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ABSTRACT

Background: The incidence of Late-Onset Sepsis (LOS) increases as gestational age decreases in newborns. The
clinical signs of neonatal sepsis are not specific for diagnosis in preterm infants. The gold standard for its
diagnosis is the blood culture test, which requires more than 24 h to obtain results, with positive results obtained
in 10-3 % of cases analysed. As the molecular markers on the lymphocyte surface CD64 and CD69 are involved in
early innate immune activation, they may be helpful for faster diagnosis.

Aim: Measure the expression of CD64 and CD69 on lymphocytes in clinical and confirmed sepsis patients and
compared to that in infants without sepsis.

Methodology: We used peripheral blood samples from three groups of preterm babies with suspected sepsis (n =
31), confirmed sepsis (n = 10) and without sepsis (n = 47). Using flow cytometry, we measure the expression of
CD64 on neutrophils and CD69 on NK cells.

Results: Expression of CD64 on neutrophils and CD69 on NK cells did not increase in the clinical or confirmed
sepsis groups compared to the without sepsis group.

Conclusions: Leukocytes from infants born prematurely may have tightly regulated mechanisms that control their

activation phenotype, rendering them unsuitable for diagnosing sepsis.

O

Sepsis has been defined as a clinical syndrome that denotes a life-
threatening state of organ dysfunction triggered by an imbalanced
host response to an infection, as outlined in the Sepsis-3 criteria. In-
fections giving rise to sepsis may stem from various sources, including
bacterial, fungal, parasitic, or viral origins."”? A recent meta-analysis
approximates the global prevalence of neonatal sepsis at 937 cases per
100,000 live births.® A recent systematic review and meta-analysis re-
ported that the Early-Onset Sepsis (EOS) incidence is 2496 per 100,000
live births, which was 2.6 times more common than Late-Onset Sepsis
(LOS), 946 per 100 live births. The incidence of EOS has been declining
throughout the years, from 1990 to 2015, from 1.37 to 0.23 per 1000
live births. This is because of universal group B streptococcus screening
and intrapartum antibiotic prophylaxis. Nonetheless, the incidence of
LOS has remained nearly unchanged, at 0.31 per 1000 live births,"
however morbidity and mortality following neonatal sepsis is greatest in
low- and middle-income countries where data is scarce.’ The prevalence
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of sepsis is significantly higher in both preterm and low-weight new--
borns, with a reported mortality of 17.6 %."

Frequently, neonatal sepsis progresses with complications that lead
to prolonged hospitalisation because patients can develop one or more
infections.® The identification of neonatal sepsis at its onset poses a
challenge as it primarily depends on non-specific and inconsistent
clinical indicators. Although blood culture is the gold standard method
for neonatal sepsis diagnosis, the lengthy turnaround time’ (up to 24
hours) and several factors, including intermittent or low bacteraemia,
maternal intrapartum antimicrobial exposure, and small blood volumes
obtained from preterm babies, make it a low-sensitivity assessment
method.®° Consequently, antibiotics are often administered to sus-
pected neonates before blood culture results are available to prevent
rapid clinical deterioration despite the risk of unnecessary antibiotic
exposure.ﬁ’10 This overexposure to antibiotics is concerning, as it can
adversely affect the gut microbiota and contribute to the development of
antimicrobial resistance, potentially leading to necrotising enterocolitis,
premature death, the development of asthma, allergies, autism spectrum
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disorders, and metabolic disorders later in life. To prevent the unnec-
essary administration of antibiotics to uninfected individuals, devel-
oping a highly sensitive biomarker with a substantial negative predictive
value is imperative.'!! Infection drives immune cell activation by
increasing expression of cell surface receptors and cell surface markers,
including CD64 on neutrophils and CD69 on NK cells, which have been
indicated as potential biomarkers for early diagnosis of neonatal
sepsis.]z']5

This study examined CD64 expression on neutrophils and CD69
expression on NK cells by flow cytometry in babies who were born
preterm (< 37-weeks of gestation) with clinical symptoms of sepsis. This
was a prospective study of infants born prematurely and cared for at the
Instituto Nacional de Perinatologia Isidro Espinosa de los Reyes (INPe-
rIER), Mexico City, with suspected LOS.

