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Abstract: Background: The clinical significance of combinations of inflammatory biomarkers in severe
COVID-19 infection is yet to be proved. Although several studies have evaluated the prognostic
value of biomarkers in patients with COVID-19, there are limited data regarding the value of the
combination scores that could take full advantage of the prognostic value of several biomarkers and
that could account for the heterogeneity of patients with severe COVID-19. We investigated the
prognostic value of combination scores of admission values of inflammatory biomarkers in adults with
severe COVID-19. Methods: Adults admitted to the Department of Respiratory Medicine of the UHL
with severe COVID-19 (April-September 2021, NCT05145751) were included. Demographics, medical
history, laboratory tests and outcome (high-flow nasal cannula (HFNC), admission to Intensive Care
Unit (ICU) or death) were recorded. The optimal cut-off points of on admission values of C-reactive
protein (CRP), CRP to lymphocyte ratio (CLR), lymphocyte to neutrophil ratio (LNR) and derived
variation of neutrophil to lymphocyte ratio (dv-NLR (neutrophil /white blood count-lymphocyte))
for the predetermined outcome were defined. Based on the cut-off of CRP, LNR, dv-NLR and CLR,
which were found to be predictors for HFNC, 3 scores were defined: CRP and LNR (C-CRP #1), CRP
and dv-NLR (C-CRP #2), CRP and CLR (C-CRP #3). Likewise, based on the cut-off of CRP and CLR,
which were found to be predictors for death, the score of CRP and CLR (C-CRP #3*) was defined.
The combination scores were then classified as: 2 points (both biomarkers elevated); 1 point (one
biomarker elevated) and 0 points (normal values). None of the biomarkers was predictive for the
ICU admission, so no further analysis was performed. Binomial logistic regression analysis was used
to establish the predictive role for each biomarker. Results: One hundred and fifteen patients (60%
males, mean age 57.7 years) were included. Thirty-seven (32.2%) patients required HFNC, nine (7.8%)
died and eight (7%) were admitted to ICU, respectively. As far as HFNC is concerned, the cut-off
point was 3.2 for CRP, 0.231 for LNR, 0.90 for dv-NLR and 0.004 for CLR. Two points of C-CRP #1
and 2 points of C-CRP #3 predicted HFNC with a probability as high as 0.625 (p = 0.005) and 0.561
(p < 0.001), respectively. Moreover, 1 point of C-CRP #2 and 2 points of C-CRP #2 predicted HFNC
with a probability of 0.333 and 0.562, respectively. For death, the optimal cut-off point for CRP was
1.11 and for CLR 3.2*1033. Two points of C-CRP #3* with an accuracy of 0.922 predicted mortality
(p = 0.0038) in severe COVID-19. Conclusions: The combination scores of CRP and inflammatory
biomarkers, based on admission values, are promising predictors for respiratory support using HFNC
and for mortality in patients suffering from severe COVID-19 infection.
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1. Introduction

Coronavirus disease 2019 (COVID-19) has led to increased morbidity and mortality
and was declared a public health emergency of international concern by the World Health
Organization (WHO) in January 2020 [1]. COVID-19 has been characterized as a highly
contagious disease that mostly affects the respiratory system and has been held responsible
for one of the longest pandemics in world history [2].

The majority of patients, up to 80%, may experience mild symptoms such as nasal con-
gestion, sore throat, headache, fatigue, muscle pain, fever or persistent cough [3]. However,
a subset of patients may experience a massive inflammatory response, known as a “cy-
tokine storm”, which has been recognized as a significant poor prognostic factor [4-7]. This
dysregulated, maladaptive and excessive cytokine release is quite complex and has been
linked with disease progression and increased morbidity and mortality. It is characterized
by loss of regulatory control of proinflammatory cytokine production, locally and systemi-
cally, and it leads to acute respiratory distress syndrome (ARDS) and/or multiple-organ
failure, with increased risk for escalation of respiratory support or intubation, mechanical
ventilation and intensive care unit (ICU) admission or death [3-7].

