviations: MFI, mean fluorescence intensity; IL-17, interleukin 17; SD, standard deviation; IQR, interquartile range.

Figure 1 Microorganism results of blood culture in the septic group.
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from inhibition of erythropoiesis and prematurely senesced 
RBCs or malnutrition.18

Blood culture was the main stem method for the diag-
nosis of NS. In the current study, K. pneumoniae was the 
most isolated causative organism of sepsis (30%) followed 
by methicillin-resistant S. aureus (23.3%). This was in 
agreement with the studies of Morad et al19 and EL 
Meneza et al20 who revealed that Klebsiella species were 
the most common causes of early neonatal sepsis.

While other studies were done in Egypt as reported by 
Awad et al21 and found that the most common isolated 
organism was E. coli in both early and late onset sepsis 
(41.2% and 24.5% respectively), also Seliem and Sultan22 

demonstrated that coagulase negative Staphylococci fol-
lowed by K. pneumoniae and Serratia marcescens were 
the isolated bacteria in the study done on early neonatal 
sepsis. This difference may be caused by difference in 
local epidemiology in addition to different care practices 
between medical centers.

In the current study, PCT level was significantly ele-
vated in sepsis group vs control group and its ROC curve 
revealed that at the cutoff value >170 pg/mL with 
a sensitivity of 96.67%, specificity of 86.67%, AUC of 
0.945, PPV of 87.9% and NPV of 96.3%. Our results were 
matched with that reported by Morad et al19 who stated 
that the mean value of PCT was significantly higher in 
newborn with early sepsis than the control with 97.6% 
sensitivity, 89% specificity, 97.6% PPV and 88.9% NPV, 
also Adib et al23 found the procalcitonin has 75% sensi-
tivity, 80% specificity in diagnosis of early neonatal sepsis.

To our knowledge there were few studies in infants 
which demonstrated the monocyte subset pattern and their 
expression of these molecules in neonatal sepsis. In the 
present study, there was no significant difference in the 
proportion of peripheral blood monocyte in the sepsis 
group vs control, while El-Gamal et al24 and 

Skrzeczyñska et al25 found a significantly higher 
monocyte percent in the sepsis group than in the controls.

There was a significant increase in the proportion of 
intermediate and nonclassic monocytes in septic neonates 
with a cutoff value in sepsis detection of >4.5% and 
>0.7%, respectively. This is concordant with the result of 
El-Gamal et al,24 Skrzeczyñska et al.25 In addition, 
Skrzeczyñska et al25 found that the majority of CD16+ 

monocytes are intermediate in septic neonates and 
children.

El-Gamal et al24 conclude that the intermediate and 
nonclassical monocytes are considered the activated more 
mature subsets of monocytes, which increase in sepsis.

The CD16+ monocytes were labeled to as pro- 
inflammatory monocytes based on their capacity for pro-
duction of various inflammatory cytokines and higher 
potency of antigen presentation compared to classic 
monocytes.26

In the present study, the mean fluorescence intensity 
(MFI) of CD16 expression on the monocytes was higher in 
the sepsis group and its ROC curve for detection of neo-
natal sepsis revealed that at the cutoff >4.3, it has sensi-
tivity, specificity, PPV, and NPV of 90%, 63.33%, 71.8%, 
and 90.5%, respectively.

El-Gamal et al24 found that the MFI of CD16 on CD16 
positive monocytes was higher in septic neonates than 
controls, with a cutoff of >9, sensitivity of 100% and 
specificity of 66.7% in predicting neonatal sepsis with 
a PPV of 82.8% and a NPV of 100%.

The CD86 is a co-stimulatory molecule expressed on 
monocytes and has an important role in lymphocyte 
activation.6 Monocyte activations in sepsis leads to 
increased expression of CD86.26

In the present study, there was a significant increase the 
proportion of CD86 positive monocyte in sepsis group 
compared to the control and its ROC curve revealed that 

Table 3 Cutoff Values, Sensitivities, and Specificities for Serum IL-17 and Procalcitonin Level, Percentage of CD86 Positive Monocytes, 
CD16 MFI on CD16 Positive Monocytes and CRP in Early Detection of Early Neonatal Sepsis

Parameter AUC Cutoff Point Sensitivity (%) Specificity (%) PPV (%) NPV (%)

CD86+ monocytes (%) 0.951 >36 90.0 90.0 90.0 90.0

CD16 MFI 0.824 >4.3 93.33 63.33 71.8 90.5

IL-17 (ng/L) 0.913 >145 86.67 90.00 89.7 87.1
Procalcitonin (pg/mL) 0.945 >170 96.67 86.67 87.9 96.3

