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ARTICLE INFO ABSTRACT

Managing Editor: Jingling Bao/ Zhiyu Wang Background: Prolonged length of stay (LOS) of sepsis can drain a hospital’s material and human resources. This

study investigated the correlations between T helper type 17 (Th17) and regulatory T (Treg) balance with LOS

Keywords:
sel?sdi,s in sepsis.
Th17/Treg Methods: A prospective clinical observational study was designed in Changhai Hospital affiliated to Naval Medical

Length of stay

! . University in Shanghai, China, from January to October 2020. The patients diagnosed with sepsis and who met
Intensive care units

the inclusion and exclusion criteria were recruited and whether the levels of cytokines, procalcitonin, subtypes,
and biomarkers of T cells in the peripheral blood were detected. We analyzed the correlation between these and
LOS.

Results: Sixty septic patients were classified into two groups according to whether their intensive care unit (ICU)
stay exceeded 14 days. The patients with LOS >14 days were older ([72.6+7.5] years vs. [63.3+10.4] years,
P=0.015) and had higher Sequential Organ Failure Assessment (SOFA) (median [interquartile range]: 6.5 [5.0-
11.0] vs. 4.0 [3.0-6.0], P=0.001) and higher Acute Physiology and Chronic Health Evaluation (APACHE) II scores
(16.0 [13.0-21.0] vs. 8.5 [7.0-14.0], P=0.001). There was no difference in other demographic characteristics and
cytokines, interleukin-6, tumor necrosis factor-a, and interleukin-10 between the two groups. The Th17/Treg
ratio of sepsis with LOS <14 days was considerably lower (0.48 [0.38-0.56] vs. 0.69 [0.51-0.98], P=0.001). For
patients with LOS >14 days, the area under the receiver operating characteristic curve for the Th17/Treg ratio
was 0.766. It improved to 0.840 and 0.850 when combined with the SOFA and APACHE II scores, respectively.

Conclusions: The Th17/Treg ratio was proportional to septic severity and can be used as a potential predictor of
ICU stay in sepsis, presenting a new option for ICU practitioners to better care for patients with sepsis.

Introduction mune caused by severe infection was considered the central

pathogenesis of sepsis.l>>) There is a clear link between the

Sepsis is a significant public health concern. Compared with
previous estimates, the estimated global annual number of sep-
sis cases has doubled, now totaling almost 49 million.['] Sep-
sis refers to the life-threatening organ dysfunction caused by
the dysregulation of the host’s response to infection, espe-
cially immune dysregulation with pro-inflammatory and anti-
inflammatory imbalance.!?! The complicated and collapsed im-

length of stay(LOS) in intensive care unit (ICU) stay for patients
with sepsis and their prognosis and healthcare expenses. More-
over, the LOS in the ICU is an essential indicator for the diagno-
sis of persistent inflammatory-immunosuppressive and catabolic
syndrome (PICS) (>14 days).[®] Limited studies on ICU hospital-
ization costs show that early intervention can reduce hospital-
ization expenditures. The practice of early mobility in the ICU
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is associated with reduced total expenses and medical issues.!”!
There are, however, no clinically established determinants of
ICU duration of stay for sepsis patients.

T lymphocytes are one of the critical immune cells that
regulate antimicrobial phagocytic and cytotoxic activity. T
cells can be divided into many subtypes, and the proportion
of each subtype differs by the stages of T cell immunity.[®!
Among such subtypes, regulatory T cells (Treg) and the clus-
ter of differentiation (CD)4*IL-17* T helper cells (Th17) share
a common precursor cell and change appearance with dis-
ease progression.[®-1°1 The balance between Th17 and Treg has
emerged as a prominent factor in regulating autoimmunity.[!]
Accumulated evidence suggests that the imbalance of Thl7
and Treg is associated with the development of many
diseases,!'?] such as primary Sjogren’s syndrome, (3! experimen-
tal autoimmune encephalomyelitis,!'#! human graft-versus-host
disease,['>1 and asthma.['°!

This study explored the hypothesis that Th17/Treg cell
homeostasis may predict LOS of sepsis patients in the ICU.

