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Abstract

Objectives: Sepsis is one of the leading causes of morbidity and mortality within the healthcare system and remains a
diagnostic and therapeutic challenge. A major issue in the diagnosis of sepsis is understanding the pathophysiologic mechanism,
which revolves around host immune system activation and dysregulated responses. African Americans are more likely to
experience severe sepsis with higher mortality rates compared to the general population. This pilot study characterized multiple
inflammatory markers and proteases in plasma of primarily African American and Afro-Caribbean patients with mild sepsis.
Methods: Plasma was collected from |6 healthy controls and |5 subjects presenting with sepsis, on admission, and again
upon resolution of the signs of sepsis, defined as a resolution of sepsis criteria. Plasma samples were analyzed for cytokines,
chemokines, and proteases using multiplex bead assays.

Results: Elevated levels of granulocyte colony-stimulating factor, interleukin- 10, interleukin-15, interleukin- | receptor antagonist,
interleukin-8, interferon gamma-induced protein 10, monocyte chemoattractant protein-l, matrix metallopeptidase 12, and
cathepsin S were identified in plasma from sepsis patients on admission compared to control subjects. Interleukin-6, interleukin-8,
granulocyte colony-stimulating factor, and cathepsin S were reduced in sepsis patients upon clinical resolution of sepsis.
Conclusion: These findings profile the circulating inflammatory cytokines, chemokines, and proteases in African Americans
and Afro-Caribbean patients during sepsis. The role of these targets in sepsis needs addressing in this patient population.
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Introduction prevalence in multiple communities and this is not only lim-
ited to COVID-19. Population-based studies show that AA
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mortality, and are more likely to develop sepsis than
Caucasians.®® In a large cohort study looking at infection
rates and sepsis incidence, people of color were less likely
to experience an infection than Caucasians; however, AA
were more likely to experience severe sepsis.” These dis-
parities might be partially due to the differences in inflam-
mation responses between races. This is notable with AA
and Hispanic children having elevated C-reactive protein
compared to Caucasians.!” Equally, a large proportion of
immune response genes are regulated by ancestry control.
Therefore, immune responses to infections require profiling
in different populations.!!

Our hospital, the State University of New York Downstate
Medical Center serves a predominantly AA and Afro-
Caribbean population. Considering the higher baseline
inflammation markers in AAs and high mortality in AA sep-
tic patients,’> we profiled inflaimmatory chemokines,
cytokines, growth factors, and protease levels in the plasma
of patients with early or mild sepsis to those without sepsis.
In addition, inflammation was examined in the same sepsis
patients at 3.20 £2.34days after standard treatment and
resolution of sepsis. We expected to observe systemic
inflammation similar to other published studies in AA and
Caucasian populations, with reduced inflammation follow-
ing the clinical resolution of sepsis. Therefore, the main
goal of this study was to profile systemic inflammation and
proteases in AA sepsis patients during mild sepsis and upon
clinical resolution of sepsis.

Methods

Study population

We conducted a pilot study on all admitted patients within
our institution’s medicine service between February and
November 2018, who fulfilled the inclusion criteria. The
study was granted IRB approval by our Institutional Review
Board and adherence to the Declaration of Helsinki. Within
this time period, the majority of patients were admitted with
the suspicion of infection to the medicine service, with no
patient suffering from trauma. All patients were enrolled
within 24 h of emergency department triage, and therefore, no
patients were long-term admissions. Fifteen adult patients
were selected for our study group, based on 2001 consensus
definitions for sepsis.'® Patients were referred from either the
emergency room, the medical intensive care unit (MICU), or
the general medicine ward at SUNY Downstate Health
Sciences University from February to November 2018.
Fifteen control patients were selected from the general ambu-
latory clinics at the same institution during that time period
given that they were adults who did not meet the predeter-
mined definitions for sepsis. Patients were excluded if they
had a known history of the following criteria: sickle cell dis-
ease, pulmonary artery hypertension, recent packed red blood
cell transfusion, acute coronary syndrome, life-threatening

bleeding, hypercapnia, hypothermia, severe acidosis, and sig-
nificant anemia with hemoglobin <7 mg/dL.

