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ARTICLE INFO ABSTRACT
Keywords Introduction and aim: Interleukin-6 to lymphocyte (IL-6/Lym) ratio has been identified as a potential prognostic
Interleukin-6 tool in patients with SARS-CoV2 related pneumonia. The aim of our study was to compare the prognostic power
Lymphocytes of IL-6/Lym ratio with other biomarkers in patients initially admitted in a non intensive unit and suffering for
Cytokine storm . . . . .
COVID-19 respiratory failure associated with SARS-CoV2 related pneumonia.
SARS-CoV2 Materials and methods: IL-6/Lym ratio, IL-6, D-Dimer, D-Dimer/fibrinogen ratio, fibrinogen, C-reactive protein
Prognosis (CRP), lymphocytes count and neutrophil/lymphocyte (N/L) ratio collected at hospital admission were tested as
prognosticators of negative outcome, defined as combined endpoint in-hospital mortality and/or Intensive Care
Unit (ICU) admission requiring oro-tracheal intubation (OTI).
Results: Study population encompassed two hundreds and twenty-three patients (46% females) with mean age +
DS 69.4 + 13.3 years. Eighty-nine patients (39.9%) suffered for severe respiratory failure and required non
invasive ventilation, helmets and/or high flow nasal cannula. Fourty-one patients (18.3%) died during hospital
stay and/or required OTI. In these patients mean values of IL-6/Lym ratio, IL-6, CRP and N/L were significantly
higher and lymphocytes count was significantly lower compared with patients discharged alive and/or not
requiring OTI, while no difference was found in mean values of D-Dimer, D-Dimer/Fibrinogen ratio and
fibrinogen. AUC (0.797, 95% CI: 0.738-0.848) of IL-6/Lym ratio was the highest compared with those of all the
other analyzed biomarkers and the difference was significant with the exception of IL-6. At multivariate logistic
regression IL-6/Lym ratio > 66.5 resulted the only independent biomarker associated with mortality and/or OTI
(OR 5.65; 95% 1.63-19.54).
Conclusion: IL-6/Lym ratio seems to be an optimal prognosticator in SARS-CoV2 related pneumonia. Its routinary
use in COVID-19 patients could be warranted.
1. Introduction ferritin, D-dimer, aspartate aminotransferase, C-Reactive-Protein (CRP),
procalcitonin, creatinine, neutrophils and leucocytes were associated
Cytokine storm represents one of the main determinant of progres- with severe and fatal COVID-19 cases [2]. Recently, Yang B. et al re-
sion and deterioration in SARS-CoV2 related pneumonia [1]. Lympho- ported on the role of interleukin-6 to lymphocytes (IL-6/Lym) ratio as
penia, thrombocytopenia, and elevated levels of interleukin-6 (IL-6), prognosticator in severe COVID-19 patients [3]. In their paper the
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Table 1
Comparison of immune, inflammatory and coagulative biomarkers between
groups.

Died and/or ICU
admission with oro-
tracheal intubation 41

Biomarkers Alive and/or not p
requiring ICU with oro-

tracheal intubation 182

patients patients
IL-6/Lym ratio 811 + 2878 79 + 161 0.0007
IL-6 (pg/ml) 396 + 1085 54 + 91 0.0001
CRP (ng/mL) 10.4 + 5.7 7.1 +5.6 0.0008
D-Dimer (microg/ 2167 + 3590 2664 + 9517 0.7427
L)
D-Dimer/ 3.61 £5.70 5.2+ 224 0.6528
Fibrinogen
ratio
Fibrinogen (mg/ 663.3 +179.2 668.1 + 165.8 0.8632
dL)
Lymphocytes 0.73 + 0.35 0.95 + 0.44 0.0031
count 10"3/puL
Neu/Lym ratio 11.6 + 8.9 7.7 + 6.9 0.0023
Platelets/Lym 319.7 + 188.7 290.2 + 204.8 0.4053
ratio
Lym/CRP ratio 0.11 + 0.14 0.71 + 2.32 0.0999

Legend: Lym = lymphocytes count; CRP = C reactive protein; IL-6 = interleukin
6.

Authors found that IL-6/Lym ratio was associated with an increased risk
of in-hospital mortality and multiple organ dysfunction syndrome
(MODS) with a hazard ratio on multivariate analysis of 3.4 (95% CI:
1.0-10.6) and 4.1 (95% CIL:1.3-12.9) respectively [3]. Areas under
receiving operating curves (AUCs) for IL-6/Lym ratio as predictive fac-
tor for in-hospital mortality and MODS were 0.919 (95% CL:
0.887-0.951) and 0.900 (95% CI: 0.863-0.937) respectively. Moreover,
the Authors found a cut off of 2.50 in IL-6/Lym ratio as discriminant for
defining low (<2.50) and high (>2.50) risk patients. Interestingly, in the
paper of Yang B. et al the IL-6/Lym ratio seems to be the best prog-
nosticator of poor prognosis between demographic and co-morbidity
data, and a lot of blood routine, biochemical, coagulation and
immune-inflammatory indices [3]. To date, no external validation and/
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or other literature evidence about the predictive power of IL-6/Lym
ratio in COVID-19 patients has been reported, therefore the aim of this
study was to report our experience about the prognostic role of IL-6/Lym
ratio in patients initially admitted in a non intensive unit and suffering
for respiratory failure associated with SARS-CoV2 related pneumonia.

