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Abstract: Background and objectives: The prognoses of patients experiencing a prolonged stay in the
intensive care unit (ICU) are often significantly altered by hospital-acquired infections (HAIs), the
early detection of which might be cumbersome. The aim of this study was to investigate the roles
of the neutrophil-to-lymphocyte (NLR), derived-NRL (d-NLR), platelet-to-lymphocyte (PLR), and
lymphocyte-to-C-reactive protein (LCR) ratios in predicting the progression to septic shock and
death. Materials and Methods: A retrospective analysis of a consecutive series of ninety COVID-19
patients with prolonged hospitalization (exceeding 15 days) admitted to the ICU was conducted. The
prevalence of culture-proven HAIs throughout their hospital stays was documented. NLR, dNLR,
PLR, and LCR were recorded on admission, day 7, and day 14 to assess their discriminative prowess
for detecting further progression to septic shock or death. Results: The prevalence of HAIs was
76.6%, 50% of patients met the criteria for septic shock, and 50% died. The median time to the first
positive culture was 13.5 days and 20.5 days for developing septic shock. Mechanical ventilation was
a key contributing factor to HAI, septic shock, and mortality. On admission and day 7 NLR, dNLR,
PLR, and LCR values had no prognostic relevance for events occurring late during hospitalization.
However, day-14 NLR, dNLR, and PLR were independent predictors for progression to septic shock
and mortality and have shown good discriminative capabilities. The AUCs for septic shock were
0.762, 0.764, and 0.716, while the values for predicting in-hospital death were 0.782, 0.778, and 0.758,
respectively. Conclusions: NLR, dNLR, and PLR are quick, easy-to-use, cheap, effective biomarkers
for the detection of a more severe disease course, of the late development of HAIs, and of the risk of
death in critically ill patients requiring a prolonged ICU stay.

Keywords: sepsis; septic shock; intensive care; neutrophil-to-lymphocyte ratio; platelet-to-lymphocyte
ratio; hospital-acquired infections

1. Introduction

Nearly three years have passed since the emergence of the COVID-19 pandemic,
in December 2019, with a related death toll exceeding 6.5 million, as reported by the
World Health Organization (https://covid19.who.int, accessed on 26 September 2022), and
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numerous other significant consequences expanding well beyond the realm of healthcare
and medicine. However, there appears to be room for optimism, as the rate of severe disease
forms and COVID-19-associated mortality is on a steady decline, generated by vaccination,
widespread exposure to the infection, alterations in viral variants, and improved medical
care in severe and critical forms [1-3]. Given the novelty of the SARS-CoV-2 infection
and the global impact of the pandemic, there has been a widespread tendency to intensify
patient enrollment in research scenarios, aiming to extract any valuable data which could
help the collective efforts. While most of these published data have helped to guide and
improve patient care in the acute COVID-19 infection waves, there appear to be meaningful
messages that might be extrapolated in multiple other clinical situations.

One key prognostic determinant in patients with COVID-19 has been acquiring a
secondary co-infection during their hospital stay, impacting the entire disease severity spec-
trum [4-6]. Yet, the most vulnerable population to co-infections has consisted of patients
with severe COVID-19 requiring admission to an intensive care unit (ICU) [5,7]. Cumulative
factors determine the vulnerability of critically ill patients to secondary bacterial and fungal
infections. These include organ failures, immune and metabolic dysfunction, the need
for invasive procedures (mechanical ventilation), and, not least, a higher propensity for
multi-drug resistant infections in the ICUs [7-9]. The vast majority of secondary infections
in the ICU are hospital-acquired infections (HAIs). Often mislabeled as a poor performance
metric, discussing and reporting on the incidence, outcomes, and antimicrobial manage-
ment of HAISs is disproportionately less frequent compared to other variables, the topic
often being treated as the elephant in the room [10]. There is an epistemological argument
that a higher prevalence of HAIs might be linked to the complexity of the cases treated,
hospital type, and patient flow. Consequently, this generates a U-shaped prevalence curve
with the two peaks represented on the one hand by the low-performance centers and on
the other hand by the high-volume, high-performance tertiary care facilities.

Given the prognostic impact of secondary infections in the critically ill, the critical
step in patient management appears to be identifying the first hints of infection using
cheap, quick, and easy-to-use tools. Among the biomarkers investigated for this pur-
pose have been cell-count ratios: neutrophil-to-lymphocyte (NLR), derived-NLR (d-NLR),
platelet-to-lymphocyte (PLR), or lymphocyte-to-C-reactive protein (LCR). Two large-scale
meta-analyses suggest significant associations between NLR, among other ratios, and
various outcomes, including disease severity, length of hospital stay, and mortality [11,12].
However, most of the studies included in these meta-analyses include admission or peak
ratios. Therefore, these data highlight the prognostic value of these biomarkers grossly,
without allowing extrapolation to specific subgroup analyses. A more thorough review
of the available literature reveals that using the peak values rather than the on-admission
ratio might reveal more actionable information [13], yet little is known about the sensitivity
of these biomarkers for the detection of complications such as HAIS.

The current study aimed to evaluate the role of four easy-to-use biomarkers, namely
NLR, dNLR, PLR, and LCR, repeated weekly, in predicting the further progression to-
wards late septic shock and mortality in critically ill patients with COVID-19 and expe-
riencing prolonged hospitalization requiring admission to an ICU. As secondary objec-
tives, our study aimed to describe the burden of HAISs in a tertiary-care ICU dedicated to
managing COVID-19.

2. Materials and Methods
2.1. Research Structure and Study Population

This was a retrospective, observational, and longitudinal study. Data were collected
in a single center, the ICU of a tertiary-care hospital temporarily transformed into a high-
volume dedicated COVID-19 facility. The patients were enrolled during a four-month
timeframe, spanning from December 2020 to March 2021. Data on the same cohort of
patients were previously reported in a study published by our team regarding the role
of nutritional risk assessment tools in predicting in-hospital mortality [14]. All patients
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underwent a positive real-time reverse-transcriptase polymerase chain reaction (rRT-PCR)
test for SARS-CoV2 within the first 24 h of their hospital stay and required ICU admission
for COVID-19-associated complications. The inclusion criteria included the requirement
of a prolonged hospitalization (exceeding 15 days). Patients with incidental findings of
SARS-CoV-2 infection but admitted to the ICU for other complications (unrelated to the
infection), a group that comprised patients with trauma, patients that required emergency
surgery, or patients with other medical conditions with no or only mild lung involvement,
were not included in the study.

2.2. Baseline Evaluation, Laboratory Workup, and Therapeutic Management

Patient history and demographic data were recorded on arrival. We standardized
the comorbidity burden using the Charlson Comorbidity Index [15]. A comprehensive
laboratory setup was performed and recorded within the first day of hospitalization,
including complete blood counts, markers of inflammation (C-reactive protein—CRP,
procalcitonin), coagulation, kidney, liver function, electrolytes, and metabolic balance.
Interleukin-6 (IL-6) was recorded at the time of ICU admission. Per hospital protocol,
patients were re-evaluated on demand at the clinician’s discretion and systematically
on days 7 and 14. The Total Severity Score (TSS), computed on a standard thoracic CT
scan according to the initial description by Li K, et al. [16], was used to assess COVID-19
lung involvement.

