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ABSTRACT

Objective: Sepsis is a major medical challenge, and remains a burden by showing minimal symptoms, non-specific manifestation which leads to 
the high-mortality rate. The major cause of high mortality rate is due to the diagnostic pitfalls. The sepsis mechanism involves immune suppression 
associated with multiorgan dysfunction, uncontrolled infection, and death. This study aims to use new parameters in diagnosis of sepsis particularly 
neutrophil CD64 (nCD64), monocyte human leukocyte antigen-DR (mHLA-DR), performed by flow cytometer.

Methods: Available diagnostic tools such as blood culture (gold standard) and other tools are time-consuming which leads to death because the 
treatment is not commenced promptly due to unavailability of quick and accurate diagnostic procedures. To overcome such instances, there are 
different specific cell surface markers which are introduced to reveal sepsis at the earliest using flow cytometry technique. The newer technique 
allows determination of different cellular and functional pathological components of sepsis. Using this technology, a newer treatment modality 
(granulocyte macrophage colony-stimulating factor) can be used to reverse sepsis associated immune suppression.

Results: The results suggested that the flow cytometric evaluation of nCD64, mHLA-DR expression assay, seems to be promising as comparison to 
other tools available for diagnosis.

Conclusion: The pilot data suggest that the flow assay, “sepsis index” is a useful assay for diagnosing and discriminating sepsis in adult at intensive 
care unit settings in comparison to all the available current modalities of sepsis diagnosis. However, there are no other comparable parameters to 
diagnose early sepsis.
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INTRODUCTION

Sepsis is the leading cause of mortality and morbidity by infection due 
to multiorgan failure [1-5]. Suspected cases are treated with costly 
antibiotics, which are often inappropriate and leads to emergence of 
antibiotic resistant pathogens [6]. Treatment of all suspected cases leads 
to excessive, costly, and often inappropriate use of antibiotics which can 
lead to development of antimicrobial resistant pathogens. There is a 
general agreement that the diagnostic tools available to clinicians are 
inadequate to rule out sepsis. Definitive diagnosis of sepsis requires 
(a) clinical identification of infection in a patient who also meets the 
clinical criteria for the systemic inflammatory response syndrome 
(SIRS) (diagnosed if patients exhibit at least two of the following readily 
measurable signs of systemic inflammation (i) altered body temperature 
[<36°C or >38°C], (ii) increased heart rate [tachycardia; pulse >90/
min], (iii) abnormal white cell count [>12×109/L or <4×109/L], and 
(iv) increased respiratory rate [tachypnoea; respiratory rate >20/
min or PaCO2 >4.2 kPa]) [7], (b) laboratory test (presently available 
modalities are complete blood count, Gram-stain, blood culture and 
antibiotic sensitivity, urine culture and culture of other body fluids, 
procalcitonin  -  levels [rapidly increase in sepsis], lactate [increase 
when there is organ dysfunction], and blood gases [evaluate O2 level 
and acid base balance] [8]. Comprehensive metabolic panel can be done 
to monitor health of organs (kidney, lungs), electrolyte balance and 
blood glucose level. Prothombin time, activated partial thromboplastin 
time, and other clotting tests are done to detect inflammation in body, 
cerebrospinal fluid analysis, and others done to identify/rule out other 
complications such as cardiac biomarkers in heart attack [9]), along 
with (c) non-laboratory test – (to evaluate health of organs and to 

detect complications - electrocardiogram, X-ray, computed tomography, 
magnetic resonance imaging ultrasound, etc.) [9].

From all of the above diagnostic criteria’s, SIRS lacks specificity to be 
clinically meaningful. Main problem of SIRS is the discrimination of 
with or without infection remains a challenge for clinical setting; thus, 
it misleads the result interpretation of severe inflammatory response 
to diagnose sepsis. The blood culture is the gold standard for detection 
of bacteria and fungi in blood among all the entire laboratory tests. 
The test is diagnostically useful for a number of specific diseases that 
result from the spread of bacteria through blood, such as infective 
endocarditis and infective meningitis. It is also requested routinely for 
patients with pyrexia of unknown origin in the search for a possible 
infective cause. Unfortunately, in the context of rapidly evolving sepsis, 
there is a clinically significant time delay of 2-4  days before blood 
culture results are available. Blood culture can be falsely negative in 
cases of sepsis. Thus, there is a need for more rapid and more sensitive 
methods for identification of bacteria in blood. Recently, specific cell 
surface markers are introduced to study sepsis [10,11]. Sustained 
sepsis-associated immune suppression is associated with uncontrolled 
infection, multiorgan dysfunction, and death. Many survivors from 
sepsis die in the later course of sepsis in a state of fulminant failure 
of cellular immunity [3,6,12,13]. A study by Meisel et al. demonstrated 
that biomarker-guided granulocyte macrophage colony-stimulating 
factor therapy is effective and safe for restoring monocytic 
immunocompetence. Single center trial has shown that the monocytic 
HLA-DR is a good marker for monitoring the severity of temporary 
immunodepression after traumatic major surgery or sepsis [14]. Flow 
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cytometric (FCM) evaluation of neutrophil CD64 (nCD64) expression 
assay and also monocyte human leukocyte antigen-DR (mHLA-DR) 
assay, has got high sensitivity and specificity [11]. This study using above 
all concept tried to hypothesize the ratio of expression of neutrophilic 
CD64 (nCD64) and expression of mHLA-DR to diagnose sepsis and 
to guide the management by including pro-  and anti-inflammatory 
markers of sepsis.

