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ABSTRACT

BACKGROUND: The current knowledge about novel coronavirus-2019 (COVID-19) indicates that the immune system and inflammatory
response play a crucial role in the severity and prognosis of the disease. In this study, we aimed to investigate prognostic value of systemic
inflammatory biomarkers including C-reactive protein/albumin ratio (CAR), prognostic nutritional index (PNI), neutrophil-to-lymphocyte ratio
(NLR), lymphocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) in patients with severe COVID-19.

METHODS: This single-center, retrospective study included a total of 223 patients diagnosed with severe COVID-19. Primary outcome
measure was mortality during hospitalization. Multivariate logistic regression analyses were performed to identify independent predictors
associated with mortality in patients with severe COVID-19. Receiver operating characteristic (ROC) curve was used to determine cut-offs,
and area under the curve (AUC) values were used to demonstrate discriminative ability of biomarkers.

RESULTS: Compared to survivors of severe COVID-19, non-survivors had higher CAR, NLR, and PLR, and lower LMR and lower PNI (P <
.05 for all). The optimal CAR, PNI, NLR, PLR, and LMR cut-off values for detecting prognosis were 3.4, 40.2, 6. 27, 312, and 1.54 respec-
tively. The AUC values of CAR, PNI, NLR, PLR, and LMR for predicting hospital mortality in patients with severe COVID-19 were 0.81, 0.91,
0.85, 0.63, and 0.65, respectively. In ROC analysis, comparative discriminative ability of CAR, PNI, and NLR for hospital mortality were supe-
rior to PLR and LMR. Multivariate analysis revealed that CAR (=0.34, P = .004), NLR (=6.27, P = .012), and PNI (<40.2, P = .009) were
independent predictors associated with mortality in severe COVID-19 patients.

CONCLUSIONS: The CAR, PNI, and NLR are independent predictors of mortality in hospitalized severe COVID-19 patients and are more

closely associated with prognosis than PLR or LMR.
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Introduction

A novel kind of the Coronavirus was first identified with
symptoms of respiratory infections in Wuhan, China in late
December, and has since spread rapidly worldwide. The new
virus is named as Severe acute respiratory syndrome-coronavi-
rus 2 (SARS-CoV-2) and, the disease it causes as coronavirus
disease-2019 (COVID-19) by the World Health Organization
(WHO).! In most of the cases, COVID-19 presents with mild
symptoms, while a considerable number of patients progress to
severe pneumonia and even eventually develop acute respira-
tory distress syndrome (ARDS), multiple organ failure and/or
septic shock, and death.? Growing evidence suggests that the
intense and abnormal response of the host immune system is
the main determinant for the severity of COVID-19.3- Intense

inflammatory responses cause poor adaptive immune reactions
and, eventually, cause an imbalance in the immune system
response. Thus, biomarkers which indicate the state of inflam-
mation and immune system can be used to predict the severity
of the disease in COVID-19 patients.>¢

Inflammation has been shown to be significantly associated
with a variety of clinical conditions related to the typical
changes in the serum acute phase proteins. C-reactive protein
(CRP) and albumin are well-known, acute-phase reactants
(APRs). The CRP values increase (positive APR), whereas
albumin levels decrease (negative APR) during inflammation.
The CRP-to-albumin ratio (CAR), a newly introduced indica-
tor, is believed to be a more reliable predictor of the inflamma-

tory status than CRP or albumin alone. Currently, the CAR
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has been used in the evaluation of prognosis and mortality in
many diseases as a prognostic score.””?

Several studies have demonstrated that the progression of
inflammation causes changes in the levels of many markers such
as lymphocytes, monocytes, neutrophils, and platelets.!? Systemic
inflammation markers such as neutrophils, platelets, and lym-
phocytes and relevant indices such as neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lympho-
cyte-to-monocyte ratio (LMR) have been shown to predict sys-
temic inflammation and can be used as prognostic markers in
several diseases.!'? Prognostic Nutritional Index (PNI), which
is calculated by using plasma albumin levels and lymphocyte
count in the peripheral blood is a useful tool to assess nutritional
and immunological status of patients and predicting prognosis.3
Also, a significant correlation between low PNI and poor sur-
vival has been reported in various conditions.!'* In addition,
NLR, PLR, and LMR are indicators of the systematic
inflammatory response!® that have been widely studied for the
prognosis of patients with viral pneumonia including COVID-
19.1-22 However, to the best of our knowledge, CAR and PNI
have not been addressed in COVID-19, yet. In the present study,
therefore, we aimed to investigate the prognostic value of all
these inflammatory markers such as CAR, NLR, PLR, LMR,
and PNI in COVID-19 patients and to identify possible prog-

nostic factors in this patient population.