Methods
Patient characteristics

Sepsis patients admitted to the ICU in Shanghai Changhai
Hospital from January to October 2020 were recruited, and the
study was approved by the human ethics committee of Chang-
hai Hospital (CHEC2019-133). We obtained informed consent
from all subjects or their relatives before enrollment. The diag-
nostic criteria of sepsis were based on the definitions for sep-
sis and septic shock defined in The Third International Consen-
sus (Sepsis-3).['7] Eligibility criteria for enrollment in this study
included patients aged 18-80 years with a diagnosis of sepsis
(Sequential Organ Failure Assessment [SOFA] >2 points) and
systolic blood pressure <90 mmHg who have not been resusci-
tated with corticosteroids, blood, or blood products. The sever-
ity of the patient’s disease was assessed using the Acute Physi-
ology and Chronic Health Evaluation (APACHE) II, and the ex-
tent of organ dysfunction was assessed using the SOFA score
(range, 0-24). Exclusion criteria included: (1) age <18 years;
(2) severe acute head injury (Glasgow Coma Scale score<5);
(3) presentation at terminal stage that could not be resusci-
tated; (4) autoimmune diseases, such as rheumatoid arthritis,
systemic lupus erythematosus, asthma, and multiple sclerosis;
(5) acquired immunodeficiency syndrome; (6) acute stroke, my-
ocardial infarction, or recent viral hepatitis; (7) use of hormones
or immunosuppressors within 3 months before hospitalization;
(8) transplant surgery; (9) unexpected termination of continu-
ous blood purification treatment; (10) patients resuscitated with
anti-inflammatory drugs or corticosteroids; and (11) septic pa-
tients whose blood sample was not taken within the first 8 h
after the definition of sepsis.

Reagents

Tumor necrosis factor-a (TNF-a), interleukin (IL)-17A,
IL-10, IL-6 enzyme-linked immunosorbent assay (ELISA)
kits, fluorescent-labeled monoclonal antibodies anti-CD4-
fluorescein isothiocyanate (FITC), anti-IgG1-FITC, anti-CD25-
Phycoerythrin (PE), anti-IgG1-PE, anti-FoxP3-Allophycocyanin
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(APC), anti-Interferon (IFN)-gamma-PE, anti-IgG1-APC, and
anti-IL-17-APC were bought from eBiosciences (San Jose, CA,
USA). FIX & PERM medium was obtained from Invitrogen (Cal-
ifornia, USA). Leukocyte Activation Cocktail was obtained from
BD (New York, USA), Catalog No.550583, containing phorbol
12-myristate 13-acetate (PMA), a calcium ionophore (iono-
mycin), and the protein transport inhibitor BD GolgiPlug™
(Brefeldin A, New York, USA).

Blood samples

Venous blood samples were drawn into ethylenediaminete-
traacetic acid (EDTA) tubes within 24 h after the patients were
diagnosed with sepsis. Blood samples were refrigerated at 4 °C
after EDTA anticoagulation. Density gradient centrifugation was
conducted at 2000 revolutions per minute (rpm) for 20 min
to isolate peripheral blood mononuclear cells (PBMCs), which
were used to detect the expression of membrane markers. Ad-
ditionally, plasma was obtained and stored at —80 °C for subse-
quent cytokine detection. The concentration of PBMCs was ad-
justed to 1 x 10%/mL in Roswell Park Memorial Institute (RPMI)
1640 (Gibco, Thermo Fisher, Dublin, Ireland)culture solution
supplemented with 100 U/mL penicillin, 100 xg/mL strepto-
mycin, 2 mmol/L glutamine, and 10% fetal calf serum (Gibco,
Thermo Fisher, Dublin, Ireland). The cell suspension was seeded
onto 12-well cell culture plates. Cells were treated with 1 uL
Leukocyte Activation Cocktail, BD GolgiPlug (BD, New York,
USA), and incubated in darkness at 37 °C under a 5 %- carbon
dioxide atmosphere for 6 h.

Flow cytometry

All antibodies listed were obtained from eBioscience (San
Diego, CA, USA). A total of 5 uL labeled antibodies was added
in each procedure. Because the PMA culture stimulates PBMC,
it produces endocytosis of CD4 on the cell surface, which inter-
feres with CD4 flow cytometric staining. As a result, CD3*CD8~
T cells were employed to counter-select CD4* T cells in this
investigation. Stimulated and cultured mononuclear cells were
collected, pre-incubated for 15 min with unlabeled isotype
control Abs (IgGl or IgG2b), and then incubated with anti-
CD3-FITC, anti-CD8-PE, or anti-CD4-FITC and anti-CD25-PE.
A parallel control group was treated with their isotype con-
trols. Then, mononuclear cells were treated with 100 L FIX
& PERM medium A and B (Invitrogen). Then, anti-IL-17-APC
or anti-FoxP3-APC was added to PBMCs. A parallel control
group was treated with isotype controls. Both suspensions were
incubated at 4 °C away from light for one night. The mark-
ers for Treg cells and Th17 cells were CD4tCD25%FoxP3™,
CD4*IL17*(unstimulated with PMA), or CD3*CD8"IL17* (stim-
ulated with PMA), respectively.