If an infection was suspected on clinical, laboratory, or imaging grounds, cultures were
drawn from the suspected site. Septic shock was defined according to the Sepsis-3 criteria as
a subset of sepsis in which underlying circulatory and cellular/metabolic abnormalities are
profound enough to substantially increase mortality, characterized by persisting hypoten-
sion requiring vasopressors to maintain mean arterial pressure of 65 mm Hg and having a
serum lactate level > 2 mmol/L (18 mg/dL) despite adequate volume resuscitation [17].

Four prognostic biomarkers were analyzed on admission and during the hospital stay,
on days 7 and 14, namely:

The neutrophil-to-lymphocyte ratio (NLR): neutrophil count/lymphocyte count

The derived neutrophil-to-lymphocyte ratio (ANLR): neutrophil count/(white blood
cell count—lymphocyte count)

The platelet-to-lymphocyte ratio (PLR): platelet count/lymphocyte count

The lymphocyte-to-C-reactive protein ratio (LCR): lymphocyte/C-reactive protein
(mg/dL)

e  The day of the recording, namely days 0, 7, and 14 were separately considered an index
time (TO) for further predictions, considering only outcomes occurring strictly after
the specific recording. Therefore, events occurring prior to the measurement led to the
exclusion of the patient from subsequent predictive analysis (i.e., patients with septic
shock occurring prior to day 14 were not included in analyzing the discriminative
prowess of day 14 NLR).

2.3. Statistical Analysis

The statistical analysis was designed and performed by a certified biomedical statisti-
cian. The analysis was performed using the Statistical Product and Service Solution (SPSS)
software, version 28.0 (SPSS Inc., Chicago, IL, USA). The Shapiro-Wilks test was used to
assess distribution normality. The variables with a normal distribution were expressed
as mean =+ standard deviation (SD) and compared using the Student’s t-test. Variables
with non-normal distribution were expressed as the median and interquartile range (IQR).
The medians were compared with the Mann-Whitney U test. Categorical variables were
analyzed using the chi-square test. The threshold for statistical significance was set at
0.05. The association between the variables of interest and two major outcomes, the devel-
opment of septic shock and in-hospital mortality was tested using the Cox proportional
hazards regression model. The results were expressed using the hazard ratio (HR) and 95%
confidence interval (CI). Multiple multivariate scenarios were designed to avoid model
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overfitting and multicollinearity. Therefore, none of the hematological biomarkers (NLR,
dNLR, PLR, LCR) were included within the same multivariate analysis scenario, given
the close resemblance of their computational formulas (all include lymphocyte count, two
include neutrophil count). The discriminative potential of NLR, dNLR, PLR, and LCR was
assessed using the area under the receiver operating characteristic (AUROC) analysis.

2.4. Study Ethics

The current study design was discussed and approved by the host hospital Ethics
Committee (46/2020, 19 November 2020). The modified 1975 Declaration of Helsinki
provided the guiding ethical framework for protocol design. Informed written consent
was obtained prior to inclusion from all the patients enrolled. Personal data was managed
according to the European Union General Data Protection Regulation (GDPR).

3. Results

Our study included a consecutive series of ninety patients in the retrospective analysis,
of which 50% (1 = 45) met the septic shock criteria throughout the hospitalization. Patients
who developed septic shock were significantly older and had a higher peak TSS score.
However, there were no significant discrepancies between the two groups regarding the
comorbidity burden (nor if assessed using the Charlson Comorbidity Index or specific
underlying conditions) or conventional risk assessment tools at the time of ICU admission

(SOFA or APACHE 1I scores) (Table 1).

Table 1. Baseline characteristics and group comparison.

Entire Group

No Septic Shock

Septic Shock

Variable (1 = 90) (1 = 45) (1 = 45) p-Value
General data
Age (years) 65.58 + 11.21 62.53 £ 11.99 68.62 £ 9.56 0.009
Gender, male (1, %) 53 (58.88%) 25 (55.55) 28 (62.22) 0.520
Charlson Comorbidity Index 4 (4-5.4) 4 (2-6) 4 (3-7) 0.286
Obesity (1, %) 41 (45.55) 19 (42.22) 22 (48.88) 0.525
Diabetes mellitus (1, %) 39 (43.33) 17 (37.77) 22 (48.77) 0.288
Chronic pulmonary disease (1, %) 20 (22.22) 8 (17.77) 12 (26.66) 0.310
SOFA score at ICU admission 5(4.8-6.1) 4 (3-6) 5(4-9) 0.195
APACHE II score at ICU admission 15 (14.1-17.3) 14 (9.5-19) 16 (12.5-24) 0.205
Total severity score at admission 14 (11-17) 13 (10.5-16) 15 (11.5-18) 0.202
Peak total severity score 17 (13-19) 15 (12-18.5) 18 (15-19) 0.033
Infection sites during hospital stay
Culture-proven infection (1, %) 69 (76.66) 24 (53.33) 45 (100) <0.001
Positive tracheal culture/sputum (1, %) 47 (52.22) 12 (26.66) 35 (77.77) <0.001
Positive urine culture (1, %) 33 (36.66) 14 (31.11) 19 (42.22) 0.274
Positive stool culture (1, %) 9 (10) 5(11.11) 4 (8.88) 0.725
Clostridoides Difficile (1, %) 6 (6.66) 2 (4.44) 4 (8.88) 0.398
Positive wound culture—pressure ulcers (1, %) 4(444) 0(0) 4 (8.88) 0.041
Positive blood cultures (1, %) 18 (20) 4 (8.88) 14 (31.11) 0.008
Outcomes
Total hospital stay (days) 24 (23.8-31.2) 23 (16-33) 25 (16.5-33.5) 1.000
Length of ICU stay (days) 11.1 (11-17.1) 8 (3-11.5) 15 (8-21) 0.001
Mechanical ventilation (1, %) 45 (50%) 6 (13.33) 39 (86.66) <0.001
Continuous veno-venous
hemodiafiltration (1, %) 16 (17.77) 2 (4.44) 14 (31.11) <0.001
Pulmonary thromboembolism (71, %) 8 (8.88) 0(0) 8 (17.77) 0.003
In-hospital mortality (1, %) 42 (46.66) 5(11.11) 37 (82.22) <0.001
Laboratory work-up on admission
Hemoglobin (g/dL) 13.8 (13-13.9) 13.9 (12.25-15.05) 13.7 (11.95-15) 1.000
White blood cell count (x10° /L) 7.1 (6.8-9.6) 6.9 (5.37-9.72) 7.33 (5.59-11.97) 0.673
Neutrophil count (x10” /L) 5.8 (5.5-8.2) 5.92 (3.91-8.3) 5.77 (4.35-10.09) 0.673
Lymphocyte count (x10° /L) 0.8 (0.8-1.1) 0.79 (0.54-1.29) 0.82 (0.54-1.12) 1.000
Platelet count (x10° /L) 193 (192-238.2) 193 (150-280.5) 194 (137.5-239) 0.833