Given the rapid spread of the virus and the increased risk of life-threatening complica-
tions, an optimum and timely diagnosis and treatment of severe disease manifestations are
of utmost importance. To date, several simple, inexpensive and easy and fast to be obtained
inflammatory biomarkers have been used for predicting the severity and progression of
COVID-19 disease, such as neutrophil to lymphocyte ratio (NLR), derived neutrophil to
lymphocyte ratio (ANLR), monocyte to lymphocyte ratio (MLR) and platelet to lymphocyte
ratio (PLR). In addition, CRP has been associated with disease severity since the early stages
of the pandemic. Overall, obtaining the levels of the aforementioned biomarkers upon
admission could allow stratification of risk in COVID-19 patients and early identification
of high-risk patients with severe disease. However, the clinical relevance and utility of a
new blood score that combines different simple biomarkers, such as CRP and LNR, and
takes full advantage of their prognostic value has not yet been assessed in patients with
severe COVID-19 disease, and further research is needed to identify the best-fit predictive
biomarker [4-8]. Moreover, it has been suggested that the heterogeneity of patients with
COVID-19 accentuates the need for implementation of multiple biomarkers in order to
ideally evaluate the dynamic course of the disease and guide the stratification of patients
with severe COVID-19 infection.

The purpose of the present study was to investigate the prognostic value of admis-
sion values and combination scores of simple inflammatory biomarkers in predicting the
outcome, in terms of (i) escalation of respiratory support with the use of high-flow nasal
cannula (HFNC), (ii) admission to Intensive Care Unit (ICU) or (iii) death, in patients with
severe COVID-19 infection.

2. Materials and Methods
2.1. Study Design

This study is a retrospective analysis of prospectively collected electronic data. Data
were collected from the electronic system of our hospital during the period between April
2021 and September 2021, which coincided with the period of the Delta variant wave of
the COVID-19 pandemic. This is a sub-analysis of a study protocol that was approved
by the Ethical Committee of our institution (42937, 29 November 2021) and submitted on
Clinicaltrials.gov (registration number: NCT05145751) [8]. Since the collection of patient
data was anonymous, no informed consent was required. Our study was conducted based
on the guidelines set by the Declaration of Helsinki [9] and the Health Insurance Portability


Clinicaltrials.gov

J. Clin. Med. 2024, 13,967

30f10

and Accountability (HIPAA) [10]. Furthermore, our results are reported according to the
STROBE statement [11].

2.2. Study Population

We screened all consecutive patients who were admitted to the Department of Res-
piratory Medicine of Larissa University Hospital during our study period. We included
patients 18 years old or older, with severe COVID-19 infection. COVID-19 infection was
diagnosed based on a positive real-time polymerase chain reaction (PCR), which was per-
formed on a nasopharyngeal swab. A severe COVID-19 infection was defined as any of
the following: (1) respiratory rate of 30 or more breaths per minute, (2) oxygen saturation
(SpO») equal or less than 93% on ambient air or a ratio of arterial oxygen partial pressure
to fractional inspired oxygen (PaO;/FiO,) equal or less than 300 mmHg [12]. Patients
were treated according to the COVID-19 treatment guidelines of the National Institute of
Health (NIH) [12]. We excluded patients with autoimmune disorders and patients with
malignancy and recent chemotherapy.

2.3. Data Collection and Definitions

We collected the following data for all included patients: demographic data, past
medical history, medications, vital signs on admission (oxygen saturation, blood pressure,
heart rate, PaO, /FiO, ratio) and length and outcome of hospitalization (LOH). Outcomes
were defined as use of high-flow nasal cannula (HFNC), admission to Intensive Care Unit
(ICU) or death during hospitalization. Moreover, the following laboratory values were
recorded on admission; white blood cells count (WBC), neutrophil count (N), lymphocyte
count (L), platelet count (PLTs) and C-reactive protein (CRP).

Additionally, the following ratios based on-admission values were calculated: CRP to
lymphocyte ratio (CLR), lymphocyte to neutrophil ratio (LNR) and derived variation of
neutrophil to lymphocyte ratio (dv-NLR (neutrophil /white blood count-lymphocyte)).

Following this, based on multivariate analysis, the optimal cut-off points of on admis-
sion values of C-reactive protein (CRP), CRP to lymphocyte ratio (CLR), lymphocyte to
neutrophil ratio (LNR) and derived variation of neutrophil to lymphocyte ratio (dv-NLR
(neutrophil /white blood count-lymphocyte)) for each predetermined outcome (use of
HFNC, admission to ICU, death) were indicated. Based on which biomarker was found to
be a predictor for each outcome and on the cut-off points, the following combination scores
were defined:

e HFNC: Based on the cut-off of CRP, LNR, dv-NLR and CLR, which were found to
be predictors for HFNC, 3 scores were defined: CRP and LNR (C-CRP #1), CRP and
dv-NLR (C-CRP #2), CRP and CLR (C-CRP #3) (Table 1).

e  Death: Based on the cut-off of CRP and CLR, which were found to be predictors for
death, the score of CRP and CLR (C-CRP #3*) was defined (Table 2).