Sepsis patients had peripheral blood taken on presentation
(Sepsis A) and again upon resolution of the signs of sepsis
(Sepsis B), with a minimal time interval of 24h between
samples, after admission. Inflammation and protease changes
upon resolution of the signs of sepsis were the primary out-
come of the study. Control patients had a one-time blood
draw of the same quantity upon enrollment. Plasma was iso-
lated from the peripheral blood samples and stored at —80°C
until bead assays were performed. The clinical characteris-
tics of each patient were collected at the time of enrollment
and the collection of the second sepsis sample. Simplified
Acute Physiology Score II (SAPS II) and Sepsis-related
Organ Failure Assessment (SOFA) scores were calculated
for each patient.'*! Written informed consent was obtained
from all study participants and approved by the institutional
review board of the State University of New York Downstate
Medical Center.

Chemokine, cytokine, and protease detection

All samples were analyzed for epidermal growth factor
(EGF), interferon (IFN)-02, IFNy, interleukin-1 receptor
antagonist (IL-1RA), interleukin (IL)-1a, IL-1, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-7, IL-10, IL-12p40, IL-12p70, IL-15,
IL-13, IL-17A, IL-8, granulocyte-macrophage colony-stim-
ulating factor (GM-CSF), granulocyte colony-stimulating
factor (G-CSF), monocyte chemoattractant protein-1 (MCP-
1), macrophage inflammatory protein (MIP)-1a,, MIP-1p,
interferon gamma-induced protein (IP)-10, tumor necrosis
factor (TNF)-a, TNF-B, eotaxin, and vascular endothelial
growth factor (VEGF) using a human cytokine 29-multiplex
panel (Millipore Chemokine and Cytokine Assay, Millipore).
The detection threshold ranged from 0.4 to 26.3 pg/mL over
all the 29 bead assay targets. Cathepsin S (CTSS) and matrix
metallopeptidase 12 (MMP-12) levels were quantified using
a human multiplex bead assay (R&D Systems).

Statistics

In this exploratory pilot study, a sample size was estimated
from IL-8 plasma responses in sepsis patients with a three-
fold concentrations of IL-8 plasma compared to controls'®
and power of 0.80 with an ae=0.05, then a population size of
at least 15 samples is recommended, using the UBC online
sample size calculator'” based on the normal approximation
to the binomial distribution.'® All statistical analysis was per-
formed using the GraphPad Prism Software (Version 5 for
Mac OS X). D’Agostino and Pearson omnibus normality and
F-tests were performed on all data sets. Significant outliers
were identified using the Grubbs test (also known as extreme
studentized deviate method) and excluded, only if the outlier
did not change the result outcome or assumption. Data set
pairs were compared by Student’s #-test (two-tailed) when
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Table |I. Control and sepsis group characteristics/demographics.

Table 2. Laboratory and clinical findings of sepsis group subjects
on admission.

Controls, Sepsis, N=15  p-value
N=16 (%) (%) N=15
Average age (years) 49.25*19.81 61.20=18.17 0.091 Age (years) 61.20=18.17
Gender (% male) 7 (43.75%) 6 (40.00%) >0.740 Gender (male n, %) 6 (40%)
Ethnicity Ethnicity
African Caribbean 5(31%) 10 (67%) >0.085 African Caribbean 10 (67%)
African American 3 (19%) 3 (20%) >0.978 African American 3 (20%)
Caucasian 4 (25%) 0 (0%) Unknown 2 (13%)
Asian I (6%) 0 (0%) BMI 27.74£13.23
Unknown 3 (19%) 2 (13%) >0.653 Clinical findings on admission
BMI 29.76 = 12.33  27.74*+13.23 0.6002 Glasgow Coma Scale (GCS) 14.13=2.10
Comorbidities 1.93=1.71 320 1.6l 0.0461 Heart rate (bpm) 119£16.99
Smoking Hx (%) 6 (40.00%) 4 (26.77) 0.2467 Blood pressure (mm Hg) 131/83 = 32/23
Asthma Hx (%) 5 (33.00%) | (6.67%) 0.0719 Mean arterial pressure (MAP) (mm Hg) 84.07 = 13.71
COPD Hx (%) 2 (13.33%) 0 (0.00%) 0.1534 Temperature (F) 101.29 =211
GERD Hx (%) 3 (20.00%) | (6.67%) 0.2990 WBC count (cells/pL) 14.59 =4.43
Hemoglobin (g/dL) 11.86 =2.04
BMI: body mass index; COPD: ch'ronic obstructive pulmonary disease; Platelets X 10 (per pL) 207.40 +72.10
GERD: gastroesophageal reflux disease.
Data are presented as mean = SD or percentages in parentheses. Data pH 7.380.10
were analyzed by D’Agostino and Pearson omnibus normality test and HCO3 (mEq/L) 2327 +7.03
further analyzed by either Student’s t-test (two-tailed) or the Mann— PVCO2 (mmHg) 44,08 +8.95
Whitney test. p-values are shown here with significant differences in Lactate (mmol/L) 293+ 143
bold. Creatinine (mg/dL) |47 + 1.69
Bilirubin (mg/dL) 0.87 £0.69