Medicina 2023, 59, 32 50f 13
Table 1. Cont.
. Entire Grou No Septic Shock Septic Shock
Variable (1 = 90) P (np= 45) lzn - 45) p-Value
C-reactive protein (mg/dL)
On admission 14 (12-16.9) 13 (7.36-19.15) 14.7 (5.2-22.25) 0.915
Day 7 3.88 (1.49-8.45) 2.5(1.3-5.6) 4.3 (3-13.6) 0.033
Day 14 3.9 (1.45-8.32) 2.19 (0.81-5.86) 5.8 (2.4-14.63) 0.008
Procalcitonin (ng/mL) 0.1 (0.0-0.45) 0.1 (0.1-0.33) 0.1 (0.1-0.55) 0.522
Interleukin-6 (pg/mL) 23.1 (20-205.2) 12.52 (6.47-46.21) 58 (24-146.37) 0.004
Creatinine (mg/dL) 1.06 (0.8-1.51) 1.03 (0.8-1.32) 1.14 (0.98-1.51) 0.102
NT-proBNP (pg/mL) 506 (302.2—4 560.1) 421 (157.5-987.65) 747.5 (262-1774.25) 0.052
Hematologic biomarkers
NLR
On admission 7.65 (4.75-12.01) 7.65 (3.94-11.71) 7.82 (4.90-12.43) 1.000
Day 7 16.02 (10.49-24.93) 13.14 (6.45-20.94) 16.80 (11.08-27.60) 0.399
Day 14 20.39 (10.16-25.78) 11.84 (5.81-20.43) 26.44 (13.37-54.19) <0.001
dNLR
On admission 4.99 (3.05-7.38) 5.07 (2.91-7.45) 4.93 (3.22-7.48) 1.000
Day 7 8.05 (6.02-12.39) 7.54 (4.22-10.43) 9.65 (6.62-12.73) 0.092
Day 14 9.45 (4.66-16.18) 6.94 (3.31-9.72) 14.67 (7.41-19.63) <0.001
PLR
On admission 236.58 (149.14-353.06)  272.98 (154.47-375.55)  229.52 (153.46-323.40) 0.399
Day 7 457.14 (302.05-645.82)  432.83 (252.43-622.47) 440 (294.72-684.64) 1.000
Day 14 383.87 (246.87-539.48)  279.10 (170.14-397.91)  452.38 (277.03-681.57) 0.003
LCR
On admission 0.06 (0.03-0.14) 0.06 (0.03-0.11) 0.06 (0.03-0.17) 0.751
Day 7 0.12 (0.06-0.44) 0.23 (0.07-0.51) 0.09 (0.04-0.30) 0.088
Day 14 0.13 (0.05-0.49) 0.33 (0.13-1.13) 0.06 (0.04-0.30) <0.001

NLR—neutrophil-to-lymphocyte ratio; dNLR—derived neutrophil-to-lymphocyte ratio; PLR—platelet-to-
lymphocyte ratio; LCR—lymphocyte-to-C-reactive protein ratio.

The overall prevalence of culture-documented infections was 76.66% (1 = 69). The
most prevalent infection site was the respiratory system, with positive tracheal culture
or sputum in 52.22% of the patients (n = 47), with a significantly higher proportion in
patients who further developed septic shock. Bacterial or fungal respiratory infections
were significantly associated with mechanical ventilation (p < 0.001). The most prevalent
etiological agent for respiratory infection was Acinetobacter baumannii and Candida albicans,
each accounting for 34.04% of infections (n = 16), followed by Klebsiella pneumoniae—29.78%
(n = 14). The median time to the first positive culture was 13.5 days (IQR 6-19). Positive
blood cultures were encountered in 20% of the patients (n = 18), with a significantly higher
prevalence in patients who met the criteria for septic shock (31.11%, n = 14). The most
common bacteria isolated in blood cultures was Acinetobacter baumanii, which was isolated
in 40% of the cases (1 = 8). The median time for meeting the criteria for septic shock was
20.5 days (IQR 16-29). Three patients developed septic shock prior to day 14 and were thus
excluded from the predictive analysis regarding the biomarkers at day 14.

Regarding outcomes, patients with septic shock had a significantly higher ICU stay,
had a higher rate of mechanical ventilation and need for continuous veno-venous hemodi-
afiltration, had a higher incidence of pulmonary thromboembolism, and, ultimately, had a
significantly higher in-hospital mortality (Table 1).

There were no significant differences between the two groups regarding the inflamma-
tory profile on admission, as expressed either by the C-reactive protein, procalcitonin, or by
the hematological biomarkers (NLR, dNLR, PLR, and LCR). While the overall inflammatory
burden increased steadily through day 7 in both groups, with no significant differences.
The trends significantly diverged at day 14, with a marked increase in inflammation in
patients progressing to septic shock, compared to a relative remission in patients with a
favorable outcome (Figure 1).
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Figure 1. Time-dependent variation in the values of the hematological biomarkers on admission, at
day 7, and at day 14.

We performed a univariate Cox-proportional hazards analysis to assess the risk for
septic shock and in-hospital mortality, including the variables with significant differ-
ences between groups (Table 2). Day-14 inflammatory profiles, including CRP, NLR,
dNLR, and PLR, were significant risk predictors for both progression towards septic shock
and mortality.

Table 2. Univariate analysis using Cox-proportional hazards model for the risk of septic shock and
in-hospital mortality.

Septic Shock In-Hospital Mortality
Variables Hazard Ratio 95% Confidence p-Value Hazard Ratio 95% Confidence p-Value
Interval Interval

Age (years) 1.037 1.005-1.07 0.019 1.058 1.024-1.093 <0.001

Peak total severity score 0.969 0.888-1.058 0.496 0.995 0.908-1.090 0.913
Positive tracheal /sputum culture 2.162 1.052-4.441 0.036 1.935 0.962-3.892 0.064
Positive blood culture 0.845 0.413-1.726 0.643 0.989 0.484-2.023 0.976
Interleukin-6 (pg/mL) 1.000 0.999-1.001 0.708 1.000 0.999-1.001 0911
C-reactive protein—day 14 (mg/dL) 1.006 1.002-1.010 0.005 1.007 1.002-1.011 0.002
NLR—day 14 1.029 1.015-1.042 <0.001 1.028 1.014-1.041 <0.001
dNLR—day 14 1.092 1.053-1.133 <0.001 1.087 1.049-1.128 <0.001
PLR—day 14 1.002 1.001-1.003 <0.001 1.002 1.001-1.003 <0.001
LCR—day 14 0.107 0.003-3.301 0.201 0.000 0.000-1.290 0.055

NLR—neutrophil-to-lymphocyte ratio; dNLR—derived neutrophil-to-lymphocyte ratio; PLR—platelet-to-
lymphocyte ratio; LCR—lymphocyte-to-C-reactive protein ratio.

We included the variables significantly associated with a higher risk on univariate
analysis in multivariate models split into three scenarios to avoid model overfitting (as
NLR, dNLR, and PLR use some of the same variables to compute). All three ratios were
independent predictors for progression to septic shock and mortality (Table 3).
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Table 3. Multivariate analysis using Cox-proportional hazards model for the risk of septic shock and
in-hospital mortality.

Septic Shock In-Hospital Mortality
95% 95%
Variables Hazard Ratio Confidence  p-Value Hazard Ratio Confidence p-Value
Interval Interval
Scenario 1
Age 1.027 0.992-1.063 0.135 1.053 1.015-1.092 0.006
Positive tracheal /sputum culture 1.834 0.860-3.913 0.117
C-reactive protein—day 14 (mg/dL) 1.005 1.001-1.009 0.026 1.005 1.001-1.009 0.016
NLR—day 14 1.024 1.009-1.039 0.001 1.021 1.006-1.037 0.006
Scenario 2
Age 1.022 0.986-1.059 0.234 1.049 1.011-1.088 0.012
Positive tracheal /sputum culture 1.679 0.784-3.593 0.182
C-reactive protein—day 14 (mg/dL) 1.005 1.001-1.009 0.025 1.005 1.001-1.009 0.020
dNLR—day 14 1.066 1.025-1.088 0.001 1.057 1.018-1.098 0.004
Scenario 3
Age 1.027 0.994-1.062 0.111 1.052 1.016-1.091 0.005
Positive tracheal /sputum culture 1.907 0.896-4.054 0.094
C-reactive protein—day 14 (mg/dL) 1.005 1.001-1.009 0.011 1.005 1.001-1.009 0.008
PLR—day 14 1.002 1.001-1.003 <0.001 1.002 1.001-1.003 <0.001
NLR—neutrophil-to-lymphocyte ratio; dNLR—derived neutrophil-to-lymphocyte ratio; PLR—platelet-to-
lymphocyte ratio.