In this study, samples from babies older than 7-days with suspected
LOS were initially included successively. After we applied a non-
probabilistic criterion sampling (samples selection was based on the
blood culture result) to form the study groups.

The criteria of the neonatologist [1] for the inclusion of infants were
fever or hypothermia, tachycardia or bradycardia, tachypnoea or altered
leukocyte numbers, Positive Procalcitonin Test (PCT), and positive C
Reactive Protein (CRP) test. Blood samples were taken when signs
appeared and the samples for CBC and CRP tests were taken at the same
time that the blood culture. These samples were collected in Microtainer
MAP Tube with K2EDTA and Microtainer SST amber with silica and
separating gel (BD. San José, CA, USA), respectively.

Then the infants were included in the suspected sepsis group.
Furthermore, babies without signs of sepsis and those who required CRP
and Complete Blood Count (CBC) testing due to a medical monitoring
process for having exhibited a condition other than sepsis, were included
in the control group. The most frequent condition in these infants were
Transient Tachypnoea of the Newborn (TTN). TTN is not a serious
process and may be temporary (it usually resolves within 72 hours of
birth) and many of these control babies were not hospitalised and went
home in two or three days after birth.

We did not include babies with major congenital malformations or
those who needed immediate surgery or blood transfusion.

The INPerlER Research, Ethics and Biosecurity Committees
approved and funded the study under approval number INPer_2015-1-
153. The collection of samples for this study did not involve any addi-
tional risk to the patients since the biological samples were taken from
the remnant for other clinical tests (CRP and CBC), for which the parents
of the newborns signed an informed consent form. Therefore, this study
met the bioethics criteria established by the Declaration of Helsinki
guidelines.

To determine expression of CD64 and CD69 on neutrophils and NK
cells, respectively, fifty microlitres of whole peripheral blood samples
from each patient were used for immunostaining. Each sample was
incubated with previously titrated monoclonal fluorochrome-
conjugated human antibodies (BioLegend, San Diego, CA, USA): anti-
CD45 APC/Cy7, anti-CD56 Brilliant Violet, anti-CD14 PE-Cy7, anti-
HLA-DR PE-Cy5, anti-CD16 FITC, anti-CD64 APC and anti-CD69 PE.
Erythrocytes were lysed, and 10,000 lymphocytes were acquired from
each sample using a FACS ARIA III flow cytometer using BD FACSDiva
software V.7.0 (BD Biosciences, San Jose, CA, USA). Neutrophils and NK
cells were selected, and CD64 and CD69 expression is reported as the
Mean Fluorescence Intensity (MFI).

The Jarque-Bera test was performed to determine the normality of
the data. Differences between groups were calculated using the Chi-
Square test, one-way analysis of variance or the Kruskal-Wallis test
and Fisher’s exact test. Central tendency measures are expressed as
means with a standard deviation or frequency. We used Prism version 7
software (Boston, MA, USA).

We analysed 85 infants born prematurely with suspected sepsis. 10
(11.8 %) babies had a positive blood culture test, confirming neonatal
sepsis. The following microorganisms were isolated: Klebsiella
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pneumoniae, Staphylococcus epidermidis, Enterococcus sp., Kodamaea
ohmeri, Serratia marcenses, and Candida sp. The infants with positive
blood cultures composed the Confirmed Sepsis group (CS).

From the same group of infants with suspected sepsis and negative
blood culture, remained 75 samples. Then, we selected samples from
babies who had a similar gestational age to those in the CS group and the
Clinical Sepsis group (CLS) were composed with 31 of these samples.
The control group was recruited the same way as the suspected sepsis
babies were. First, the samples were processed in a consecutive way with
the characteristics of inclusion: preterm babies without signs of sepsis
but with a CBC and CRP test request due to clinical monitoring. Then,
the samples were selected by the gestational age of the babies and the
Non-Sepsis group (NS) were composed, in which 47 samples were
included. In this group, also the gestational age had to be similar to that
of the babies in the CS group. Table 1 summarises the demographic and
clinical characteristics of these three groups.