METHODS

Study population
This prospective study was conducted from January 2015 to January 
2017 at Institute of Medical Sciences (IMS) and SUM Hospital, 
Bhubaneswar, India. We recruited a total of 126 participants of either sex 
with suspicion of sepsis as well as 32 healthy controls (blood donors) 
from the blood bank of the institution. Samples were collected from both 
groups and analyzed as per the protocol. The clinical criteria of suspicion 
of sepsis were body temperature instability, cardiovascular instability, 
and respiratory instability. The participant’s blood samples used for this 
study were obtained from blood drawn for routine laboratory screening 
procedures as well as for culture. On clinical suspicion of sepsis, 
blood culture was also performed by blood agar media (Biomericx) 
and classified the study in two broad classes, i.e., culture positive and 
culture negative [15]. In routine laboratory screening of participants, 
the blood was analyzed for total leukocyte count, differential count, 
platelet count, serum protein, serum electrolytes (NA+, K+, Ca2+), and 
glucose. In addition to these other radiological investigations including 
chest and abdominal X-rays were analyzed. The study was approved 
by the Institutional Ethical Committee of IMS and SUM Hospital, and 
as suggested, informed consent by vernacular language was obtained 
from the legally acceptable representatives.

FCM analysis
Sample processing and acquisition: Antibodies used in this study were 
CD14 FITC, CD64 PE CD45 PerCP, and HLA-DR APC. Sample collected 
was peripheral blood in ethylenediaminetetraacetic acid vial. All the 
reagents for FCM, analysis were procured from BD Biosciences (San, 
Jose CA). Protocol used was Stain-Lyse-wash method. 50 µl of whole 
blood was taken in FACS tube to which antibodies were added as per 
the panel. It was incubated in dark at RT for 15 minutes followed by 
lyse process using 2  ml “BD FACSLyse” (×1). It was followed by two 
steps of washing using sheath fluid. The cells were resuspended in 
0.5 ml of sheath fluid or phosphate-buffered saline. Sample prepared 
was run on a pre-calibrated flow cytometer. Calibration of instrument 
was done using the PE QUANTIBRITE BEADS. Acquisition was done 
with a threshold set on CD45 PerCP to include lymphocytes, monocytes, 
and neutrophils. Stop gate used was 30,000 all events or at least 500 
monocytes.

Analysis
A region is drawn on monocytes on an SSC/CD14 plot. Then, “non-
monocytes” was gated on an SSC/CD45 bivariate dot plot and regions 
drawn on lymphocytes and neutrophils. Median fluorescence intensity 
of nCD64 and mHLA-DR were recorded. It was then converted to 
antibodies per cell and sepsis index (SI) was calculated. The protocol 
for FCM analysis was followed from the protocol of Pradhan et al., 
2015 [16].

SI
The derivation of SI was based on the concept to combine the changes 
in the expression of pro- and anti-inflammatory markers, and it was 
calculated from the composite parameter by arithmetic division of 
antibodies per cell of nCD64 and their respective monocytic HLA-DR 
and multiplying the ratio by 100.

SI=(nCD64/mHLA-DR) × 100

Where, nCD64: Neutrophilic CD64 (antibodies per cell), mHLA-DR: 
Monocytic HLA-DR (antibodies per cell).

Statistical analysis
All statistical analysis was performed on SPSS version  20 (IBM 
Corporation). The diagnosis “positive” and “negative” was selected as 
per the cutoff value range formed from the 90th percentile of controls 
in case of up regulation and 10th  percentile of controls in case of 
down regulated parameter. Sensitivity and specificity to detect sepsis 
was calculated based on these cutoffs value range. All the SI data are 
correlated (Pearson correlation coefficient) with the clinical criteria 
of sepsis and blood culture findings taken together. Group differences 
were tested for significance with the Friedman test, and if these results 
were positive, the non-parametric statistical hypothesis of Wilcoxon 
test was performed for paired samples.

RESULTS

The study recruited 126 participants from intensive care unit (ICU)and 
32 healthy control groups from the blood bank of the institution. Due 
to incomplete data, 11 participants were withdrawn from the study; 
accordingly, 115 cases were analyzed in Table 1.

The nCD64 and mHLA-DR expression were analyzed through FCM 
parameters and SI. The expression of nCD64 was significantly higher in 
comparison to healthy control; similarly, expression of mHLA-DR was 
significantly lower than counterpart of healthy controls (Fig. 1a-c).

Accordingly, SI ranges of infected participants with respect to the 
SI range of healthy participants were determined in Table 2. All the 
participants were subclassified into two groups, i.e.,  infected (n=75) 
and non-infected (n=45). Further to check the sensitivity and specificity 
the infected participants were enrolled for culture test.