The discriminative capabilities for predicting septic shock and mortality for NLR,
dNLR, and PLR were assessed using an AUROC analysis (Figure 2). All the three ratios
have shown good discrimination for septic shock, with AUROCs of 0.762, 0.764, and
0.716 for NLR (cut-off 25.33), dNLR (cut-off 9.74), and PLR (cut-off 428.49), respectively
(p < 0.001). Similar figures were obtained for predicting mortality, with AUROCs of 0.782,
0.778, and 0.758 for NLR (cut-off 14.61), dNLR (cut-off 9.45), and PLR (cut-off 428.49),
respectively (p < 0.001).

Septic Shock In-Hospital Mortality
1.0 1.0
——dNLR dNLR
08 —NLR 0.8 — NLR
—PLR — PLR
Z 06 Z 06
2 2
";’ @
c c
& 04 A 04
0.2 0.2
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 06 08 1.0
1 - Specificity 1 - Specificity

Figure 2. Area under the receiver-operating characteristic curve analysis for discriminating progres-
sion towards septic shock (left) and in-hospital mortality (right) for the neutrophil-to-lymphocyte
ratio, derived neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio.
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4. Discussion

Our findings suggest a high prevalence of secondary co-infections in patients hospitalized
with critical COVID-19 in the ICU, which were significantly associated with mechanical
ventilation. Gram-negative multi-drug resistant bacteria determined the most prevalent
infections, most frequently strains of Acinetobacter baumannii and Klebsiella Pneumoniae, and
frequent fungal infections, most commonly with Candida albicans. Secondary infections were
positively correlated with the length of ICU stay. These infections tend to emerge at a later
stage of hospitalization, with a median time to the first positive culture at 13.5 days. The
patients who met the criteria for septic shock (50%) had significantly higher mortality
(82.22% vs. 11.11%, p < 0.001). The median time for meeting the criteria for septic shock
was 20.5 days. The cell-count ratios recorded on day 14 (NLR, dNLR, PLR) had good
discriminative capabilities for predicting progression to septic shock and mortality, with
AUROCs above 0.75.

Regarding our main objective, the predictive prowess of NLR, dNLR, and PLR for
COVID-19 outcomes are in line with previously reported data on large cohorts of pa-
tients [11-13]. However, the gross data resulting from large meta-analyses should warrant
a cautious interpretation, given that these ratios were studied in virtually every possible
clinical design. Since the first depiction of NLR by Zahorec R in a study on oncological ICU
patients, which revealed significant correlations with surgical stress, systemic inflammation
and sepsis [18], the ratio has become a well-established tool in stratifying disease course,
severity and overall prognosis [19]. Consideration should be made regarding the patho-
physiology behind the variation in these ratios in COVID-19. Even in the early days of the
pandemic, lymphopenia was regarded as a cardinal finding in the SARS-CoV-2 infection,
usually serving as a quick indicator of COVID-19 while waiting for the RT-PCR results.
While the exact mechanism of lymphopenia has yet to be described, there is evidence that
multiple factors contribute to a drop in lymphocyte count. The lymphocytes express the
angiotensin-converting enzyme 2 (ACE2) receptor, which acts as the main gateway to cell
penetration for the SARS-CoV-2 virus and might ultimately lead to their lysis [20,21]. Next,
there is older evidence from other clinical scenarios suggesting that multiple cytokines
(IL-1, IL-6, TNF-«) are involved in generating lymphopenia by inducing apoptosis [22,23].
Thus, given that the “cytokine storm” is probably the critical component in moderate-to-
severe COVID-19 [24], the rationale for lymphopenia appears relatively straightforward.
Moreover, animal models have suggested that the abundance of cytokines generated in
severe COVID-19 might trigger lymphoid organ atrophy and a subsequent decrease in
lymphocyte count [25]. Corroborated with the potential additive effect of lactic acidosis,
frequently encountered in the critically ill [20,26], there appear to be numerous ways in
which lymphocyte count, the ubiquitous component in all the ratios, can drop, especially
in the latter disease stages. There are also robust data reporting the predictive powers of
NLR and PLR for numerous COVID-19-related outcomes in critically ill patients. Studies
on similar demographics have reported good predictive value for NLR and PLR regarding
the occurrence of deep vein thrombosis, acute pulmonary embolism, acute limb ischemia,
need for invasive mechanical ventilation, ICU admission and mortality [27-29].

There appears to be a good bench-to-bedside transition regarding the role of these
ratios in predicting a worse outcome. Evidence suggests that NLR’s dynamics, peak value,
and values determined at specific points (at least seven days following admission) might
be good predictors for mortality compared to the value on arrival [30,31]. The surge in
the ratio during the hospital stay might suggest the progression towards a cytokine storm
or a secondary infection, thus accurately reflecting the differences in the disease course.
Our results are consistent with this hypothesis, suggesting that late spikes (day 14) in NLR,
dNLR, and PLR are independent predictors for progression to septic shock and in-hospital
mortality. However, evidence suggests that subsequent repetitions of these variables (i.e.,
day 21) bear little significance, most likely due to the patients already being on a severe
disease course requiring prolonged hospital care [32].
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Our results further reinforce the multiple hit progression pattern hypothesis of patients
with prolonged hospitalization. The disease course is marked by an initial aggression that
is determined by the severe viral infection. This requires ICU admission which is followed
by the complications associated with prolonged ICU stay, most frequently represented
by HAIs. The first evidence of infection is typically reported between 8 to 12 days of
mechanical ventilation, and the most frequent entity is ventilator-associated pneumonia
(VAP), according to a recently published large-scale systematic review [33]. According
to previous reports, the most frequent VAPs were determined by multidrug-resistant
strains of Acinetobacter baumannii, Klebsiella pneumoniae, and Candida spp., characterized by
a marked spike in the pro-inflammatory markers and significantly increasing mortality,
clearly defining a distinct clinical event [34-36]. Another previously published study stated
that the dynamics of both NLR and dNLR were independent predictors for the need of
endotracheal intubation and overall mortality in a similarly structured cohort [37]. The
split in NLR trajectory throughout the hospital stay, suggesting separate disease courses,
has also been described in a large, multicentric Italian study, which included 1260 critically
ill COVID-19 patients. The divergence in NLR becomes increasingly evident after ten days
of ICU admission, consistent with the progression to a second, distinct, disease stage [38].
Therefore, it is reasonable to suggest that there are multiple concurrent risks (i.e., HAIs,
thrombotic events, neurological impairment, alteration of the nutritional status), each
altering the prognosis of patients with prolonged hospitalization, according to their specific
disease progression pathway. Hence, a non-linear disease course is expected, and once the
disease trajectories diverge, on-admission predictors bear less significance. Although far
from the realm of the current study, probably the most elegant description of this disease
progression pathway is provided by Gennaro D’Amico and his colleagues in patients
with liver cirrhosis and who might be consulted for further reference [39]. Following this
rationale, given our focus on late decompensating events (such as septic shock, which
typically occurred in the third week following admission), we believe it is reasonable to
look for markers predicting these events seven days prior (i.e., at day 14), as the values
on admission are far removed from the clinical state of the patient on day 21. Of course,
this framework requires further validation and represents an interesting research direction,
and NLR, dNLR, and PLR have promising potential. An attempt to use a competing risk
model for COVID-19 patients was proposed by Zuccaro et al. in an Italian cohort, with
promising results [40].