Table 1. Definitions of combined scores for HFNC.

C-CRP #1 CRP + LNR
C-CRP #2 CRP + dv-NLR
C-CRP #3 CRP + CLR

Table 2. Definitions of combined scores for death.

CLR CRP/Lymphocytes
C-CRP #3* CRP + CLR

Of note, none of the studied biomarkers was predictive for the ICU admission in our
study sample, so no further analysis was performed.
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The final combination scores were classified as normal or elevated as follows (Tables 3
and 4): 2 points (if both scores were elevated); 1 point (if one of two scores was elevated)
and 0 points (if no score was elevated).

Table 3. Final combination scores for HFNC.

CRP < AUC and LNR < AUC, or
CRP < AUC and dv-NLR < AUC, or
CRP < AUC and CLR < AUC

CRP < AUC and LNR > AUC, or
CRP > AUC and LNR < AUC, or
CRP > AUC and dv-NLR < AUC, or
CRP < AUC and dv-NLR > AUC, or
CRP < AUC and CLR > AUC, or
CRP > AUC and CLR < AUC

CRP > AUC and LNR > AUC, or
CRP > AUC and dv-NLR > AUC, or
CRP > AUC and CLR > AUC

0 point

1 point

2 points

Table 4. Final combination scores for death.

0 point CRP < AUC + CLR < AUC

e CRP<AUC +CLR > AUC, or
e CLR<AUC+CRP>AUC

2 points CRP > AUC + CLR > AUC

1 point

2.4. Statistical Analysis

We used means or median values with standard deviation (SD) or interquartile range
(IQR) to present continuous data with normal and non-normal distribution based on the
Shapiro-Wilk test, respectively. Nominal and ordinal data are presented as counts and
percentages. Univariate analysis was conducted for all study endpoints. Our results are
presented as Odds Ratio (OR) and 95% confidence interval (95%ClI). For dichotomous and
continuous data, logistic and linear regressions were conducted, respectively. Diagnostic
accuracy was estimated using receiver-operating characteristic (ROC) curves. Sensitivity
(sens) and Specificity (spe) as well as the Area Under the Curve (AUC) was calculated for all
curves. The optimal cut-off value was estimated as the value offering the highest possible
sens and spe. Binomial logistic regression analysis was used to establish the predictive
role for each biomarker. The level of statistical significance was set at p < 0.05. An author
trained in biostatistics carried out all statistical analyses using the statistical environment
R[13].

3. Results
3.1. Basic Characteristics of Our Study Sample

Overall, 115 consecutive patients (69 males, 60%), with a mean age of 57.7 £ 16.3 years
and suffering from severe COVID-19 were admitted to our hospital during the study
period. The mean length of hospital stay was eight days (standard deviation £4.5). Arterial
hypertension (47 patients, 40.9%) and hyperlipidaemia (36 patients, 31.1%) constituted the
most common registered comorbidities. The mean systolic arterial pressure and heart rate
on admission were 124.8 (IQR: 12.8) mmHg and 79 (IQR: 13) beats/min, respectively. Based
on the PaO, /FiO, values, almost half of the patients (1 = 58) presented with PaO, /FiO,
values (<300, IQR: 50.4). Of note, none of our patients was vaccinated against COVID-19.
Ultimately, 37 (32.2%) patients required escalation of respiratory support to HFNC, eight
patients (7%) were admitted to the ICU, and nine patients (7.8%) died.
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3.2. Combined Scores and HFNC

The optimal cut off point was 3.2 for CRP (AUC: 0.740; sens: 0.702; spec 0.705), 0.231
for LNR (AUC: 0.367; sens: 0.46; spec 0.46), 0.90 for dv-NLR (AUC: 0.678; sens: 0.594; spec
0.60) and 0.004 for CLR (AUC: 0.742; sens: 0.65; spec 0.731) (Table 5). As far as the C-CRP
#1 score is concerned, two points of C-CRP #1 with an AUC of 0.640 (sens: 0.923; spec
0.270) (Figure 1)) predicted the use of HFNC with a probability as high as 0.625 (p = 0.005).
However, 1 point of C-CRP #1 did not exhibit any prognostic value at all for escalation of
respiratory support with HFNC. As for C-CRP #3, 2 points of C-CRP #3 with an AUC of
0.715 (sens: 0.622, spec 0.769) (Figure 2) predicted the use of HFNC with a probability as
high as 0.561 (p < 0.001). One point of C-CRP #3 did not exhibit any prognostic value for
HENC use. On the other hand, both 1 and 2 points of C-CRP #2 predicted the need for
HFNC. One point of C-CRP #2 with an AUC of 0.717 (sens: 0.821; spec 0.486; p = 0.027) and
2 points of C-CRP #2 (p < 0.001) predicted the need for HFNC with a probability of 0.333
and 0.562, respectively (Figure 3).