Material and Methods

This single-center, retrospective, observational study was
approved by the Institutional Ethics Committee (No.
2020/0330). A written informed consent was obtained from
each patient. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

A total of 223 cases of COVID-19 were confirmed at
Medeniyet University, Goztepe Training and Research
Hospital between March 15th, 2020 and August 15th, 2020.
All patients were confirmed positively by SARS-CoV-2 nucleic
acid reverse transcriptase-polymerase chain reaction (RT-PCR)
(Ct value =38.0; BGI, Shenzhen, China) using specimens
derived from oropharyngeal swabs or sputum, prior to or dur-
ing the hospitalization. Exclusion criteria were as follows: age
under 18 years, pregnancy, comorbidities which compromise
the immune system such as autoimmune disorders, malignancy
and recent chemotherapy, and missing data. Patients with
severe disease were categorized based on the seventh edition of
the Chinese National Health Commission?3 and should meet
any of the following criteria: (1) shortness of breath, a respira-
tory rate of =30 beats/min; (2) oxygen saturation of <93% at
rest; (3) arterial oxygen partial pressure (PaO,)/oxygen concen-
tration (FiO,) of <300 mmHg (1 mmHg = 0.133 kPa); and
(4) lung images showing obvious progress of a lesion size of
>50% within 24 to 48 hours.?* Demographic and clinical data
of the patients including comorbidities, length of hospitaliza-
tion, and laboratory tests results were collected from the elec-
tronic and printed medical records on admission.

Laboratory test results including albumin, CRP, neutrophil
count, platelet count, lymphocyte count and monocyte count,
and used to calculate CAR, NLR, PLR, and LMR were
recorded at admission.

The systemic inflammation biomarkers were calculated as
follows: the CAR was calculated by dividing the CRP level by
the albumin level; the NLR was defined by dividing the neu-
trophil count by the lymphocyte count; the PLR was defined
by dividing the platelet count by the lymphocyte count; and the
LMR was defined by dividing the lymphocyte count by the
monocyte count. The PNI was calculated using the following
formula: PNI = serum albumin level (g/L) + 5 X total lym-
phocyte count (/L).3 The primary outcome measure of the
study was mortality during hospitalization. All data were

reviewed by 2 physicians.

Statistical analysis

Statistical analysis was performed using the Number Cruncher
Statistical System version 2007 (NCSS LLC., Kaysville, UT,
USA). Descriptive data were expressed in mean = standard
deviation (SD), median (min-max), or number and frequency.
The Shapiro-Wilk test and graphical analysis were used to test
the conformity of quantitative data to normal distribution. A
Student #-test was used to compare normally distributed quan-
titative variables between 2 groups. The Mann-Whitney U test
was used to compare quantitative variables that did not show
normal distribution between 2 groups. The Pearson’s chi-
square test and Fisher’s exact test were used to compare qualita-
tive data between the groups. The backward stepwise logistic
regression analysis was carried out to identify the risk factors of
mortality. Significant variables in the univariate analysis were
included in the multivariate logistic regression analysis. The
receiver operating characteristic (ROC) curve was used to esti-
mate the cut-off values of in-hospital mortality for CAR, NLR,
PLR, LMR, and PNI. The area under the curve (AUC) values
of the ROCs were analyzed to investigate the discriminative
ability of prognostic inflammatory biomarkers. The higher
AUC values indicate a better discriminative ability for predict-
ing hospital mortality. A Pvalue of <.05 was considered statis-
tically significant.