CRP 0.980 >6 96.67 86.67 87.9 100.0

Abbreviations: MFI, mean fluorescence intensity; IL-17, interleukin 17; CRP, C-reactive protein; AUC, area under curve; PPV, positive predictive value; NPP, negative 
predictive value.
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Figure 2 Flow cytometric results. (A) Monocyte gating on the CD45/side scatter, (B) CD14/CD16 expression on the gated monocytes. (C) CD14/CD16 expression on the 
gated monocytes. (D) Monocyte subclasses; CD14++/CD16– classical monocytes (L) and (M), CD14++/CD16+ intermediate monocytes (O) and (P) and CD14+/CD16+ 

nonclassical monocytes (Q). (E) Histogram of CD86 expression on monocytes. (F) Histogram of CD16 expression on monocytes.
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proportions of CD86 positive monocyte >36% have 
a 90.0% sensitivity and specificity in the diagnosis of 
neonatal sepsis.

Skrzeczyñska et al25 found that the proportion of CD86 
positive monocytes was lower in septic neonates and chil-
dren compared to control. Redondoa et al27 observed that 
in the presence of an infectious stimulus, the newborns 
showed lower MFI for CD86 than in the adult individual 
suggesting a lower activity of monocytes expressing CD86 
on their surface in newborns.

Gille et al28 revealed that compared to adults, cord 
blood or neonatal monocyte show decreased basal expres-
sion and capacity to upregulate CD80 and/or CD86.

Bacterial products activate monocytes to secret IL23 
which increases the release of IL-17 by T helper cells and 
mediates the pro-inflammatory responses, triggering the 
production of many other cytokines as IL1, IL6 and 
TNFα.29

In the current study, serum IL-17 level was signifi-
cantly higher in sepsis group than control (P=0.000). 
AUC for prediction of neonatal sepsis using serum IL-17 
level was high (0.913). At the cutoff value of >145 ng/L it 
has a sensitivity of 86.67% and specificity of 90%. The 
PPV and NPV were 89.7% and 87.1% respectively.

Zhuo and Liao30 in study of PCT and cytokines in 
neonatal sepsis vs control, found that septic neonates had 
significantly higher serum levels of IL-17 and procalcito-
nin. Also, Han et al31 found that plasma IL-17 and the IL- 
17 mRNA are significantly higher in septic neonatal rats 
compared to the control group. Wynn et al32 found that 
plasma IL-17 is one of the earliest and most synergistically 
induced proteins in septic neonatal mice, while Schelonka 
et al33 found that infants with blood stream infection had 
lower levels of IL-17 and its downregulation increases the 
risk of bacteremia.

Petrakou et al34 revealed a decreased IL-17 release in 
the neonatal serum compared to adults, denoting the 
immaturity of the neonatal immune responses and this 
may decrease their host defense against invading pathogen 
leading to overwhelming septicemia and death. 
Conversely, targeting IL-17 may be of benefit in septic 
neonates to limit its deleterious effect in tissues and 
decrease neonatal mortality associated with sepsis and 
improve the outcome.

In comparing the serum PCT and IL-17, MFI of CD16 
on CD16 positive monocytes and CD86 expression on 
monocyte as markers of early neonatal sepsis the most 
sensitive marker was serum PCT (96.67%) followed by 

MFI of CD16 on CD16 positive monocytes (93.33%), then 
the percentage of CD86 positive monocytes (90.0%), 
while the least sensitive one was the serum IL-17 
(86.67%). The most specific markers were serum IL-17 
and percentage of CD86 positive monocytes (90.0% for 
both) followed by serum PCT (86.67%), while the least 
specific one was the MFI of CD16 on CD16 positive 
monocytes (63.33%); however, IL-17 was positively cor-
related with PCT (P=0.032).

Conclusion
Early neonatal sepsis is associated with alteration of 
monocyte subsets, increasing the intermediate and non-
classical subsets, also increasing the percentage of CD86 
positive monocytes. It is also associated with high serum 
IL-17 levels, although its levels are not correlated with 
monocyte surface CD86 expression but are positively cor-
related with PCT.

Recommendation
Further studies are needed to understand the immunologi-
cal changes during sepsis including monocyte and lym-
phocyte activation markers in order to discover better early 
septic markers that may help to apply a more tailored 
immunotherapy from this aspect.

The CD86 monocyte marker expression accuracy is 
near to procalcitonin; however, regarding the possibility 
of using it as a routine laboratory test, it is difficult at 
present as its cost is too high to be used in developing 
countries such as Egypt. We hope more research will be 
done in this subject in the future that can help 
clinicians with its use as routine lab in NICU.

Disclosure
The authors report no conflicts of interest in this work.
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