Expression of CD64 and CD69 on neutrophils and NK cells, respec-
tively, was assessed by flow cytometry and expressed as Mean Fluores-
cence Intensity (MFI); the percentages of neutrophils and NK cells were
also determined (Fig. 1A). Despite a significant increase in the per-
centage of neutrophils and NK cells in the CLS group, we did not find
significantly elevated expression of CD64 or CD69 on these cells from
the CLS or CS group compared to the control group. In contrast, we
detected basal expression of CD64 and CD69 in the control group (NS),
which was also present in the CLS and CS groups in amounts similar to
those in the control group (Fig. 1B).

CD64 (FcyRI) is a receptor that binds to the Fc portion of gamma
immunoglobulin; is present in macrophages, dendritic cells, and the
surface of monocytes; and plays an essential role in innate immunity by
promoting neutrophilic phagocytosis. Under physiological conditions,

Table 1
Demographic and clinical characteristics of the newborn groups.
NS (n=47) CLS (n= CS(n=10) p-value
31)
Mean +SD Mean +SD Mean +SD
Sex (F/M) 17/30 14/17 5/5 0.6034"
Birth weight (g) 1405 + 1334 + 1373 + 0.8917"
633.5 596.6 818.7
Gestational age (weeks) 30.66 + 30.45 + 30.95 + 0.8995°¢
2.76 3.38 3.98
Apgar score (1-min) 5.63 + 5.51 + 4.50 £1.9 0.2386°
2.18 2.12
Apgar score (5-min) 8.21 + 7.77 + 7.2 4+ 1.55¢ 0.0492¢
1.444 1.74
Silverman Anderson 5.49 + 6.25 + 2.0+ 1.0 0.2195"
score 4.09 4.29
Postnatal age (days) 24.02 + 33.65 + 34.20 + 0.2649"
20.65 32.11 41.12
n (%) n (%) n (%)
Product of multiple 11 (23) 17 (55) 1(10) 0.0040"
pregnancy
Maternal infection data 15 (32) 11 (35.5) 2 (20) 0.4741°
Antenatal steroids 16 (34) 10 (32) 4(33) 0.5501"
Caesarean section 45 (96) 24 (77) 8 (80) 0.1760"
High CRP test values 8(17) 18 (58) 8 (80) 0.4528'
High PCT values 1(2.13) 8 (26) 5 (50) 0.0289"
Fever 0 14 (45) 6 (60) 0.4841"
Apnoea 0 10 (32) 2 (20) 0.4577'
Altered complete blood 0 18 (58) 6 (60) 1.000'
count
Septic shock 0 2 (6) 1 (10) 1.000'

NS, Nonsepsis; CLS, Clinical sepsis; CS, Confirmed sepsis; F, Female; M, Male;
SD, Standard deviation; CRP, C Reactive Protein (Positive cutoff:> 6 mg/mL);
PCT, Procalcitonin Test (Positive cutoff:> 0.5 ng/mL).

@ Chi-square test.

b One-way ANOVA test.

¢ Kruskal Wallis test.

d,e Statistically significant with Tukey’s post-analysis test.
f Fisher’s exact test between CLS and CS group.
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Fig. 1. (A) Percentages of neutrophils and NK cells in blood samples from preterm newborns with clinical sepsis (CLS [n = 31]) or confirmed sepsis (CS [n = 10]) and
nonsepsis (NS [n = 47]) disease. The percentage of cells was compared with one-way ANOVA and Tukey’s multiple comparison post-hoc test. *p < 0.05; **p < 0.01,

***p < 0.001. (B) Expression of CD64 on neutrophils and CD69 on NK cells in blood samples from preterm newborns with clinical sepsis (CLS [n = 31]) or confirmed
sepsis (CS [n = 10]) and nonsepsis (NS [n = 47]). Expression of CD64 and CD69 was compared between groups by one-way ANOVA and Tukey’s multiple comparison

post-hoc test. MFI, Mean Fluorescence Intensity.