Table 5. Optimal cutoff points of biomarkers for HFNC.

Value Cutoff Point AUC Sens/Spec
CRP 3.2 0.740 0.702/0.705
LNR 0.231 0.367 0.46/0.46
dv-NLR 0.90 0.678 0.594/0.60
CLR 0.004 0.751 0.622/0.769
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Figure 1. Two points of C-CRP #1 predicted the use of HFNC in patients suffering from severe
COVID-19 infection.
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Figure 2. Two points of C-CRP #3 predicted the use of HFNC in patients suffering from severe
COVID-19 infection.
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Figure 3. One and two points of C-CRP #2 predicted the use of HFNC in patients suffering from
severe COVID-19 infection.

3.3. Combined Scores and Death

The optimal cut-off points for each biomarker were as follows: CRP (AUC: 0.673, sens:
0.67, spec 0.75, cut-off 1.11) and CLR (AUC: 0.720, sens: 0.66, spec 0.77, cut-off 3.2*1033)
(Table 6). Interestingly, although one point of C-CRP #3* was not predictive for death, two
points of C-CRP #3* (OR, 4.92; 95%CI, 1.09-22.24) with an AUC: 0.681, (sens: 0.00, spec
1.00) and an accuracy of 0.922 predicted death (p = 0.0038) in COVID-19 patients (Tables 6
and 7 & Figure 4).

Table 6. Optimal cutoff points of biomarkers for death.

Value Cutoff Point AUC Sens/Spec
CRP 1.11 0.673 0.673/0.75
CLR 3.2%1033 0.720 0.66/0.77

Table 7. Prediction of C-CRP #3* for death.

Predictive Measures

Accuracy Specificity Sensitivity AUC
0.922 1.00 0.00 0.681

ROC Curve

1.00

P{DEATH = 1)
@

Sensitivity

e

Model Coefficients - DEATH

1 - Specificity

95% Confidence Interval

Predictor Estimate SE z p Odds ratio Lower Upper
Intercept -38.121 0.590 -5.291 <0.001 0.0441 0.0139 0.140
Score_5:
1-0 0.413 1.189 0.347 0.729 1.5111 0.1469 15.548
2-0 1.595 0.769 2.074 0.038 4.9275 1.0915 22.244

Note. Estimates represent the log odds of "DEATH = 1" vs. "DEATH = 0"

Figure 4. Two points of C-CRP #3* predicted death in patients suffering from severe COVID-19 infection.



J. Clin. Med. 2024, 13,967

7 0f 10

4. Discussion

Based on the results of our study it seems that the combination scores of simple inflam-
matory biomarkers based on admission values of patients with COVID-19 infection could
serve as valuable assets in predicting the need for escalation of respiratory support with the
use of HFNC and mortality in severe infection, respectively. Most previous studies have
independently investigated the role of several biomarkers and have assessed their clinical
significance in patients suffering from severe COVID-19 infection [2,14]. To the best of our
knowledge, this is the first study to investigate and determine the prognostic value, in terms
of escalation of respiratory support and mortality, of admission values and combination
scores of simple inflammatory biomarkers in patients with severe COVID-19 infection.

Although the vast majority of patients suffering from COVID-19 infection have a good
prognosis, some patients may suffer from severe disease with the need for hospitalization,
escalation of respiratory support and/or ICU admission. A percentage of the aforemen-
tioned patients may even experience multiple organ dysfunction syndrome (MODS) and
death [15]. However, most of patients who will eventually experience MODS or death will
initially present with mild manifestations, such as mild fever, cough or muscle soreness, in
the early stages of the disease [15]. Their condition will deteriorate acutely either in the
later stages of the disease or during recovery [15]. ARDS, MODS and even death can occur
rapidly as a consequence/manifestation of the excessive and prolonged cytokine storm,
which holds a fundamental role in disease aggravation [15]. Hence, experts suggest that
timely and early control of the cytokine storm may be the key in delaying physiological
deterioration, improving treatment success rate and reducing the mortality rate of patients
with severe COVID-19 [15].