In our opinion, an exact cut-off for the ratios bears little clinical significance, as it
dichotomizes a continuous variable. The futility of reporting a specific cut-off value is
supported by a general lack of reproducibility, as NLR cut-offs ranged from 3.0 to 13.4,
depending on the research scenario and study populations [11].

The bulk of data on the predictive value of PLR for COVID-19-associated mortality
is less robust than NLR. However, two meta-analyses report that PLR can be effective in
predicting disease severity [12,41]. One large-scale retrospective study has suggested that a
high PLR on admission is associated with higher mortality on univariate analysis. However,
on multivariate analysis, only the platelet count retained statistical significance [42]. Yet,
the large scale of the study population significantly enforces the value of platelet count
and PLR in assessing prognosis. The progression of the SARS-CoV-2 infection during
the first waves of the pandemic was highly unpredictable, with some patients following
“the calm before the storm” pathway and suffering abrupt deterioration on days 10-14.
Consequently, it is reasonable to assume that on-arrival laboratory work-up might be
misleading, as the dynamics of the biological variables, including peak values and repeated
measurements might be more helpful. This has been hinted at by an early small-scale report
from China [43], which suggested that peak PLR, rather than the values on admission,
was more effective in predicting disease severity, yet no similar evidence has emerged
since. To our knowledge, our study is the first to identify a predictive role of late PLR for
mortality, as day 14 PLR, along with NLR and dNLR, helped determine progression to
septic shock and death. Our study did not find significant discriminatory potential for LCR
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regarding progression to septic shock and mortality, concordant with the available literature
on the topic [13].

Based on the previously discussed data, on-admission cell-count variables might be
useful for predicting disease severity. Yet, once the patients become critically ill and require
ICU admission, they might lose their discriminative capabilities. Therefore, dynamic close
monitoring of easy-to-use, cheap, repeatable metrics might be helpful to identify an even
higher vulnerability group among severe cases prone to severe secondary infections and
death. Thus, using the previously discussed biomarkers might be a sensible yet not a
specific surrogate to place patients on high alert and proactive treatment strategies while
other time and resource-consuming methods are utilized (cultures, imaging).

Given the wide array of comorbid conditions encountered in critically ill COVID19
patients, evidence has shown that NLR might be useful in predicting the disease course
of the underlying conditions, such as risk and severity of new onset acute coronary syn-
drome in patients with coronary artery disease [44], or to assess the activity of underlying
neurological conditions [45].

Responding to the secondary objective of our research, we found a very high preva-
lence of HAIs, predominantly associated with mechanical ventilation. The rate of culture-
documented HAIs in our study was 76.6%. On first impression, these results pinpoint a
staggeringly high incidence of secondary infections. An Italian study group that analyzed
data from 731 COVID-19 patients requiring hospitalization revealed a microbiologically
documented infection in 9.3% of the cases. However, the study protocol included patients
on the entire disease severity spectrum, and only blood cultures and lower respiratory
tract cultures were considered. A subgroup analysis of 45 patients requiring ICU hospital-
ization within the first 48 h revealed a significantly higher co-infection rate, at 29.4% [46].
Other raw comparisons between the data are less straightforward, given that the Italian
design used person-days of follow-up to calculate incidence. Another study published
by Bhatt P et al. [47] on 375 patients with COVID-19 requiring supplemental oxygen docu-
mented a 34.1% prevalence of secondary infections. Navigating through their data, 47.7%
were admitted to the ICU (n = 179), while 28.3% (1 = 103) met the criteria for septic shock.
Presuming that all the patients with criteria for septic shock were admitted to an ICU, the
prevalence of septic shock among the patients in the ICU was 57.5%, a figure which closely
resembles our data (n = 45, 50%). Similar to our results, mechanical ventilation was one
of the main factors associated with HAIs. Data regarding the prevalence of secondary
infections in critically ill COVID-19 patients are widely heterogeneous, as a British meta-
analysis reported a 14% prevalence of bacterial co-infections [48]. In comparison, there are
small-sample isolated reports of culture-documented infections in 100% of mechanically
ventilated patients [49]. This raises concerns about adequate reporting and the definitions
set for HAISs (screening vs. active seeking).

We acknowledge that our design has significant caveats, which warrant a cautious
interpretation of our data. The sample size, monocentric, and retrospective design all
diminish our findings’ significance, precluding the opportunity to perform and advanced
statistical analysis. Moreover, given the retrospective analysis, a more precise disease
pathway characterization was not available, as stratifying patients in different subgroups
would have added substantially more information. Given the small sample size, an analysis
according to the etiological agent of HAIs, the site of infection and potential mechanisms
was not possible. An additional bias might reside in the inclusion of only ICU patients, thus
pre-selecting for critical COVID-19 patients and canceling potential prognostic implications
on the entire severity spectrum. However, given the timing of this article, we believe
that prognostication of the disease course is less valuable, considering that severe forms
are less common in the latter waves of the pandemic, and viral variants each have their
particular natural history. Most of the cited evidence is derived from studies performed
within the first year of the pandemic, when most cases were generated by the initial SARS-
CoV-2 variant, alpha, and beta strains. Given the relatively milder diseases course in the
subsequent variants, a pathophysiological and prognostic reconsideration might prove
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valuable. As a smaller proportion of patients end up critically ill, their prognostication
might be substantially different, when compared to the initial cohorts. However, we believe
that once a critical state occurs, the outcome depends less on the initial viral insult and
more on other competing clinical events. In this light, we believe that our data on critically
ill patients, with a high prevalence of patients requiring mechanical ventilation, might
prove useful by extrapolation to other clinical scenarios characterized by extended ICU
stay and susceptibility to HAIs.

5. Conclusions

The prevalence of HAISs in critically ill patients with COVID-19 is high, as almost half
of the patients progress towards septic shock. The dynamics of cell-count ratios such as
NLR, dNLR, and PLR might be cheap, easy-to-use, repeatable tools for discriminating
progression to severe secondary infections, septic shock, and mortality.

Author Contributions: Conceptualization, I.D.B., C.P. and C.B.; methodology, C.B. and A.N.; soft-
ware, R.C,; validation, C.L.P,, M.O.N. and .E.H.; formal analysis R.C.; investigation, L.A.; resources,
D.C.; data curation, L.A. and A.N.; writing—I.D.B., C.P. and A.N.; writing—review and editing, R.C.,
C.B. and D.C,; visualization, R.C.; supervision, C.B. and C.I.P; project administration, C.L.P; funding
acquisition, I.D.B. All authors have read and agreed to the published version of the manuscript.

Funding: The APC was funded by the University of Oradea.

Institutional Review Board Statement: The current study design was discussed and approved by
the host hospital Ethics Committee (46/2020, 19.11.2020). The protocol was designed in compliance
with the ethical guidelines of the modified 1975 Declaration of Helsinki.

