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Objective

The performance of the platelet times neutrophil-
to-lymphocyte ratio, namely systemic immune in-
flammation (Sll) index, is an inflammatory index that
shows controversial results as a predicting indicator
of the poor outcomes of COVID-19. In this study, this
indicator was analyzed in 3280 patients admitted at a
COVID-19 reference hospital in Quito (Ecuador).

Methods

The Receiver Operating Characteristic (ROC) curve
analysis was conducted on Sll values upon admis-
sion to identify the most appropriate cut-off values
in discriminating COVID-19 severity and in-hospital
mortality.

Results

SIl was higher in both severe patients and in those
who finally died (cut-off points of 757.3 and 808.5
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respectively). However, the AUC-ROC analysis
(0.60-0.67) demonstrated a modest discrimi-
nating performance of Sll for COVID-19 sever-
ity (61.2% sensitivity and 61.5% specificity),
which sensibly improved for COVID-19 mor-
tality (AUC-ROC: 0.73-0.83, sensitivity: 80.6%
specificity; 63.6%).

Conclusion

Sl index may well be an indicator of inflamma-
tory conditions secondary to COVID-19 leading
to a higher mortality, rather than a predictor of
severe forms of the disease.
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Abbreviations

AUC-ROC, Area Under the Curve-Receiver
Operating Characteristic;

NLR, Neutrophil-to-Lymphocyte Ratio;
Sll, Platelet by Neutrophil-to-Lymphocyte Ratio.
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1. INTRODUCTION

During SARS-CoV-2 infection, the activation of
hyper-inflammation, cytokine storm, coagulop-
athies, and disseminated intravascular coagu-
lation are the most prevalent pathobiological
processes leading to severe acute respiratory
distress syndrome (ARDS) and multi-organ
failure. This is the rationale of including plate-
let counts in the development of new blood-
cell based composed inflammation indices for
the forecasting of COVID-19 patients. The sys-
temic immune inflammation index (Sll= (plate-
let counts x neutrophil counts)/lymphocyte
counts), a composed blood parameter originally
set to assist with the diagnosis, progress, and
risk stratification of inflammatory diseases [1],
can also predict COVID-19 severity and mor-
tality [2-9]. Despite the evidence, doubts exist
regarding the prognostic performance of Sli

[10,11], which may fall short as a biomarker of
poor clinical outcomes, especially in hospitalized
COVID-19 patients who present comorbidities
[12,13]. The use of patients at different stages
of the disease, or even the disparate sizes of the
samples used (from 119 to 1800 patients), would
account for the controversy. In this study, it was
investigated the association between SlI values
and COVID-19 severity and in-hospital mortality
using the records of a large sample of patients
from a COVID-19 reference hospital of Northern
Ecuador. During the epidemic, Ecuador had the
highest death toll in all South America.

2. METHODS

This observational retrospective study included
3280 consecutive patients over 18 years old,
who were admitted at the |IESS Hospital Quito
Sur in Quito (Ecuador) from March 13 to June
17, 2020 with COVID-19 (CDC 2019-Novel
Coronavirus Real-Time RT-PCR Diagnostic Panel
in upper and lower respiratory specimens) and
showing COVID-19-like symptoms. Blood sam-
plesforroutinelaboratory tests weredrawn
upon admission (after a 40-min interval of av-
erage) and subsequently run in a Sysmex XN-
550™ Hematology Analyzer (Sysmex America
Inc., Japan). In addition, an arterial blood gas
exam was also conducted on room air under a
controlled oxygen environment at the time of
admission using a RAPIDPoint® 500 blood gas
system (Siemens Healthcare GmbH; Germany).
Patient categorization was conducted in agree-
ment with the NIH guidelines (https://www.
covid19treatmentguidelines.nih.gov/overview/
clinical-spectrum/) for the severity of COVID-19
pneumonia. The “Severe group” included a to-
tal of 635 patients who had blood hypoxemia
(PaO, < 60 mmHg; SpO, < 94%). The rest (2645
cases) were classified as “Non-Severe” (PaO, >
60 mmHg and SpO, > 94%.). Discrepant cases
showing values of PaO, < 60 mmHg and SpO, >
94% were not included in the analysis.
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Non normally distributed variables were deter-
mined by the Shapiro Wilk test and expressed
as medians and interquartile ranges (IRs). The
Mood test was chosen to compare the medi-
ans of NLR and SlI (annotated as P*N/L) across
COVID-19 severity and in-hospital mortality/
survival groups. Odds ratios (ORs) were calcu-
lated using a simple logistic regression as well
as a multiple logistic regression analysis when
convenient to estimate the likelihood of sever-
ity and mortality on a multiple variable basis of
confounding factors such as age, sex and the
Sllindex. The Receiver Operating Characteristic
curve (AUC-ROC) analysis was conducted to
evaluate the discriminative performance of the
SIl and NLR indices as well as to identify the op-
timal cut-off points of both the maximum sensi-
tivity and specificity (Youden index). Concerning
the performance criterion, AUC values were
interpreted as follows: 0.5-0.6 (failed), 0.6-0.7
(worthless), 0.7-0.8 (poor), 0.8-0.9 (good), > 0.9
(excellent) [14]. Alpha value was set at 0.05.
Written informed consent was waived due to
the use of secondary data obtained from an-
onymized patients (Public Health Ministerial
order of December 31st, 2014). The STROBE
(Strengthening The Reporting of OBservational
Studies in Epidemiology) guidelines were fol-
lowed in reporting this study.