neutrophils express low levels of CD64. These levels increase four to six
hours after onset of a bacterial infection or inflammatory damage and
return to baseline levels when the stimulus disappears.”> Conversely,
CD69 is a biomarker of early activation of lymphocytes and NK cells.
When upregulation occurs within 2 hours after stimulation, it reaches its
highest level at 24 hours and can still be detected after 75 hours.' '
CD69 expression by NK cells is induced by infection with different mi-
croorganisms, interferons, and tumour necrosis factor alpha, which
promote release of proinflammatory cytokines.®'°

The significantly increased level of CD64 expression in neutrophil
and increased expression of CD69 on NK cells in samples from infants
with confirmed infection compared to controls without sepsis has been
reported as a potential biomarker for early diagnosis of neonatal
sepsis.'?1* Our results revealed that CD64 and CD69 expression did not
increase significantly in the CLS or CS group compared to the NS group
(Fig. 1B), which is contrary to the findings of previous studies but is
consistent with those reported by Yang et al. (2016) and
Cérbulo-Vazquez et al. (2003), who confirmed no elevated expression of
CD64 on neutrophils or CD69 on NK cells from preterm sepsis
patients.ls’17

In our population, the lack of activation of innate immune cells might
be due to the regulated production of proinflammatory cytokines in
preterm infants.'®'° The reason for this is that in newborns, foetoma-
ternal tolerance must be preserved during pregnancy, the transition
from a sterile intrauterine environment to a nonsterile external envi-
ronment must be allowed for a microbial colonisation after birth must be
established. This response promotes a regulatory Th2/Thl7-type
response instead of a Thl-type or proinflammatory response. Howev-
er, this mechanism might have severe consequences in preterm infants,
increasing their susceptibility to microbial infections,'®'° and making
CD64 and CD69 expression unsuitable biomarkers for diagnosis of
neonatal sepsis.

Although some authors have concluded that expression of CD64 and
CD69 is not affected by the gestational age of the patient, physicians
should consider expression of leukocyte surface markers for diagnosis in
preterm infants with caution.

Overall, development of suitable and novel biomarkers involves an
in-depth study and characterisation of the innate immune response in a
broad spectrum of clinical cases, populations, and other relevant char-
acteristics present in preterm and term infants.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

This project was supported by the Instituto Nacional de Perinatologia
Isidro Espinosa de los Reyes (Grant n° 2015-1-153 to RRA).

Acknowledgements

We thank the parents who consented to the participation of their
babies in this study and Dr. José Guzman-Bércenas, Dr. Elsa Romelia
Moreno-Verduzco, Dr. Ratl Palomino-Morales, the INPerIER Central-
Laboratory staff, Magdalena Kd, Marta Morelos, and Dr. Estibalitz
Laresgoiti.

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al.
The third international consensus definitions for sepsis and septic shock (Sepsis-3).
JAMA. 2016;315:801-810.

2. Sharma D, Farahbakhsh N, Shastri S, Sharma P. Biomarkers for diagnosis of neonatal
sepsis: a literature review. J Matern-Fetal Neonatal Med Off J Eur Assoc Perinat Med
Fed Asia Ocean Perinat Soc Int Soc Perinat Obstet. 2018;31:1646-1659.

3. Fleischmann C, Reichert F, Cassini A, Horner R, Harder T, Markwart R, et al. Global
incidence and mortality of neonatal sepsis: a systematic review and meta-analysis.
Arch Dis Child. 2021;106:745-752.

4. Attia Hussein Mahmoud H, Parekh R, Dhandibhotla S, Sai T, Pradhan A, Alugula S,
et al. Insight into neonatal sepsis: an overview. Cureus. 2023;15:e45530.

5. Sands K, Spiller OB, Thomson K, Portal EAR, Iregbu KC, Walsh TR. Early-onset
neonatal sepsis in low- and middle-income countries: current challenges and future
opportunities. Infect Drug Resist. 2022;15:933-946.

6. Chen L, Xiao T, Luo Y, Qiu Q, Que R, Huang X, et al. Soluble CD14 subtype (sCD14-
ST) is a biomarker for neonatal sepsis. Int J Clin Exp Pathol. 2017;10:9718-9724.