Results

Of a total of 223 cases of severe COVID-19,47.1% (n = 105)
were females and 52.9% (n = 118) were males. The mean age
was 59.70 = 19.01 (range, 21-96) years. Of the patients, 46.2%
(n = 103) had hypertension, 27.4% (n = 61) had diabetes,
18.8% (n = 42) had cardiovascular disease, 4.1% (n = 9) had
cerebrovascular diseases, and 10.8% (n = 24) had chronic lung
disease. The median time from illness onset to hospital admis-
sion was 5 days (range 4-7). The median length of hospitaliza-
tion was 6 (range, 4-10) days, and the in-hospital mortality rate
was 16.1% (n = 36). The mean age of non-survivors was 73.97
*+ 13.63 years, indicating statistically significantly higher age
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than survivors (56.95 * 17.47 years). The number of comorbid
diseases in non-survivors was significantly higher than that in
survivors, particularly for hypertension (P < .01), cardiovascu-
lar disease (P < .05). In the laboratory examination, the levels
of white blood cell (WBC), neutrophil, and CRP were higher
among non-survivors, while the platelet and lymphocyte count,
hemoglobin, and albumin levels were lower (P < .05 for all).
The patients who died were more likely to be admitted to the
intensive care unit (ICU) (97.2% vs 9.1%, respectively; P =
.01) and had a longer length of stay (median 12 vs 6 days,
respectively; P = .001). There were no significant differences
in sex, diabetes, chronic pulmonary disease, cerebrovascular
disease, monocyte count, and time from illness onset to hospi-
tal admission between the 2 groups (P > .05 for all). Compared
to survivors of severe COVID-19 patients, non-survivors had
higher CAR (P = .001), higher NLR (P = .001), higher PLR
(P =.019),lower LMR (P = .005), and lower PNI (P = .001).
Baseline demographic and clinical characteristics of the
patients are presented in Table 1.

The results of the univariate analysis and multivariate anal-
ysis are shown in Table 2. Multivariate analysis revealed that
ICU admission (odds ratio [OR] = 226.30; 95% confidence
interval [CI], 20.66-2478; P < .01) was the most significantly
independently predictors of worse outcome. Among inflam-
matory biomarkers, CAR (=0.34) (OR = 10.14; 95% CI,
2.07-49.74; P = .004) and PNI (<40.2) (OR = 10.85; 95%
CI, 1.81-65.21; P = .009) were the most significantly inde-
pendent predictors of worse outcome, followed by the NLR
(=6.27) (OR = 6.82; 95% CI, 1.52-30.66; P = .012).

Predictive accuracy af systemic inﬂammaﬁon
biomarkers

We attempted to establish the optimal thresholds for these
biomarkers on our study population through the ROC curve
analysis (Figure 1). The optimal cut-off values for the predic-
tion of hospital mortality by ROC analysis were 0.34 for CAR,
40.2 for PNI, 6.27 for NLR, 312 for PLR, and 1.54 for LMR.
The AUC values were used to compare the predictive value of
the CAR, PNI,NLR, PLR, and LMR. The AUCs for hospital
mortality was 0.81 (95% CI, 0.75-0.86) for CAR, 0.91 (95%
CI, 0.86-0.94) for PNI, 0.85 (95% CI, 0.80-0.90) for NLR,
0.63 (95% CI, 0.56-0.69) for PLR, and 0.65 (95% CI, 0.59-
0.71) for LMR (P < .05, for all) (Table 3). The AUCs of CAR,
PNI, and NLR were above 0.7, indicating that they were sig-
nificantly higher from PLR and LMR and good predictors.
To further verify the relationship between these inflamma-
tion biomarkers and clinical factors, the patients were catego-
rized into 2 groups with high or low levels, according to the
optimal cut-off values of these inflammation biomarkers. The
correlations of CAR, NLR, PLR, LMR, and PNI with age, sex,
and comorbidity features were analyzed. A total of 174 patients
(78%) had a CAR of =0.34, 73 (32%) had a PNI of <40.2, 67
(30%) had a NLR of =6.27, 25 (11.2%) had a PLR of =312,

and 26 (11.7%) had a LMR of <1.54. The results showed that
elevated CAR was significantly correlated with age (P = .001),
while elevated NLR was significantly correlated with age (P =
.001), hypertension (P = .018), and cardiovascular disease (P
= .044). The low PNI was found to be significantly correlated
with hypertension (P = .008) and age (P = .001), whereas the
elevated PLR was significantly correlated with age only (P =
.004). In addition, higher CAR, higher NLR, higher PLR,
lower PNI, and lower LMR were associated with prolonged

length of hospital stay and an increased need for ICU admis-
sion (Table 4).