Informed Consent Statement: Informed written consent was obtained prior to inclusion from all the
patients enrolled.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study, the collection, analyses, or interpretation of data, the writing of the manuscript, or in the
decision to publish the results.

References

1. Mielke, N.; Johnson, S.; Bahl, A. Boosters Reduce In-Hospital Mortality in Patients with COVID-19: An Observational Cohort
Analysis. Lancet Reg. Health-Am. 2022, 8, 100227. [CrossRef] [PubMed]

2. Bechman, K,; Yates, M.; Mann, K.; Nagra, D.; Smith, L.].; Rutherford, A.L; Patel, A.; Periselneris, ].; Walder, D.; Dobson, R.J.B.; et al.
Inpatient COVID-19 Mortality Has Reduced over Time: Results from an Observational Cohort. PLoS ONE 2022, 17, €0261142.
[CrossRef] [PubMed]

3. Huang, Y.Z,; Kuan, C.C. Vaccination to Reduce Severe COVID-19 and Mortality in COVID-19 Patients: A Systematic Review and
Meta-Analysis. Eur. Rev. Med. Pharmacol. Sci. 2022, 26, 1770-1776. [CrossRef] [PubMed]

4. Hou, C; Hu, Y; Yang, H.; Chen, W.; Zeng, Y.; Ying, Z.; Hu, Y,; Sun, Y.; Qu, Y.; Gottfredsson, M.; et al. COVID-19 and Risk of
Subsequent Life-Threatening Secondary Infections: A Matched Cohort Study in UK Biobank. BMC Med. 2021, 19, 1-10. [CrossRef]

5. Elabbadi, A.; Turpin, M.; Gerotziafas, G.T.; Teulier, M.; Voiriot, G.; Fartoukh, M. Bacterial Coinfection in Critically Ill COVID-19
Patients with Severe Pneumonia. Infection 2021, 49, 559-562. [CrossRef]

6. Hoque, M.N,; Akter, S.; Dilruba, I.; Islam, M.R. Microbial Co-Infections in COVID-19: Associated Microbiota and Underlying
Mechanisms of Pathogenesis. Microb. Pathog. 2021, 156, 104941. [CrossRef] [PubMed]

7. Grasselli, G.; Scaravilli, V.; Mangioni, D.; Scudeller, L.; Alagna, L.; Bartoletti, M.; Bellani, G.; Biagioni, E.; Bonfanti, P.; Bottino, N.;
et al. Hospital-Acquired Infections in Critically Ill Patients with COVID-19. Chest 2021, 160, 454—465. [CrossRef] [PubMed]

8.  White, L.; Dhillon, R.; Cordey, A.; Hughes, H.; Faggian, F; Soni, S.; Pandey, M.; Whitaker, H.; May, A.; Morgan, M.; et al. A
National Strategy to Diagnose COVID-19 Associated Invasive Fungal Disease in the ICU. Clin. Infect. Dis. 2021, 73, e1634—e1644.
[CrossRef] [PubMed]

9. Langford, B.J.; So, M.; Raybardhan, S.; Leung, V.; Westwood, D.; MacFadden, D.R.; Soucy, J.P.R.; Daneman, N. Bacterial Co-
Infection and Secondary Infection in Patients with COVID-19: A Living Rapid Review and Meta-Analysis. Clin. Microbiol. Infect.
2020, 26, 1622-1629. [CrossRef] [PubMed]

10. Ripa, M.; Mastrangelo, A. The Elephant in the Room. Secondary Infections and Antimicrobial Use in Patients with COVID-19.

Chest 2021, 160, 387-388. [CrossRef]


http://doi.org/10.1016/j.lana.2022.100227
http://www.ncbi.nlm.nih.gov/pubmed/35313615
http://doi.org/10.1371/journal.pone.0261142
http://www.ncbi.nlm.nih.gov/pubmed/35025917
http://doi.org/10.26355/eurrev_202203_28248
http://www.ncbi.nlm.nih.gov/pubmed/35302230
http://doi.org/10.1186/s12916-021-02177-0
http://doi.org/10.1007/s15010-020-01553-x
http://doi.org/10.1016/j.micpath.2021.104941
http://www.ncbi.nlm.nih.gov/pubmed/33962007
http://doi.org/10.1016/j.chest.2021.04.002
http://www.ncbi.nlm.nih.gov/pubmed/33857475
http://doi.org/10.1093/cid/ciaa1298
http://www.ncbi.nlm.nih.gov/pubmed/32860682
http://doi.org/10.1016/j.cmi.2020.07.016
http://www.ncbi.nlm.nih.gov/pubmed/32711058
http://doi.org/10.1016/j.chest.2021.04.053

Medicina 2023, 59, 32 12 0f13

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Li, X.; Liu, C.; Mao, Z; Xiao, M.; Wang, L.; Qi, S.; Zhou, F. Predictive Values of Neutrophil-to-Lymphocyte Ratio on Disease
Severity and Mortality in COVID-19 Patients: A Systematic Review and Meta-Analysis. Crit. Care 2020, 24, 1-10. [CrossRef]
[PubMed]

Chan, A.S.; Rout, A. Use of Neutrophil-to-Lymphocyte and Platelet-to-Lymphocyte Ratios in COVID-19. J. Clin. Med. Res. 2020,
12, 448-453. [CrossRef] [PubMed]

Karimi, A.; Shobeiri, P.; Kulasinghe, A.; Rezaei, N. Novel Systemic Inflammation Markers to Predict COVID-19 Prognosis. Front.
Immunol. 2021, 12, 741061. [CrossRef] [PubMed]

Bodolea, C.; Nemes, A.; Avram, L.; Craciun, R.; Coman, M.; Ene-Cocis, M.; Ciobanu, C.; Crisan, D. Nutritional Risk Assessment
Scores Effectively Predict Mortality in Critically Il Patients with Severe COVID-19. Nutrients 2022, 14, 2105. [CrossRef] [PubMed]
Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, R.C. A New Method of Classifying Prognostic in Longitudinal Studies:
Development and Validation. J. Chronic Dis. 1987, 40, 373-383. [CrossRef] [PubMed]

Li, K,; Fang, Y;; Li, W,; Pan, C,; Qin, P; Zhong, Y.; Liu, X.; Huang, M,; Liao, Y.; Li, S. CT Image Visual Quantitative Evaluation and
Clinical Classification of Coronavirus Disease (COVID-19). Eur. Radiol. 2020, 30, 4407—4416. [CrossRef]

Singer, M.; Deutschman, C.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.; Chiche, J.-D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA-]. Am. Med.
Assoc. 2016, 315, 801-810. [CrossRef]

Zahorec, R. Ratio of neutrophil to lymphocyte counts-rapid and simple parameter of systemic inflammation and stress in critically
ill. Bratisl. Lek. Listy 2001, 102, 5-14. [PubMed]

Zahorec, R. Neutrophil-to-lymphocyte ratio, past, present and future perspectives. Bratisl. Lek. Listy 2021, 122, 474-488. [CrossRef]
Terpos, E.; Ntanasis-Stathopoulos, I.; Elalamy, I.; Kastritis, E.; Sergentanis, T.N.; Politou, M.; Psaltopoulou, T.; Gerotziafas, G.;
Dimopoulos, M.A. Hematological Findings and Complications of COVID-19. Am. |. Hematol. 2020, 95, 834-847. [CrossRef]
Scialo, F; Daniele, A.; Amato, F,; Pastore, L.; Matera, M.G.; Cazzola, M.; Castaldo, G.; Bianco, A. ACE2: The Major Cell Entry
Receptor for SARS-CoV-2. Lung 2020, 198, 867-877. [CrossRef] [PubMed]