3. RESULTS

The sample included similar numbers of men
(1643) and women (1637). There were 635
Severe cases (19.4%) and 2645 non-Severe
cases (80.6%). The median age was as follows
(years (SD)): Non-Severe 42.1 (22.3), Severe
42.9 (21.7), Survivor 42.2 (22.2), non-Survivor
45.5 (22.3). Mortality rate (3.1%, two thirds of
whom were men) in the Severe group was high-
er than in the non-severe group (4.9% and 2.7%
respectively). The median of SIl and NLR were
significantly higher in both the Non-Survival
and the Severe groups (Table 1).

In the AUC-ROC analysis (Figure 1), the optimal
cut-off points for severity were 757.3 (Sll) and
2.28 (NLR), while for mortality were 808.5 (Sll)
and 3.81 (NLR). The AUCs of the Sl index were
modest (0.66 for severity and 0.77 for mortal-
ity) compared to the NLR ratio (AUC values of
0.57 and 0.84 for severity and mortality respec-
tively). The sensitivity and specificity of the SlI
index for severity were 61.2% and 61.5% re-
spectively. As to mortality, the sensitivity of Sl
increased up to 80.6%, while its specificity bare-
ly changed (63.6%). For the association analysis,
the patients were divided in two groups accord-
ing to the SII cut-off points so that 58.8% of the
patients (n=1929) were below the cut-off for
severity and 62.2% of the patients (n=2041) for
mortality. After considering potential confound-
ers such as age, gender and SlI, the logistic re-
gression analysis revealed that those patients
with levels of Sl above the cut-off were more
likely to either have severe COVID-19 (adjusted
OR [95%Cl]: 2.233(1.787-2.790)) or to die dur-
ing hospitalization (adjusted OR [95%Cl]: 5.690
(3.438-9.416)). The Sll index was independently
associated with mortality in patients hospital-
ized for COVID-19.

4. DISCUSSION

Despite the fact that COVID-19 mortality risk
is undoubtedly associated with a high Sll value
[2], our ROC analysis demonstrated a mod-
est discriminating power for Sll in predicting
COVID-19 severity upon admission compared
to other studies [4-6,8,9,13], where the sensi-
tivity and specificity as well as the AUC values
were higher than in this study. Different cate-
gorization criteria for COVID-19 severity (blood
hypoxemia versus ICU admission and invasive
mechanical ventilation) suggests that Sll cannot
discriminate well disease severity at early stag-
es of the disease as the NLR parameter does
[15]. However, the discriminating power for SlI
notably improved when considering mortality
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Figure 1

ROC curves of Sll (top) and NLR (bottom) for mortality (left)
and severity (right)
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Table 1

SIl (P*NIL) Median (IR)
Yes n=103
Mortality
1766.7 (884.3-3339.0)
Severe n=635
Severity
684.0 (421.7-1293.7)
NLR
Yes n=103
Mortality
9.0 (4.7-15.0)
Severe n=635
Severity
2.9 (1.8-5.5)

Median (IR) p-value*
No n=3177 <0.001

615.0 (379.7-1082.9)

Non-Severe n=2645

609.0 (376.8-1090.4) <0.001
No n=3177 <0.001
2.4 (1.5-4.3)

Non-Severe n=2645
2.4(1.5-4.3) <0.001

*Mood test (median test).

showing AUC values (0.73-0.83), which were
in line with others [5,6-8]. The Sl cut-off value
for mortality (835) was in line with previous re-
ports [2,3,12]. The sensitivity of Sl for mortality
(80.6%) was even higher to what was reported
in other studies [2,7]. This improvement of the
discriminating power of Sll for mortality may
partially be related to the ongoing increment of
platelets counts, which along with an excessive-
ly high values of NLR often shown by COVID-19
patients, might provoke coagulopathies in late
stages of the illness [16]. Although the analy-
sis of records from a single institution may be
considered a limitation, this study showed that
the Sll index at the time of admission was only

associated with COVID-19 in-hospital mortality.
Whereas a complex interaction between in-
flammation and hemostasis may be the reason
for the modest performance of Sll in the pre-
diction of severe COVID-19 [11], the index may
well be an indicator of inflammatory conditions
secondary to COVID-19 disease, which could ul-
timately precipitate death [5,12,13,16].
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