Plasma cytokines

The plasma of patients with sepsis was collected, as described
above, to measure the content of TNF-a, IL-17, IL-10, and IL-6
in the plasma from the patients using ELISA according to the
manufacturer’s recommendations (Thermo Fisher).
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Statistics

All analyses were done using SPSS, version 22.0 (IBM Corp.
Armonk, New York, USA) and GraphPad Prism 8.0 (GraphPad
Software, San Diego, CA, USA). Continuous variables were
reported as mean =+ standard deviation or median (interquartile
range [IQR]) after assessing their normal distribution using
the Kolmogorov-Smirnov test. To compare the two groups, the
independent samples t-test was used for normally distributed
data, and the Mann-Whitney test was used for non-normally
distributed data. For the comparisons across multiple groups,
the one-way analysis of variance and the Kruskal-Wallis test
were used to analyze normally and non-normally distributed
data, respectively. Categorical data were summarized using
numbers (percentage) and were compared using the chi-
squared or Fisher’s exact test. Spearman’s rank correlation was
applied to determine the correlation between variables. The
area under the receiver operating characteristic (ROC) curve
was calculated to evaluate the diagnostic and prognostic value
of the tested parameters. A value of P <0.05 was considered
statistically significant.

Results
Demographic data of the septic patients

Sixty-five adult patients with sepsis were admitted, encom-
passing 41 males and 24 females. Five patients died in the ICU;
three were admitted < 14 days, and two > 14 days. According to
whether they had been in ICU > 14 days, 60 surviving patients
were divided into two groups. Patients who had been in ICU
> 14 days were older ([72.6+7.5] years vs. [63.3+10.4] years,
P=0.015) and had higher SOFA (median=6.5 [IQR:5.0-11.0] vs.
median=4.0 [IQR:3.00-6.00], P=0.001) and APACHE II scores
(median=16.0 [IQR:13.0-21.0] vs. median=8.5 [IQR:7.0-14.0],
P=0.001). There were no significant differences in other demo-
graphic data between the two groups (Table 1).

Comparison of Th17 and Treg in patients with sepsis between
two groups

The proportion of Th17 and Treg among CD4* T lympho-
cytes and Th17/Treg was compared between patients with sep-
sis and LOS less or longer than 14 days. There was a significant
difference in the proportion of Treg between the two groups of
patients (median = 4.21 [IQR: 3.66-5.26] vs. median = 3.50
[IQR 2.85-4.37], P=0.020) (Figure 1). The proportion of Th17
in patients with sepsis who stayed in the ICU for more than 14
days was significantly increased (median = 2.47 [IQR: 2.01-
3.03] vs. median = 2.19 [IQR: 1.56-2.46], P=0.005) (Figure 2).

Cytokines in patients with sepsis and ICU LOS longer than
14 days

As shown in Table 2, despite the more severe condition of
patients with sepsis who had been in the ICU >14 days, the con-
ventional cytokines, including IL-6, TNF-a, and IL-10, were not
significantly different from those in the patients who had been
in the ICU < 14 days. However, the IL-17 levels in the patients
with sepsis who had been in the ICU > 14 days were signifi-
cantly increased compared with those in patients who had been
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Table 1
Demographic data of septic patients with different LOS in ICU.
ICU LOS ICU LOS

Parameter Total <14 days (n=36) >14 days (n=24) P-value
Age (years) 67.1+10.4 63.3+10.4 72.6+7.5 0.015
Gender (M/F) 39/21 24/12 15/9 0.742
Height (cm) 166.7+9.5 166.8+9.2 166.7+10.0 0.862
Body weight 67.7+13.1 65.6+13.2 70.7+£12.7 0.516
(kg)
White blood 16.6 (11.1-23.7) 18.4 (12.4-24.3) 16.6 (8.3-21.0) 0.165
cells (10°/L)
Lymphocytes 0.7 (0.4-1.0) 0.7 (0.4-0.9) 0.7 (0.3-1.1) 0.868
(106/L)
SOFA score 5.0 (4.0-9.0) 4.0 (3.0-6.0) 6.5 (5.0-11.0) 0.001
APACHE II score 13.0 (8.0-17.0) 8.5 (7.0-14.0) 16.0 (13.0-21.0) 0.001

Data expressed as mean+SD or median (interquartile range).