Discussion

In the present study, we investigated the prognostic value of
inflammatory markers such as CAR, PLR, NLR, LMR, and
PNI in COVID-19 patients and identified prognostic factors
in this patient population. The results of this study showed that
CAR, PNI, NLR, PLR, and LMR were significantly associ-
ated with the survival of patients with severe COVID-19. In
predicting mortality, CAR, PNI, and NLR were found to be
superior to the PLR and LMR. Also, elevated CAR, PNI, and
NLR were independently associated with an increased in-hos-
pital mortality risk in severe COVID-19 patients. Finally, a
cut-off value of CAR of =0.34, NLR of =6.27, and PNI of
=<40.2 could predict poor clinical results for severe COVID-19
patients.

It has been shown that the severity of the disease caused by
the SARS-CoV-2 virus is directly related to the immune sys-
tem of individuals.> While COVID-19 disease remains asymp-
tomatic in some people, serious complications such as
interstitial pneumonia and respiratory failure may develop in
others, supporting a unique immune dysfunction model. In
severe COVID-19, the unique immune dysregulation pattern
has been reported to be associated with continuous cytokine
production and hyperinflammation.®?3 Additionally, COVID-
19 patients have shown abnormalities in biochemical, hemato-
logical, immune, and inflammatory biomarkers.?3?> In severe
cases, lymphocytopenia, decreased monocyte and eosinophil
counts, and increased neutrophil counts were reported.?>Also,
the progression of COVID-19 was found to be associated with
decreased lymphocyte counts, while an increase in the leuko-
cyte counts was reported in severe COVID-19 patients.?
Henry et al?” showed that patients with severe COVID-19 had
significantly higher WBC and lower platelet and lymphocyte
counts than non-severe cases. Similarly, in our study, non-sur-
vivors had decreased lymphocyte, monocyte, platelet, and
increased neutrophil counts than the survivors.

Various combinations of hematological parameters (NLR,
LMR, PLR, and PNI) have been used to predict the progno-
sis of disease.?$? These simple parameters can be used in pre-
dicting mortality of severely ill patients with COVID-19.
The NLR, calculated by the ratio of neutrophils count to
lymphocytes count, is an inflammatory marker which is used
for the prediction of mortality risk in patients with various
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Table 1. Demographic, clinical, and laboratory findings of patients with severe COVID-19.

Age (years)

Sex (male)

Comorbidity
Hypertension, n (%)
Diabetes, n (%)

Cardiovascular disease, n (%)

Cerebrovascular diseases, n (%)

Chronic pulmonary disease, n (%)

Laboratory findings

White blood cell count, X10° per L

Hemoglobin concentration, mg/dL

Platelet count, X109 per L
Monocyte count, X10° per L
Lymphocyte count, X10° per L
Neutrophil count, X10° per L
Albumin, g/L

C-reactive protein, mg/dL
CAR

PNI

NLR
PLR
LMR
ICU admission, n (%)
No

Yes

Time from illness onset to hospital admission (days)

Length of stay at hospital (days)

SURVIVORS NON-SURVIVORS P VALUE
(N = 187)

59.70 = 19.01 56.95 + 17.47 73.97 + 13.63 002,
118 (52.9) 103 (87.3) 15 (12.7) 1400
103 (46.2) 78 (41.7) 25 (69.4) .0020,**