they passed normality testing and by Mann—Whitney test if
they did not pass normality testing. Wilcoxon signed-rank
tests were performed on data from the same patient samples
from separate days. Data are presented as mean value and
standard deviation unless otherwise specified. Exact p-val-
ues are shown.

Results

Patient demographics

The sepsis group (N=15) consisted of six males (40%)
whereas the control group (N=16) included seven males
(43.75%; p=10.9999) (Table 1). The mean age for the sepsis
group was 61.20 = 18.17years, versus 49.25 + 19.81 years
in the control group (p-value=0.0913). The three most com-
mon ethnicities overall were Afro-Caribbean, AAs, and
Caucasians, and they composed 31%, 19%, and 25% of the
control group and 67%, 20%, and 0% of the sepsis group,
respectively (Table 1). The comorbidity index was 3.20 in
the sepsis group and 1.93 in the control group (p=0.0461).
Four patients (26.77%) were smokers in the sepsis group
versus six (40%) in the control group. On admission, the sep-
sis subjects had an average heart rate, blood pressure, tem-
perature, white blood cell (WBC) count, and lactate level of
119bpm, 131/83mmHg, 101.29°F, 14.59 X 103/uL, and
2.93 mmol/L, respectively (Table 2). Most infections were of
pulmonary source (n=6, 40%), followed by genitourinary
(n=4, 26.67%), skin and soft tissue (n=2, 13.33%), bactere-
mia (n=2, 13.3%), and intra-abdominal (n=1, 6.67%). The

Source of infection (%)

Respiratory 6 (40.00%)
Genitourinary tract 4 (26.67%)
Abdominal | (6.67%)
Skin and soft tissue 2 (13.33%)
Bacteremia 2 (13.30%)
Time to the collection of the second 320*+2.34
sample (days)
SOFA score 227+ 1.44
SAPS Il score 27.93+12.78

BMI: body mass index; WBC: white blood cell.

Data are presented as mean = SD or percentages in parentheses.

Data were analyzed by the D’Agostino and Pearson omnibus normality
test and further analyzed by either Student’s t-test (two-tailed) or
Mann—Whitney test.

time interval between Sepsis A and Sepsis B was
3.20 = 2.34days apart. An existing clinical scoring system
(SAPS 1II) was used to correlate measured cytokine levels
with the severity of sepsis and mortality. The SAPS II and
SOFA scores were 27.93 = 12.78 and 2.27 = 1.44 on admis-
sion, respectively, and were significantly reduced to
21.27%+7.32 (p=0.0263) and 0.87 = 1.30 (»p=0.0004) after
clinical resolution of sepsis (Table 3). Bilirubin was
0.87+0.69mg/dL. on admission and 0.62 = 0.64 mg/dL
(»=0.0107) after clinical resolution of sepsis which was sta-
tistically significant but clinically insignificant. Glasgow
Coma Scale (GCS), platelet count, creatinine, and mean arte-
rial pressure (MAP) did not change significantly from admis-
sion to after clinical resolution of sepsis (Table 3).
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Table 3. Laboratory and clinical findings of sepsis group subjects
on admission (Sepsis A) and upon clinical resolution (Sepsis B).

Sepsis A Sepsis B p-value

GCS 14.13+2.10 1473080 0.1077
Platelets X 10° (per uL) 207.40 +=72.10 256.70 = 129.60 0.0620

Creatinine (mg/dL) 1.47 = 1.69 1.66 3.16 0.6371

Bilirubin (mg/dL) 0.87 +0.69 0.62+0.64 0.0107
MAP (mmHg) 84.07+13.71 89.27+10.07 0.1209
SOFA score 227+ 1.44 0.87+1.30 0.0004
SAPS Il score 2793 +12.78 21.27+7.32 0.0263

GCS: Glasgow Coma Scale; MAP: mean arterial pressure.