7. Peng Z, Varisco G, Long X, Liang RH, Kommers D, Cottaar W, et al. A continuous
late-onset sepsis prediction algorithm for preterm infants using multi-channel
physiological signals from a patient monitor. IEEE J Biomed Health Inform. 2023;27:
550-561.

8. Klucher JM, Davis K, Lakkad M, Painter JT. Dare RK. Risk factors and clinical
outcomes associated with blood culture contamination. Infect Control Hosp Epidemiol.
2022;43:291-297.

9. Pardinas-Llergo MJ, Alarcén-Sotelo A, Ramirez-Angulo C, Rodriguez-Weber F, Diaz-
Greene EJ, Pardinas-Llergo MJ, et al. Probabilidad de éxito de obtener un
hemocultivo positivo. Med Interna México. 2017;33:28-40.

10. Cibrian D, Sanchez-Madrid F. CD69: from activation marker to metabolic
gatekeeper. Eur J Immunol. 2017;47:946-953.

11. Aydin M, Barut S, Akbulut HH, Ucar S, Orman A. Application of flow cytometry in
the early diagnosis of neonatal sepsis. Ann Clin Lab Sci. 2017 Mar;47(2):184-190.


http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0001
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0001
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0001
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0002
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0002
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0002
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0003
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0003
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0003
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0004
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0004
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0005
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0005
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0005
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0006
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0006
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0007
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0007
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0007
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0007
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0008
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0008
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0008
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0009
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0009
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0009
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0010
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0010
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0011
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0011

A. Ramirez-Ramirez et al.

12.

13.

14.

15.

Hodge G, Hodge S, Han P, Haslam R. Multiple leucocyte activation markers to detect
neonatal infection. Clin Exp Immunol. 2004 Jan;135(1):125-129.

Jamsa J, Syrjala H, Huotari V, Savolainen ER. Ala-Kokko T. Monocyte and
lymphocyte surface molecules in severe sepsis and non-septic critically ill patients.
APMIS Acta Pathol Microbiol Immunol Scand. 2017;125:536-543.

Genel F, Atlihan F, Gulez N, Kazanci E, Vergin C, Terek DT, et al. Evaluation of
adhesion molecules CD64, CD11b and CD62L in neutrophils and monocytes of
peripheral blood for early diagnosis of neonatal infection. World J Pediatr WJP.
2012;8:72-75.

Cérbulo-Vazquez A, Valdés-Ramos R, Santos-Argumedo L. Activated umbilical cord
blood cells from pre-term and term neonates express CD69 and synthesize IL-2 but
are unable to produce IFN-gamma. Arch Med Res. 2003;34:100-105.

17.

18.

19.

Brazilian Journal of Infectious Diseases 29 (2025) 104511

. MaL, ChenR, LiuF, Li Y, Wu Z, Zhong W, et al. Reduced NK cell percentage at birth

is associated with late onset infection in very preterm neonates. Scand J Immunol.
2014;80:50-56.

Yang AP, Liu J, Yue LH, Wang HQ, Yang WJ, Yang GH. Neutrophil CD64 combined
with PCT, CRP and WBC improve the sensitivity for the early diagnosis of neonatal
sepsis. Clin Chem Lab Med. 2016;54:345-351.

Hodyl NA, Stark MJ, Osei-Kumah A, VL Clifton. Prenatal programming of the innate
immune response following in utero exposure to inflammation: a sexually dimorphic
process? Expert Rev Clin Immunol. 2011;7:579-592.

Cuenca AG, Wynn JL, Moldawer LL, Levy O. Role of innate immunity in neonatal
infection. Am J Perinatol. 2013;30:105-112.


http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0012
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0012
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0013
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0013
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0013
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0015
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0015
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0015
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0016
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0016
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0016
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0017
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0017
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0017
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0018
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0018
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0018
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0019
http://refhub.elsevier.com/S1413-8670(25)00014-5/sbref0019

	Expression of CD64 and CD69 as biomarkers for late-onset sepsis diagnosis in infants born prematurely
	□
	Conflicts of interest
	Funding
	Acknowledgements
	References