2. Materials and methods

We retrospectively analyzed clinical and laboratory data of consec-
utive patients admitted in a non intensive unit for respiratory failure
associated with SARS-CoV2 related pneumonia during the first and
second wave of pandemic in Italy (first wave March-April 2020, second
wave October-November 2020). We tested the predictive role of IL-6/
Lym ratio as risk factor for negative outcome compared with IL-6, D-
Dimer, D-Dimer/fibrinogen ratio, fibrinogen, CRP, lymphocytes count
and neutrophil/lymphocyte (Neu/Lym) ratio, platelets/Lym ratio and
Lym/CRP ratio collected at hospital admission. Negative outcome was
defined as combined endpoint of in-hospital mortality and/or Intensive
Care Unit (ICU) admission requiring oro-tracheal intubation (OTI).
Quantitative determination of IL-6 levels was performed by using an
immunoenzymatic chemiluminescent assay (Access Immunoassay Sys-
tem, Beckman Coulter, USA, lowest limit of detection 0.5 pg/mL).

For statistical analysis continuous variables were reported as mean
+ standard deviation (SD). Categorical variables were analyzed by using
the Fisher exact test. Multivariate logistic regression analysis was used to
estimate Odds Ratios of biomarkers resulted significantly different when
compared between patients died and/or required OTI and not; ORs and
their 95th percentile confidence intervals (CI) were reported. Ors were
calculated at biomarkers values associated with the best sensitivity and
specificity according to Youden index. To evaluate the predictive power
of biomarkers, the areas under the curve (AUC) of the Receiver Oper-
ating Characteristic (ROC) curve was calculated. Difference between
AUCs was reported. A p value of < 0.05 was considered statistically
significant. All analyses were performed using MEDCALC statistical
software (MedCalc Software Ltd, Acacialaan 22, B-8400 Ostend,
Belgium).

OO

0

1

Mortality and/or oro-tracheal intubation (0=no; 1=yes)

Fig. 1. Scattering graph showing the difference between IL and 6/Lym values in patients died and/or undergone to oro-tracheal intubation and discharged alive and/

or not undergone to orto-tracheal intubation.
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Table 2
Predictive power of biomarkers as prognosticator of death and/or ICU admission
with oro-tracheal intubation.
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Table 3
Difference between AUC* of IL-6/Lym ratio as prognosticator of mortality and/
or oro-tracheal intubation and AUCs of other biomarkers.

Variable AUC 95% Criterion Sensitivity*  Specificity**
CI associated
with best
sensitivity*
and
specificity**
at Youden
index
IL-6/Lym 0,797 0,738 > 66.5 78.05% 73.08%
ratio to
0,848
IL-6 (pg/mL) 0,772 0,711 > 42 80.4% 62.6%
to
0,826
Lym/CRP 0.700 0.635 <0.11 78.05% 62.09%
ratio to
0.759
Neu/Lym 0,671 0,605 >6.8 65.8% 62.09%
ratio to
0,732
CRP (ng/mL) 0,669 0,602 >7.6 68.2% 62.09%
to
0,730
Lymphocytes 0.642 0,575 <1.05 85.3% 37.9%
count to
(10"3/uL) 0,705
D-Dimer/ 0,607 0,540 >1.2 73.1% 49.4%
Fibrinogen to
ratio 0,672
D-Dimer 0,586 0,518 >726 73.1% 48.9%
(microg/L) to
0,652
Platelets/Lym  0.559  0.491 >328 40.0% 72.5%
ratio to
0.625
Fibrinogen 0.518  0.450 >496 92.6% 20.0%
(mg/dL) to
0.585

Legend: Lym = lymphocytes count; CRP = C reactive protein; IL-6 = interleukin

6.
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Fig. 2. Area under the receiving operating curves of biomarkers as prognosti-
cators of in-hospital mortality and/or oro-tracheal intubation.