Sepsis patients had peripheral blood taken on presentation (Sepsis A) and
again upon resolution of the signs of sepsis (Sepsis B) with a minimal time
interval of 24 h after admission. Data are presented as mean = SD values.
Data were analyzed by the D’Agostino and Pearson omnibus normality
test and further analyzed by either Student’s t-test (two-tailed) or Mann—
Whitney test. p-values are shown here with significant differences in bold.

Table 4. Significant elevation of various inflammatory markers
and proteases in septic patients (Sepsis A) compared to control
subjects.

Target Control Sepsis A p-value
G-CSF 28.97 =22.30 93.62 = 46.08 0.0002
IL-10 6.54+5.58 40.27 £21.82 <0.0001
IL-15 4.03*1.82 12.31 £8.78 0.0020
IL-IRA 17.11 £9.88 100.80 = 94.87 0.0014
IL-6 N/D 62.43+73.16 -

IL-8 6.01 =9.89 23.76 = 14.44 0.0009
IP-10 764.70 = 548.90 1884.00 = 1168.00 0.0023
MCP-1 424.50 = 180.70 627.70 = 303.40 0.0171
MMP-12 0.8*+0.2 3909 <0.001
CTSS 535540+ 1901.10  7821.80+3113.20 0.002

G-CSF: granulocyte colony-stimulating factor; IL: interleukin; IL-1RA: in-
terleukin-1 receptor antagonist; IP-10: interferon gamma-induced protein
10; MCP-1: monocyte chemoattractant protein-1; MMP-12: matrix metal-
lopeptidase 12; CTSS: cathepsin S.

Data are presented as mean * SD. Values detected below the threshold
limit defined by assay were labeled as not detectable (N/D). Data were
analyzed by the D’Agostino and Pearson omnibus normality test and
further analyzed by either Student’s t-test (two-tailed) or Mann—Whitney
test. p-values are shown here with significant differences in bold.

Plasma cytokines and proteases differ between
control and mild sepsis patients

From the 31 cytokines, chemokines, growth factors, and pro-
teases measured in plasma of septic and control subjects, nine
were elevated in the sepsis group. In this analysis, levels of
G-CSF (p=0.0002), IL-10 (p=<0.0001), IL-15 (p=0.0020),
IL-1RA (p=0.0014), IL-8 (»p=0.0009), IP-10 (p=0.0023),
MCP-1 (p=0.0171), MMP-12 (p<0.001), and CTSS
(»p=0.002) were all expressed higher in septic patients on
admission (Sepsis A) compared to control subjects (Table 4).
IL-6 levels in control subjects were below the detection levels
of the assays. However, we detectable in all the Sepsis A

samples (Table 4). The remaining targets were not different
(see Supplemental Table 1).

Plasma levels of G-CSF, IL-8, IL-6, and CTSS
reduce following clinical resolution

These nine targets that were examined further and re-meas-
ured in the septic group upon resolution of sepsis, that is,
Sepsis B, using the same assays. In that analysis, levels of
G-CSF (p=0.0141), IL-6 (p=0.0140), IL-8 (p=0.0029), and
CTSS (p=0.010) were reduced in Sepsis B samples com-
pared to Sepsis A (Figure 1).