Based on the idea described by Hirahara et al. [16] and by Zhu et al. [17] regarding the
prognosis of patients with advanced cancer and exacerbation of asthma, respectively, we
investigated the utility of combination biomarkers, based on admission values, in predicting
the prognosis of patients suffering from severe COVID-19 disease. Although the current
literature [3,18-22] suggests an association between several, mostly hemogram-derived
ratios and COVID-19 disease prognosis, experts [21,22] suggest that further research is
needed to identify the best-fit predictive biomarker and that the heterogeneity of patients
with COVID-19 highlights the need for implementation of multiple biomarkers in order to
ideally evaluate the dynamic course of the disease. Over the progression of the pandemic,
several studies [5,23-25] have pointed out the utility of CRP in differentiating COVID-19
patients with or without pneumonia and/or with a higher incidence of complications and
worse overall prognosis [5,8,23-25]. Moreover, Cakirca et al. [5], in a large study with 306
patients, showed that the CLR index should be considered the best predictor of pneumonia
in COVID-19 patients. Thus, we used combination scores of admission values to find the
best fitting combination biomarker in order to predict the need for escalation of respiratory
support with HFNC and death in patients with severe COVID-19 infection. We followed
the scoring system of zero, one and two points as proposed by Hirahara et al. [16] and by
Zhu et al. [17].

Interestingly, two points of the combination score of CRP and CLR was found to be
a predictor for two of the outcomes of our study, escalation of respiratory support with
the use of HFNC and death. As far as death is concerned, the accuracy of the predictive
value of the combination score of CRP and CLR was quite high (0.922) with a specificity of
1 and sensitivity of zero. This could have significant utility in everyday clinical practice
as it indicates that every patient with a combination score of CRP and CLR of two points
(cut-off values: CRP > 1.1 and CLR > 3.2*1033) is at high risk of death. On the other hand,
scoring two points using the combination score of CRP and CLR with the following cut-off
values (CRP > 3.2 and CLR > 0.004), higher CRP but lower CLR, when compared to death,
could help in identifying patients that would eventually need HFNC therapy.

Nevertheless, regarding escalation of respiratory support with HFNC both one and
two points of C-CRP #2 (combination score of CRP and dv-NLR) predicted the use of
HENC in patients suffering from severe COVID-19 infection. With an accuracy of 0.713
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and a probability of 0.33 and 0.562 for 1 and 2 points respectively, score C-CRP #2 could
potentially serve as a useful prognostic factor for the selection of patients in need of closer
monitoring and advanced treatment in terms of respiratory support.

The need for optimal and early risk stratification of COVID-19 patients seems to be
of utmost prominence. The described biomarkers of the present study only require some
milliliters of whole blood and they are cheap, easy and simple to calculate. They could
serve as valuable assets in early triage of high-risk patients, help in choosing the optimal
treatment regimen and preventing severe COVID-19 infection complications. However, the
present study has some limitations. It is a retrospective study with a relatively small number
of patients from a single center during a certain period of the pandemic. Nevertheless,
all the data were prospectively collected, hence we did not have any missing patients or
missing values. Second, we did not use any of the described advanced biomarkers, such as
interleukins, in an attempt to only investigate widely available and routinely performed
biomarkers that are simple to calculate, inexpensive and fast to obtain. Last, although
all blood samples were obtained upon admission, there is no guarantee that all patients
arrived on the same day from symptom onset. Larger, multicenter studies seem to be
worthwhile in order to optimally stratify severe COVID-19 infection upon admission and
pinpoint the patients that require aggressive treatment and close monitoring.

5. Conclusions

The combination scores of CRP and inflammatory biomarkers, based on admission
values, are promising predictors of respiratory support escalation using HFNC and of
mortality, in patients suffering from severe COVID-19 infection. In our study two points of
C-CRP #1 and two points of C-CRP #3 predicted HFNC with a high probability. Moreover,
both one and two points of C-CRP #2 predicted the escalation of respiratory support with
HENC. As far as death is concerned, two points of C-CRP #3* predicted death with a very
high accuracy in severe COVID-19 infection. However, a comprehensive evaluation in
large, multicenter studies seems mandatory in order to establish the clinical utility of these
biomarkers and to draw generalizable conclusions.
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