Singh, S.; Sharma, A.; Arora, S.K. High Producer Haplotype (CAG) of -863C/A, -308G/A and -238G/ A Polymorphisms in the
Promoter Region of TNF-a Gene Associate with Enhanced Apoptosis of Lymphocytes in HIV-1 Subtype C Infected Individuals
from North India. PLoS ONE 2014, 9, €98020. [CrossRef] [PubMed]

Liao, Y.-C.; Liang, W.-G.; Chen, F.-W.; Hsu, J.-H.; Yang, J.-J.; Chang, M.-S. IL-19 Induces Production of IL-6 and TNF-« and Results
in Cell Apoptosis Through TNF-c. J. Immunol. 2002, 169, 4288-4297. [CrossRef] [PubMed]

Yang, L.; Xie, X.; Tu, Z,; Fu, J.; Xu, D.; Zhou, Y. The Signal Pathways and Treatment of Cytokine Storm in COVID-19. Signal
Transduct. Target. Ther. 2021, 6, 1-20. [CrossRef] [PubMed]

Chan, ].LEW.; Zhang, A.].; Yuan, S.; Poon, VK.M.; Chan, C.C.S.; Lee, A.C.Y.,; Chan, WM.; Fan, Z.; Tsoi, H.W.; Wen, L.; et al.
Simulation of the Clinical and Pathological Manifestations of Coronavirus Disease 2019 (COVID-19) in Golden Syrian Hamster
Model: Implications for Disease Pathogenesis and Transmissibility. Clin. Infect. Dis. 2020, 71, 2428-2446. [CrossRef]

You, B.; Ravaud, A.; Canivet, A.; Ganem, G.; Giraud, P.; Guimbaud, R.; Kaluzinski, L.; Krakowski, I.; Mayeur, D.; Grellety, T.; et al.
The Official French Guidelines to Protect Patients with Cancer against SARS-CoV-2 Infection. Lancet Oncol. 2020, 21, 619-621.
[CrossRef]

Muresan, A.V.; Halmaciu, I.; Arbanasi, E.M.; Kaller, R.; Arbanasi, E.M.; Budisca, O.A.; Melinte, R M.; Vunvulea, V.; Filep, R.C,;
Marginean, L.; et al. Prognostic Nutritional Index, Controlling Nutritional Status (CONUT) Score, and Inflammatory Biomarkers
as Predictors of Deep Vein Thrombosis, Acute Pulmonary Embolism, and Mortality in COVID-19 Patients. Diagnostics 2022, 12,
2757. [CrossRef]

Arbanasi, E.M.; Halmaciu, I; Kaller, R.; Muresan, A.V.; Arbanasi, E.M.; Suciu, B.A.; Cosarcd, C.M.; Cojocaru, L.I.; Melinte, RM.;
Russu, E. Systemic Inflammatory Biomarkers and Chest CT Findings as Predictors of Acute Limb Ischemia Risk, Intensive Care
Unit Admission, and Mortality in COVID-19 Patients. Diagnostics 2022, 12, 2379. [CrossRef]

Halmaciu, I.; Arbanasi, E.M.; Kaller, R.; Muresan, A.V.; Arbanasi, E.M.; Bacalbasa, N.; Suciu, B.A.; Cojocaru, LI.; Runcan, A.L;
Grosu, F; et al. Chest CT Severity Score and Systemic Inflammatory Biomarkers as Predictors of the Need for Invasive Mechanical
Ventilation and of COVID-19 Patients” Mortality. Diagnostics 2022, 12, 2089. [CrossRef]

Jimeno, S.; Ventura, P.S.; Castellano, ].M.; Garcia-Adasme, S.I.; Miranda, M.; Touza, P,; Lllana, I.; Lopez-Escobar, A. Prognostic
Implications of Neutrophil-Lymphocyte Ratio in COVID-19. Eur. |. Clin. Investig. 2021, 51, 1-9. [CrossRef]

Ullah, W.; Basyal, B.; Tariq, S.; Almas, T.; Saeed, R.; Roomi, S.; Haq, S.; Madara, J.; Boigon, M.; Haas, D.C.; et al. Lymphocyte-to-C-
Reactive Protein Ratio: A Novel Predictor of Adverse Outcomes in COVID-19. |. Clin. Med. Res. 2020, 12, 415-422. [CrossRef]
[PubMed]

Khourssaji, M.; Chapelle, V.; Evenepoel, A.; Belkhir, L.; Yombi, J.C.; van Dievoet, M.A.; Saussoy, P.; Coche, E.; Fillée, C,;
Constantinescu, S.N.; et al. A Biological Profile for Diagnosis and Outcome of COVID-19 Patients. Clin. Chem. Lab. Med. 2020, 58,
2141-2150. [CrossRef]

Fumagalli, J.; Panigada, M.; Klompas, M.; Berra, L. Ventilator-associated pneumonia among SARS-CoV-2 acute respiratory
distress syndrome patients. Curr. Opin. Crit. Care 2022, 28, 74-82. [CrossRef] [PubMed]

Meawed, T.E.; Ahmed, S.M.; Mowafy, S.M.S.; Samir, G.M.; Anis, R.H. Bacterial and fungal ventilator associated pneumonia in
critically ill COVID-19 patients during the second wave. J. Infect. Public Health 2021, 14, 1375-1380. [CrossRef] [PubMed]


http://doi.org/10.1186/s13054-020-03374-8
http://www.ncbi.nlm.nih.gov/pubmed/33198786
http://doi.org/10.14740/jocmr4240
http://www.ncbi.nlm.nih.gov/pubmed/32655740
http://doi.org/10.3389/fimmu.2021.741061
http://www.ncbi.nlm.nih.gov/pubmed/34745112
http://doi.org/10.3390/nu14102105
http://www.ncbi.nlm.nih.gov/pubmed/35631246
http://doi.org/10.1016/0021-9681(87)90171-8
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://doi.org/10.1007/s00330-020-06817-6
http://doi.org/10.1001/jama.2016.0287
http://www.ncbi.nlm.nih.gov/pubmed/11723675
http://doi.org/10.4149/BLL_2021_078
http://doi.org/10.1002/ajh.25829
http://doi.org/10.1007/s00408-020-00408-4
http://www.ncbi.nlm.nih.gov/pubmed/33170317
http://doi.org/10.1371/journal.pone.0098020
http://www.ncbi.nlm.nih.gov/pubmed/24837009
http://doi.org/10.4049/jimmunol.169.8.4288
http://www.ncbi.nlm.nih.gov/pubmed/12370360
http://doi.org/10.1038/s41392-021-00679-0
http://www.ncbi.nlm.nih.gov/pubmed/34234112
http://doi.org/10.1093/cid/ciaa644
http://doi.org/10.1016/S1470-2045(20)30204-7
http://doi.org/10.3390/diagnostics12112757
http://doi.org/10.3390/diagnostics12102379
http://doi.org/10.3390/diagnostics12092089
http://doi.org/10.1111/eci.13404
http://doi.org/10.14740/jocmr4227
http://www.ncbi.nlm.nih.gov/pubmed/32655735
http://doi.org/10.1515/cclm-2020-0626
http://doi.org/10.1097/MCC.0000000000000908
http://www.ncbi.nlm.nih.gov/pubmed/34932525
http://doi.org/10.1016/j.jiph.2021.08.003
http://www.ncbi.nlm.nih.gov/pubmed/34420902