Discussion

The study profiled various chemokines, cytokines, growth
factor, and proteases in the plasma of AA and Afro-Caribbean
patients with sepsis to those without sepsis, and further eval-
uated these changes in the same sepsis patients after the reso-
lution of clinical sepsis symptoms. We further focused this
study on patients with early or mild sepsis, paying attention
to a population that an Internist or an Emergency Medicine
physician will routinely encounter. G-CSF, IL-1RA, IL-8§,
IL-10, IL-15, IP-10, MCP-1, MMP-12, and CTSS levels
were elevated in the plasma of sepsis patients compared to
controls. Interestingly, G-CSF, IL-6, IL-8, and CTSS levels
were decreased in the plasma of sepsis patients after the res-
olution of the signs of sepsis. This pilot study gives us impor-
tant knowledge on inflammation and protease changes in AA
and Afro-Caribbean populations. Equally, identifying we are
the first to demonstrate altered changes in CTSS in sepsis.
The systemic inflammation status is extensively studied
in sepsis. However, some investigators report that most
cytokines show similar profiles between patients with mild
or severe sepsis.!? IL-8, MCP-1, and MIP-1B observed in
early sepsis and correlate with organ failure.!” MIP-1B and
GM-CSF were also reported to be reduced during sepsis."’
We were unable to detect MIP-1§3 in our patient population
and only detected GM-CSF in our control patient population.
Others report that IL-1p, IL-6, IL-8, IL-12, IFN-y, G-CSF,
and TNF-o remain high in non-survivor sepsis patients.'® In
our study, all patients survived and experienced primarily
mild sepsis defined by SOFA and SAPS II scoring. Therefore,
itis not surprising that a different cytokine profile is reported.
Equally, additional studies observe elevated IL-13, MCP-1,
MIP-1 B, IL-12, IFN-y, TNF-a,' IL-7, IL-10, IL-13,'® and
IL-18.2° Whether these differences are due to ethnic differ-
ences or disease severity need to be addressed. Many studies
do not report the ethnic background of the study population.
The study by Bozza et al.'® was performed in Brazil and the
study by Rau et al.?° in Germany do not report the ethnic
background of the patient population. Therefore, it is cur-
rently difficult to compare our outcomes to other studies.
The targets outlined here that respond upon clinical reso-
lution could play a central role in several responses during
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Figure I. Plasma levels of G-CSF, IL-8, IL-6, and CTSS reduce following clinical resolution. (a) Luminex bead assays were performed for
G-CSF, IL-10, IL-15, IL-IRA, IL-8, IP-10, MCP-1, IL-6, MMP-12, and CTSS on plasma from sepsis patients at the time of admission (Sepsis
A) and following clinical resolution (Sepsis B). (b) Plasma levels of G-CSF, IL-8, IL-6, and CTSS from Sepsis A and B. Corresponding
squares connected by a line to demonstrate trend for individual subjects. Concentrations are given in pg/mL of plasma. Data are
presented as mean values and SD. Data were analyzed by D’Agostino and Pearson omnibus normality test and further analyzed by the
Wilcoxon signed-rank test. p-values are shown comparing groups connected by a line.

sepsis. IL-6, produced by multiple cell types, has both anti-
inflammatory and pro-inflammatory roles depending on the
signaling pathway.?! The severity of sepsis correlates with
the early levels of IL-6.22 In our study population, IL-6 levels
were not detectable in controls, unlike septic patient

samples. IL-6 is reported to be associated with the highest
risk of death in patients with sepsis.?® Similar to IL-6, ele-
vated IL-8 is frequently observed in sepsis patients.?*?> IL-8
is produced by multiple cell types, including macrophages,
and serves to attract neutrophils to the site of infection.?
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Multiple studies suggest that IL-8 may have a unique role in
the immune response to sepsis. A study in burn patients
showed that high IL-8 levels correlated with increased risk
for multi-organ failure, sepsis, and mortality.?’” Likewise,
researchers found increased IL-6, IL-8, and MCP-1 plasma
levels in septic patients who died compared to survivors.?
Increased IL-8 levels in sepsis were also associated with the
risk of developing acute lung injury.?® In a Brazilian study,
IL-8 and MCP-1 exhibited the best correlation with the
SOFA score.'® In agreement with the preceding studies, our
study found that plasma IL-8 levels coincided with SAPS 11
and SOFA scores in AAs. In fact, IL-8 demonstrated the
greatest reduction in levels in the follow-up sepsis samples
(»<0.003). Furthermore, IL-8 plasma levels declined by
80% (12 patients) of the sepsis cohort. A potential limitation
in the utility of IL-8 as a clinical readout of disease severity
is its lack of specificity for diagnosing sepsis, as it is elevated
in many other inflammatory disease states®® and may lack
the diagnostic power that is needed in the identification of
patients with sepsis. When compared to procalcitonin, a
commonly utilized marker, IL-8 does not demonstrate the
same level of clinical utility.>! This uncertainty in the litera-
ture suggests that more research is required to establish the
role of IL-8 in response to sepsis.