APACHE II: Acute physiology and chronic health evaluation II; ICU: Intensive
care units; LOS: Length of stay; M/F: Male/female; SD: Standard deviation;
SOFA: Sequential organ failure assessment.

Table 2
Inflammatory cytokines in patients with sepsis by LOS in the ICU.

ICU LOS ICU LOS
Parameter Total <14 days (n=36) >14 days (n=24) P-value
IL-6 (pg/mL)  163.5 (44.5-374.6) 125.5 213.0 0.154
(44.0-301.0) (66.0-376.0)

TNF-a (pg/mL)
IL-10 (pg/mL)

23.9 (13.6-34.0)
20.3 (8.6-50.8)

19.0 (13.0-34.3)
18.5 (8.0-35.5)

27.0 (17.0-34.0) 0.484
25.5(10.3-57.3) 0.327

IL-17 (pg/mL) 140.8 (107.6-188.9) 125.9 173.4 0.020
(98.5-162.8) (131.9-206.9)
PCT (pg/mL) 6.9 (1.4-16.5) 5.2(1.1-10.0) 7.4 (3.1-23.3) 0.097

Data are expressed as median (interquartile range).
ICU: Intensive care units; IL: Interleukin; LOS: Length of stay; PCT: Procalcitonin;
Th17: T helper type 17; TNF-a: Tumor necrosis factor-a; Treg: Regulatory T.

in the ICU < 14 days (median= 125.94 [IQR: 98.53-162.81] vs.
median = 173.36 [IQR: 131.86-206.94], P=0.02).

The Th17/Treg ratio and relevance with the LOS, SOFA, and
APACHE II scores

The ratio of Th17/Treg in patients with sepsis who had
been in the ICU >14 days was significantly increased compared
with those who had been in the ICU <14 days (median = 0.48
[IQR:0.38-0.56] vs. median= 0.69 [IQR: 0.51-0.98], P=0.001)
(Figure 3A), indicating that Th17/Treg may be a detection in-
dex of the LOS of patients with sepsis in the ICU. The ratio of
Th17/Treg in patients with sepsis was positively correlated with
the LOS (Figure 3B), SOFA score (Figure 3C), and APACHE II
score (Figure 3D) in the ICU.

Predictive roles of Th17/Treg ratio, SOFA score, and
APACHE II score on LOS in ICU

A ROC analysis was performed to investigate the predictive
roles of the Th17/Treg ratio, SOFA score, APACHE II score,
Th17/Treg ratio combined with SOFA score, and Th17/Treg ra-
tio combined with APACHE II score for LOS in the ICU (Table 3
and Figure 4).
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Table 3
Predictive roles of Th17/Treg ratio, SOFA score, and APACHE II score on LOS
in ICU.

Parameters AUC 95 % CI

Th17/Treg ratio 0.766 0.627 to 0.906
APACHE II score 0.760 0.637 to 0.884
SOFA score 0.764 0.642 to 0.887
Th17/Treg ratio + SOFA score 0.840 0.735 to 0.945
Th17/Treg ratio + APACHE II score 0.850 0.747 to 0.952

APACHE II: Acute physiology and chronic health evaluation II; AUC: Area un-
der curve; CI: Confidence interval; ICU: Intensive care units; LOS: Length of
stay; SOFA: Sequential organ failure assessment; Th17: T helper type 17; Treg:
Regulatory T.

Discussion

The present study found that in patients with sepsis, an ini-
tial high Th17 ratio and a decreased Treg ratio were related
to a longer ICU stay. A higher Th17/Treg ratio was linked to a
longer ICU stay. Its area under the ROC curve for predicting ICU
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length of stay longer than 14 days in patients with sepsis was
0.766, which reached 0.850 when paired with the APACHE II
score. These findings imply that a Th17/Treg imbalance has a
role in the pathophysiology of immunological diseases caused
by sepsis.