61 (27.4) 47 (25.1) 14 (38.8) .090P
42 (18.8) 31 (16.5) 11 (30.5) .049b %
9 (4.1) 6(3.2) 3(8.3) 164¢
24 (10.8) 18 (9.6) 6 (16.6) .239¢
6.4 (4.8-9.2) 6.1 (4.7-7.8) 12 (7.8-18.3) 0019,
13.4 (11.9-14.2) 13.5 (12.3-14.3) 11.2 (9.5-13.55) 0014,
182 (144-234) 183 (150-234) 143 (121-219) 0189
0.4 (0.28-0.51) 0.42 (0.28-0.51) 0.33 (0.2-0.53) 178¢
1.1 (0.9-1.6) 1.2 (0.9-1.6) 1(0.6-1.1) .0019,**
4.49 (3.07-6.7) 4.2 (2.96-5.52) 7.34 (4.85-12.83) 0014,
39 (32-43) 40 (35-43) 26 (23-29) 0014,
5.2 (1.3-10) 4.24 (1-8.59) 13 (8.12-15) .0019,**
0.14 (0.03-0.31) 0.12 (0.02-0.22) 0.46 (0.21-0.63) 0019,
43.36+9.45 45.51+8.23 32.20+7.37 .001a,**
3.8 (2.3-6.9) 3.5 (2.2-5.6) 10.4 (6.3-20.3) 0019,

152.5 (119-220) 150 (118.8-204) 202.7 (122.5-336.4) .019¢*
3.1 (2-4.3) 3.1 (2.1-4.4) 2.5 (1.3-3.6) .005¢ **
171 (76.7) 170 (90.9) 1(2.8) .007b**

52 (23.3) 17 (91) 35 (97.2)
5 (4-7) 5 (4-7) 5 (3-7) 157¢
6 (4-10) 6 (4-8) 12 (8-15) .001d*

Abbreviations: CAR, C-reactive protein to albumin ratio; COVID-19, coronavirus disease 2019; ICU, intensive care unit; LMR, lymphocyte—-monocyte ratio; NLR,
neutrophil-lymphocyte ratio; OR, odds ratio; PLR, platelet-lymphocyte ratio.

aStudent-t test.

bPearson Chi-Square test.
°Fisher’s exact test.

dMann Whitney U test, n (%).
*P < .05.**P < .01

diseases.11230 It has also been reported as a predictive marker
of sepsis patients.3! A meta-analysis reported that severe
COVID-19 patients had significantly higher NLR values.?
The NLR was also shown to be an independent risk factor for
severe disease!-?! and an independent factor for poor clinical

outcomes with COVID-19 patients.?? Previous studies dem-
onstrated that the platelet count was significantly lower in
non-survivor COVID-19 patients. The association between
decreased platelet count and increased severity of COVID-19
has been also reported; therefore, it can be considered as the
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Table 2. Univariate and multivariate analyses for predicting mortality in patients with severe COVID-19.

UNIVARIATE MODEL

MULTIVARIATE MODEL

P VALUE 95% CI

P VALUE

95% Cl
Age 1.07 1.04-1.10
Sex (male) 0.59 0.29-1.20
Hypertension 3.18 1.48-6.84
Diabetes 1.90 0.90-4.01
Cardiovascular disease 2.21 0.99-4.96
Cerebrovascular diseases 2.72 0.65-11.45
PNI (<40.2) 40.43 11.79-138.65
CAR (=0.34) 16.11 7.00-37.04
NLR (=6.27) 16.24 6.61-39.91
PLR (=312) 8.24 3.36-20.21
LMR (<7.54) 7.52 3.11-18.19
ICU history 350.00 45.09-2716.96

.001**
140
.002**
.090
.049*
164

.001** 10.85 1.81-65.21 .009**

.001** 10.14 2.07-49.74 .004**
.001** 6.82 1.52-30.66 .012*
.001**
.001**

.001** 226.30 20.66-2478.12 .001**

Abbreviations: CAR, C-reactive protein to albumin ratio; Cl, confidence interval; COVID-19, coronavirus disease 2019; ICU, intensive care unit; LMR, lymphocyte—
monocyte ratio; NLR, neutrophil-lymphocyte ratio; OR, odds ratio; PLR, platelet-lymphocyte ratio; PNI, prognostic nutritional index.