Difference between 95% CI p

AUCGCs
IL-6 0.0235 —0.0109-0.0579 0.1800
Lym/CRP ratio 0.094 0.0106-0.179 0.0273
CRP 0.129 0.0312-0.226 0.0097
Lymphocytes count 0.155 0.0641-0.247 0.0008
D-Dimer 0.208 0.100-0.316 0.0002
D-Dimer/Fibrinogen 0.189 0.0711-0.306 0.0017

ratio

Fibrinogen 0.278 0.179-0.377 <0.0001
Neus/Lym ratio 0.127 0.0333-0.220 0.0078
Platelets/Lym ratio 0.236 0.131-0.340 <0.0001

*AUC IL-6/Lym ratio 0.797 (95% CI: 0.738-0.848).
Legend:Lym = lymphocytes count; CRP = C reactive protein; IL-6 = interleukin
6.

Table 4

Logistic regression multivariate analysis.
Variable Odds ratio 95% CI
IL-6/Lym ratio (>66.5) 5,6573 1,6378 to 19,5414
CRP (>7.6 ng/mL) 1,5974 0,6717 to 3,7990
IL-6 (>42 pg/mL) 1,4413 0,4316 to 4,8132
Neu/Lym ratio (>6.8) 1,0334 0,4076 to 2,6201
Lymphocytes count (<1.05 10"3/uL) 0,7571 0,2410 to 2,3781

Legend: Lym = lymphocytes count; CRP = C reactive protein; IL-6 = interleukin
6.

3. Results

Two hundreds and twenty-three patients (46% females) with mean
age + DS 69.4 + 13.3 years composed the study population. Eighty-nine
patients (39.9%) suffered for severe respiratory failure and required non
invasive ventilation, helmets and/or high flow nasal cannula (HFNC).
Fourty-one patients (18.3%) died during hospital stay and/or required
OTI (in-hospital mortality 15.2%, OTI 6.2%). In these patients mean
values of II-6/Lym ratio, IL-6, CRP and N/L were significantly higher and
lymphocytes count was significantly lower compared with patients
discharged alive and/or not requiring OTI, while no difference was
found in mean values of D-Dimer, D-Dimer/Fibrinogen ratio, fibrinogen,
platelets/Lym ratio and Lym/CRP ratio (Table 1, Fig. 1 for IL-6/Lym
ratio). Predictive power for poor prognosis of IL-6/Lym ratio was the
highest compared with those of all the other analyzed biomarkers with
an AUC of 0.797 (95% CI: 0.738-0.848) (Table 2, Fig. 2). AUC for IL-6/
Lym ratio as prognosticator of negative outcome was significantly
higher compared with those of all the other biomarkers with the
exception of IL-6 (Table 3). At multivariate logistic regression IL-6/Lym
ratio > 66.5 resulted the only independent biomarker associated with
mortality and/or OTI with an OR of 5.65 (95% 1.63-19.54) (Table 4).

4. Discussion

Assessing the prognosis of patients with respiratory failure associ-
ated with SARS-CoV2 related pneumonia is fundamental in clinical
practice. Cytokine storm represents the cornerstone of SARs-CoV2
related pneumonia and maybe it’s the major determinant of poor
prognosis and a potential target of pharmacological treatment [4]. IL-6
plays a pivotal role on inflammation with a pleiotropic effect on liver, B
cells, T cells, monocytes and platelets. In response to acute infection, IL-
6 stimulates acute phase reactants, immune response and hematopoiesis
[5]. Despite the exact pathophysiology mechanism remains unclear,
much literature evidence shows that high levels of IL-6 and low lym-
phocytes count are biomarkers of cytokine storm and immune response
in COVID-19 patients and their prognosis [6]. However the predictive
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power of these biomarkers is evaluated singularly. Combining two bio-
markers by using the ratio between them could increase their predictive
power. In COVID-19 patients lymphocytes count has been included in a
lot of ratios with other biomarkers for testing outcomes such as Neu/
Lym ratio [7], platelets/Lym ratio [8], Lym/CRP ratio [9], lymphocyte
to monocyte ratio [10], eosinophil to lymphocyte ratio [11]. As
abovementioned, recently IL-6/Lym ratio has been proposed as an
interesting prognosticator in patients with COVID-19. In the present
study, we confirm the findings of Yang B. et al [3] showing that IL-6/
Lym has high power to predict negative outcome in patients with res-
piratory failure associated with SARS-CoV2 infection. Of note, we found
that compared with other biomarkers, IL-6/Lym has the best predictive
power and that between the analyzed biomarkers it’s the only inde-
pendent risk factor for mortality and/or OTI increasing the risk of more
than five-fold.

We recognize that our study has limitations, main of these due to
retrospective design, relative small sample size and single center.
However our study could add information about the knowledge of
prognosis of COVID-19 patients and important relapse for clinical
practice.

In conclusion, in our study IL-6/Lym ratio seems to predict better
than IL-6 and lymphocytes count alone and other inflammatory and
coagulative biomarkers. Its routinary use as prognosticator in COVID-19
patients could be warranted.
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