The immune system plays a double-edged role in sepsis: it
protects against invading pathogens, but its overreaction can
cause organ injury.['®! During sepsis, the invasion of a large
number of pathogens causes immune overreaction and the de-
pletion of a large number of lymphocytes, inducing immune
paralysis. Th17, Treg, and their balance proportion have gar-
nered growing interest in maintaining immune homeostasis.['*!
Although Treg represents less than 10 % of circulating CD4* T
cells, it can limit the overreaction of effector cells, protect sur-
rounding normal tissues from damage, and maintain immune
homeostasis.[?0-2!1 Th17 cells are terminally differentiated cells
that play an opposite role to Treg, and IL-17 released by Th17
can promote inflammation in sepsis.[?2] Studies have found that
Th17 can appear in lung tissue to help eliminate bacteria in the
bacterial infection model, including Klebsiella pneumonia resis-
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tant to carbapenem.[?*] This is critical to combating bacterial in-
fection in sepsis. Th17 causes autoimmunity and inflammation,
whereas Treg inhibits these phenomena and maintains immune
homeostasis. The two are functionally antagonistic to each other
but also inhibit each other in differentiation, even switching be-
tween each other.[?*] Th17/Treg ratio variations reflect the im-
mune status in sepsis, but the impact on sepsis pathogenesis and
prognosis is controversial.l**] Elevated Th17/Treg ratio in sep-
sis is positively correlated with both organ impairment and high
morbidity and mortality.[?°!

One of the most extensively used indices of patient prog-
nosis is the LOS in the ICU. A prolonged stay in the ICU can
deplete a hospital’s human and material resources. As a result,
predicting patient LOS can assist medical practitioners in mak-
ing medical decisions and evaluating the optimization of med-
ical resources. The LOS in the ICU is an important driver of
the total cost of ICU admission, with patients with sepsis ac-
counting for a significant portion.[?”] The average cost for pa-
tients with prolonged ICU stays is seven times that of patients
who do not have prolonged hospitalizations.[?®] Patients who
stay in the hospital for an extended period develop neuroen-
docrine and immunological dysfunctions, become increasingly
dependent on intensive care treatment, and may require organ
support.[?°! One of the main diagnostic indications of chronic
inflammation-immunosuppression-catabolic syndrome for sep-
sis was the length of patient’s stay in the ICU.!3%] Age was found
to be an independent risk factor for several diseases, and one
study found that the probability of mortality in ICU patients with
sepsis increased with age at the fastest rate.[*!] Age affects ICU
duration in patients with sepsis, and there is a positive associa-
tion between age and ICU duration. Besides age, clinical ratings
such as the APACHE II [*2] and SOFA [*3! have been widely used
in clinical practice to predict outcomes in critically ill patients;
early risk assessment of these patients and their prognosis; and
reliable monitoring of clinical therapy effects. Limited evidence
suggests that the Th17/Treg ratio is associated with the clini-
cal severity and prognosis of sepsis.[?>3435] The Th17/Treg ra-
tio in sepsis patients with acute respiratory distress syndrome
(ARDS), which is a serious lung condition that causes low blood
oxygen, can predict 28-day mortality.[*°! Currently, there ap-
pears to be a lack of accurate biomarkers for predicting ICU
LOS in patients with sepsis. The present study found positive
associations between the Th17/Treg ratio and ICU LOS, indicat-
ing that the greater the Th17/Treg ratio, the longer the LOS for
sepsis in the ICU. In patients with sepsis, the Th17/Treg ratio,
APACHE II score, and SOFA score were all independent predic-
tors of ICU stay. The Th17/Treg ratio, when paired with the
APACHE II score, improved the AUC for predicting ICU LOS.
Taken together, our findings strongly imply that the Th17/Treg
ratio can reflect the severity of the inflammatory response in
sepsis and may be a potential predictor of ICU LOS in patients
with sepsis.

Limitations

First, this was a single-center prospective clinical observa-
tional study with a small sample size. Our findings must be
confirmed by additional research and more patients. Second,
because we wanted to understand the early functional im-
mune cells’ influence on clinical outcomes, we only assessed the
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change in functional immunocompetent cells at a single time
point. Many factors influence the ICU LOS in patients with sep-
sis, but not all of them were studied. Furthermore, we did not
examine the five patients who died in the ICU. Therefore, fur-
ther research is needed to incorporate more factors influencing
ICU LOS among patients with sepsis.

Conclusions

The Th17/Treg ratio is proportional to the severity of sepsis
and can be used to predict ICU stay in patients with sepsis, giving
ICU practitioners a new strategy to better care for these patients.
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