DISCUSSION

Early diagnosis of sepsis is important to make crucial decision of 
therapeutic administration of antimicrobials in a strategic and time 
bound manner. Several biomarkers found to diagnose the sepsis, namely, 
C-reactive protein (CRP), procalcitonin, interleukin-6, soluble triggering 
expressed on myeloid-1, lipopolysacharide-binding protein  [17], 
soluble urokinase-type plasminogen activator receptor, and cell 
surface markers. According to specificity and sensitivity, there is no 
such biomarker or biomolecular technique which is currently available 
and allows a rapid and reliable discrimination between SIRS without 
infection and sepsis. Each individual marker has some strength as well 
some limitations. Furthermore, the available markers seem to identify 
mainly invasive bacterial infection, but parasite, fungi, and viruses may 
also evoke sepsis. This study examined the “diagnosis of sepsis” through 
the combination of nCD64 and mHLA-DR (innate immunity markers) 
to guide clinicians to prescribe the specified treatment to improve the 
prognosis of mortality rate of sepsis participants. Thus, this study can 
aid to shorten the decision making process of clinicians and initiation 
of therapy.

Advanced technique such as flow cytometry is undeniably the best 
tools for analyzing cell–cell interaction, signaling process, surface 
markers, proliferation and differentiation, protein secreted by cell, 
and intracellular molecules [18]. In this study, the cell surface marker 
nCD64 and mHLA-DR are used to find out the SI with respect to the cut 
off range of healthy controls.

nCD64 expression is effective in diagnosing sepsis, but due to population 
heterozygocity, case classification criteria, and assay methodologies; 
its diagnostic efficacy of sensitivity and specificity varied from 26-
97% and 71-100%, respectively [19]. Median of the intensified 
fluorescence considered as the parameter of fluorescence intensity is 
typically a skewed data. The diagnosis “positive” and “negative” was 
selected as per the cutoff value range formed from the 90th percentile 
of controls in case of up regulation and 10th  percentile of controls in 
case of downregulated parameter. Sensitivity and specificity to detect 
sepsis was calculated basing on these cutoff value ranges. This study 
corroborates that the upregulation of nCD64 of the host’s immune 
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response to bacterial infection considered being a very early step it is 
considerably enhanced after 1 hr of invasion. In addition to the nCD64 
expression, mHLA-DR down regulation in sepsis seems to be earlier 
predictive diagnostic marker [20,21].

The mechanism of pro-  and anti-inflammatory responses reflects the 
progression of sepsis, a balanced phenomenon, which can be an effective 
approach to monitor sepsis [22]. Downregulation of mHLA-DR in anti-
inflammatory response is relatively rapid and more representative of 

Table 1: Represents all the clinical parameters of participants and healthy control group

S.No. Parameter Participants (n=115) Healthy (n=32)
1 Male/female 75/40 23/9
2 Duration of stay in ICU (days) Average 13 (5‑28) Not applicable
3 Antimicrobial therapy duration (days) Average 9 (7‑15) Not applicable
4 CRP (mg/L) Average 8.97 (3.21‑21.23) 3.21
5 TLC (103/µL) Average 11.12 (8.21‑20.23) Average 11.98 (8.19‑13.23)
6 I/T ratio Average 0.21 (0.05‑0.22) Not done 
7 Glucose (mg/dL) Average 83 (65‑105) Not done 
8 Procalcitonin (ng/ml) Average 4 (2‑6) Average 0.13 (0.11‑0.14)
Data are represented as the median value of the data range. ICU: Intensive care unit, TLC: Total leukocyte count, CRP: C‑reactive protein

Fig. 1: (a) Sepsis panel of CD64/CD45, (b) sepsis panel of human leukocyte antigen-DR/mono, (c) sepsis panel of unstained

c

b

a
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physiological changes [21] whereas the pro-inflammatory markers 
such as CRP and nCD64 typically have a prolonged rise following 
pathogenic challenge [23,24]. Accordingly, “SI” a composite parameter 
was derived in combination with mHLA-DR and nCD64, which 
increased the diagnostic sensitivity, reiterating the importance of using 
both parameters (Table 2).

Our study corroborates various FCM methods which can predict 
prognosis in sepsis [25-27] increased mortality in adults is being 
associated with upregulation of nCD64 [28,29] while downregulation 
showed for non-survivors [30]; however, in sepsis, nCD64 showed a 
prognostic significance [25]. In another study, Ng et al. demonstrated 
no significant difference between infected and non-infected or control 
groups for mHLA-DR expression [31]. In our study, a trend analysis of 
mHLA-DR indicated that mHLA-DR was significantly downregulated in 
non-survivors only at a later stage.

CONCLUSION

The pilot data suggest that the flow assay “SI” appears to be useful 
for diagnosing and discriminating sepsis in adult at ICU settings 
in comparison to all other available current modalities for sepsis 
diagnosis. FCM evaluation of nCD64, mHLA-DR expression assay is very 
affirmative.
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