Medicina 2023, 59, 32 13 0f 13

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Russo, A.; Gavaruzzi, F.; Ceccarelli, G.; Borrazzo, C.; Oliva, A.; Alessandri, F; Magnanimi, E.; Pugliese, F; Venditti, M. Multidrug-
resistant Acinetobacter baumannii infections in COVID-19 patients hospitalized in intensive care unit. Infection 2022, 50, 83-92.
[CrossRef] [PubMed]

Montrucchio, G.; Corcione, S.; Lupia, T.; Shbaklo, N.; Olivieri, C.; Poggioli, M.; Pagni, A.; Colombo, D.; Roasio, A.; Bosso, S.; et al.
The Burden of Carbapenem-Resistant Acinetobacter baumannii in ICU COVID-19 Patients: A Regional Experience. J. Clin. Med.
2022, 11, 5208. [CrossRef]

Moisa, E.; Corneci, D.; Negoita, S.; Filimon, C.R; Serbu, A.; Negutu, M.I; Grintescu, .M. Dynamic Changes of the Neutrophil-to-
Lymphocyte Ratio, Systemic Inflammation Index, and Derived Neutrophil-to-Lymphocyte Ratio Independently Predict Invasive
Mechanical Ventilation Need and Death in Critically Ill COVID-19 Patients. Biomedicines 2021, 9, 1656. [CrossRef]

Zanella, A.; Florio, G.; Antonelli, M.; Bellani, G.; Berselli, A.; Bove, T.; Cabrini, L.; Carlesso, E.; Castelli, G.P.; Cecconi, M.; et al.
Time course of risk factors associated with mortality of 1260 critically ill patients with COVID-19 admitted to 24 Italian intensive
care units. Intensive Care Med. 2021, 47, 995-1008. [CrossRef]

D’Amico, G.; Morabito, A.; D’Amico, M.; Pasta, L.; Malizia, G.; Rebora, P.; Valsecchi, M.G. Clinical states of cirrhosis and
competing risks. J. Hepatol. 2018, 68, 563-576. [CrossRef]

Zuccaro, V.; Celsa, C.; Sambo, M.; Battaglia, S.; Sacchi, P.; Biscarini, S.; Valsecchi, P.; Pieri, T.C.; Gallazzi, I.; Colaneri, M.; et al.
Competing-risk analysis of coronavirus disease 2019 in-hospital mortality in a Northern Italian centre from SMAtteo COvid19
REgistry (SMACORE). Sci. Rep. 2021, 11, 1137. [CrossRef]

Simadibrata, D.M.; Pandhita, B.A.W.; Ananta, M.E.; Tango, T. Platelet-to-Lymphocyte Ratio, a Novel Biomarker to Predict the
Severity of COVID-19 Patients: A Systematic Review and Meta-Analysis. J. Intensive Care Soc. 2022, 23, 20-26. [CrossRef]
Simon, P; Le Borgne, P; Lefevbre, F,; Cipolat, L.; Remillon, A.; Dib, C.; Hoffmann, M.; Gardeur, I.; Sabah, ].; Kepka, S.; et al.
Platelet-to-Lymphocyte Ratio (PLR) Is Not a Predicting Marker of Severity but of Mortality in COVID-19 Patients Admitted to the
Emergency Department: A Retrospective Multicenter Study. J. Clin. Med. 2022, 11, 4903. [CrossRef] [PubMed]

Qu, R;; Ling, Y,; Zhang, YH.Z.; Wei, L.Y.; Chen, X,; Li, X.M.; Liu, X.Y,; Liu, HM.; Guo, Z.; Ren, H.; et al. Platelet-to-Lymphocyte
Ratio Is Associated with Prognosis in Patients with Coronavirus Disease-19. |. Med. Virol. 2020, 92, 1533-1541. [CrossRef]
[PubMed]

Dziedzic, E.A.; Gasior, |.S.; Tuzimek, A.; Dabrowski, M.; Jankowski, P. Neutrophil-to-Lymphocyte Ratio Is Not Associated with
Severity of Coronary Artery Disease and Is Not Correlated with Vitamin D Level in Patients with a History of an Acute Coronary
Syndrome. Biology 2022, 11, 1001. [CrossRef]

Alster, P.; Madetko, N.; Friedman, A. Neutrophil-to-lymphocyte ratio (NLR) at boundaries of Progressive Supranuclear Palsy
Syndrome (PSPS) and Corticobasal Syndrome (CBS). Neurol. Neurochir. Pol. 2021, 55, 97-101. [CrossRef]

Ripa, M.; Galli, L.; Poli, A.; Oltolini, C.; Spagnuolo, V.; Mastrangelo, A.; Muccini, C.; Monti, G.; Luca, G.; De Landoni, G.; et al.
Secondary Infections in Patients Hospitalized with COVID-19: Incidence and Predictive Factors. Clin. Microbiol. Infect. 2021, 27,
451-457. [CrossRef]

Bhatt, PJ.; Shiau, S.; Brunetti, L.; Xie, Y.; Solanki, K.; Khalid, S.; Mohayya, S.; Au, PH.; Pham, C.; Uprety, P; et al. Risk Factors and
Outcomes of Hospitalized Patients with Severe COVID-19 and Secondary Bloodstream Infections: A Multicenter, Case-Control
Study. Clin. Infect. Dis. 2021, 72, €995-e1003. [CrossRef]

Lansbury, L.; Lim, B.; Baskaran, V.; Lim, W.S. Co-Infections in People with COVID-19: A Systematic Review and Meta-Analysis. J.
Infect. 2020, 81, 266-275. [CrossRef]

Sharifipour, E.; Shams, S.; Esmkhani, M.; Khodadadji, J.; Fotouhi-Ardakani, R.; Koohpaei, A.; Doosti, Z.; Ej Golzari, S. Evaluation of
Bacterial Co-Infections of the Respiratory Tract in COVID-19 Patients Admitted to ICU. BMC Infect. Dis. 2020, 20, 1-7. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s15010-021-01643-4
http://www.ncbi.nlm.nih.gov/pubmed/34176088
http://doi.org/10.3390/jcm11175208
http://doi.org/10.3390/biomedicines9111656
http://doi.org/10.1007/s00134-021-06495-y
http://doi.org/10.1016/j.jhep.2017.10.020
http://doi.org/10.1038/s41598-020-80679-2
http://doi.org/10.1177/1751143720969587
http://doi.org/10.3390/jcm11164903
http://www.ncbi.nlm.nih.gov/pubmed/36013142
http://doi.org/10.1002/jmv.25767
http://www.ncbi.nlm.nih.gov/pubmed/32181903
http://doi.org/10.3390/biology11071001
http://doi.org/10.5603/PJNNS.a2020.0097
http://doi.org/10.1016/j.cmi.2020.10.021
http://doi.org/10.1093/cid/ciaa1748
http://doi.org/10.1016/j.jinf.2020.05.046
http://doi.org/10.1186/s12879-020-05374-z

	Introduction 
	Materials and Methods 
	Research Structure and Study Population 
	Baseline Evaluation, Laboratory Workup, and Therapeutic Management 
	Statistical Analysis 
	Study Ethics 

	Results 
	Discussion 
	Conclusions 
	References