We also observed changes in G-CSF in our study popula-
tion. G-CSF is a hematopoietic cell stimulator released by
macrophages, epithelial cells, and T cells, which promotes
cellular proliferation and differentiation and neutrophil
migration and cytokine release.?? In contrast to IL-8, G-CSF
is believed to play a protective role in sepsis and researchers
have investigated its use in infectious disease states like
pneumonia.’*** A study of nearly 760 pneumonia subjects
found that G-CSF administration did not improve mortality
or length of stay. It did, however, increase neutrophil num-
bers and reduced the incidence of complications like acute
respiratory distress syndrome (ARDS) and empyema.®> In
agreement with our study, another group found that G-CSF
levels were the highest in early sepsis (within 3 h of diagno-
sis) and remained persistently elevated during the course of
the disease.’® Interestingly, pretreatment with G-CSF
improved survival in murine models of peritonitis and
sepsis.>*” Given its role in neutrophil maintenance and cel-
lular proliferation, it is conceivable that G-CSF could be
exerting protective effects on immune responses and tissue
repair in sepsis.

To our knowledge, this is the first report demonstrating
that CTSS levels changes in sepsis. CTSS is a protein found
inside the lysosomal/endosomal compartments of primarily
antigen-presenting cells and plays a significant role in vari-
ous intracellular and extracellular processes, including pro-
teolysis and major histocompatibility complex (MHC) class
II-mediated immune responses.>® It has a recognized role
in several different disease processes including various
pulmonary diseases, cardiovascular disease, diabetes, and
cancer;*>*? however, its role in sepsis is unclear. CTSS may

play a role in sepsis by inducing apoptosis by causing direct
mitochondrial damage and mediating cytochrome c release.*
Importantly, recent data suggest that circulating CTSS pro-
tein levels are associated with increased mortality risk in
elderly men and women,* and CTSS is associated with the
promotion of pain signaling.*>4¢

Like CTSS, MMP-12 is a protease that degrades elastase
and is primarily expressed in macrophages and plays a sig-
nificant role in several diseases.*’ In addition, MMP-12 could
play arole in sepsis as MMP inhibitors prevent sepsis-induced
refractoriness to vasoconstrictors in rat sepsis models.*® The
MMP-12 protein can directly induce an early inflammatory
response characterized by neutrophil infiltration, cytokine
release, gelatinase activation, and delayed macrophage
recruitment.** More research is needed to further understand
the functional role of proteases in sepsis.

Despite multiple important observations from our study,
there are several limitations that we need to discuss. There
were only 15-16 subjects in each arm of the study. Increased
sample size and study power are required to verify the signifi-
cance of our data. Of note, a recent study found that plasma
MCP-1, soluble CD14, IL-6, and IL-10 levels were higher in
subjects with pneumonia and infective endocarditis compared
to those with bacterial meningitis.*® While we cataloged the
source of infection in our study, we have not discussed any
possible associations due to the small cohort size. It is also
conceivable, that larger sample size may have detected
changes in other plasma cytokine/chemokines. It is important
to note that our study may not be generalizable to all sepsis
patients. Our study focuses on patients with early or mild sep-
sis and all patients survived. More appreciable differences in
these cytokines/chemokines may be identified with larger
sample size and including patients presenting with higher ini-
tial SAPS II and SOFA scores correlating with a more severe
clinical presentation. Equally, although our patient population
is primarily AA and Afro-Caribbean and we collected samples
from sepsis and control subjects within our institution, several
patients were not AA or Afro-Caribbean. Additional studies
are needed comparing larger cohorts from multiple ethnicities.
Our sepsis cohort also has higher numbers of comorbidities
than the control group. Finally, all our study subjects were
adults so it is uncertain whether these findings would apply to
a pediatric population.

Conclusion

Our observations suggest that further investigations into the
roles of IL-6, IL-8, G-CSF, and CTSS in sepsis in the Afro-
Caribbean and AA population. Equally, they may represent
good indicators for sepsis resolution. Further work is neces-
sary to confirm the significance of these inflammatory pro-
teins in sepsis, compare the expression and circulating levels
of inflammatory proteins among ethnic subpopulations,
investigate if they can be used in the diagnosis of sepsis and
monitoring response to therapeutic interventions, and their
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use to improve treatment of sepsis. Finally, further studies
are required on the role of CTSS in sepsis, as this is the first
time CTSS is reported to be elevated in sepsis.
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