*p < 01,
100 |- Ioi|
- |
80 |-
60 |-
>
> i
£ |
c
$ =
40 |-
i —— hs-CRP/Alb
—PNI
20 — NLR,
—— PLR
— LMR,
0 A BT B B
0 20 40 60 80 100

100-Specificity
Figure 1. ROC curve analyses for the prognostic role of the inflammation
biomarkers in patients with COVID-19.
Abbreviations: CAR, C-reactive protein to albumin ratio; LMR: lymphocyte—

monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte
ratio; PNI, prognostic nutritional index.

indicator of the disease progression throughout hospitaliza-
tion.?8 Recent studies have suggested PLR as a potential
marker for severity of disease!®!” and as a prognostic marker
in patients with COVID-19.17 Low LMR has been also
shown to correlate with disease severity.!’®1? In our study,
higher NLR and higher PLR and lower PNI and lower LMR
were associated with poor outcomes in COVID-19 patients.

The PNI and NLR had higher AUC values than PLR, LMR,
and were independently correlated with an increased in-hos-
pital mortality risk in severe COVID-19 patients.

The CRP is an inflammatory marker regulated by proin-
flammatory cytokines, specifically by interleukin-6 (IL-6). The
systemic inflammatory state, reflected by a high CRP level, is
accompanied by serum albumin concentration, which is often
decreased in this condition.?? The CRP is elevated in most
COVID-19 patients and has been associated with disease
severity®33 and prognosis.3* Hypoalbuminemia was found to be
independently associated with mortality in COVID-19
patients and the inverse relationship between CRP and albu-
min levels in COVID-19 patients might indicate the presence
of an overactive inflammatory state.*

As a novel inflammation-based biomarker, CAR has been
shown to be associated with disease severity and mortality risk
in the ICU setting.”? Recent studies have suggested that the
CAR may reflect infection and inflammatory responses bet-
ter,”? and it can be utilized as a possible marker for COVID-
19 patients. In our study, for predicting mortality in severe
COVID-19 patients, the CAR was found to be superior to
PLR and LMR and similar to NLR and PNI. We also observed
that CAR could be considered an independent predictor of in-
hospital mortality in severe COVID-19 patients.

Besides the SARS-CoV-2 infection, chronic diseases, aging,
in some cases, may affect these inflammatory biomarkers.
However, such superimposed effects may better reflect the
characteristics of severe COVID-19 cases. In a study, Yang
et al?? predicted that NLR and age might be associated with
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Table 3. Results of receiver operating characteristics analysis for inflammation biomarkers in predicting mortality patients with severe COVID-19.

TEST RESULT
VARIABLE (S)

CUT-OFF STD.

PNI <402 0.91 0.03
CAR =0.34 0.81 0.05
NLR >6.27 0.85 0.03
PLR =312 0.63 0.06
LMR <1.54 0.65 0.06

ERROR2

ASYMPTOTIC 95%
CONFIDENCE INTERVAL

P VALUE

LOWER UPPER

BOUND BOUND

0.86 0.94 .001**
0.75 0.86 .001*
0.80 0.90 .001**
0.56 0.69 .019*
0.59 0.71 .005*~

Abbreviations: AUC, areas under the curve; CAR, C-reactive protein to albumin ratio; COVID-19, coronavirus disease 2019; ICU, intensive care unit; LMR, lymphocyte—
monocyte ratio; NLR, neutrophil-lymphocyte ratio; OR, odds ratio; PLR, platelet-lymphocyte ratio; PNI, prognostic nutritional index.

*P <.05.*P <.01.

the severity and prognosis of COVID-19 and concluded that
the NLR was an independent prognostic biomarker for
COVID-19 patients. In our study, CAR, NLR, and PLR were
positively correlated with age, while the PNI was negatively
correlated with age. Additionally, the patients who had =3.4
CAR,=6.27 NLR, =312 PLR, <1.54 LMR, and < 40.2 PNI
were more likely to require ICU support with longer length of
hospital stay. These findings indicate that all these inflammatory
biomarkers, particularly CAR, PNI, and NLR, can be used to
predict the prognosis in severe COVID-19 patients. An
increased CAR and NLR, and decreased PNI may induce sys-
temic inflammatory response syndrome in severe COVID-19
patients.

Limitations

Nonetheless, there are some limitations in this study that need
to be taken into account when interpreting the results. First, it
has a single-center and retrospective design. Second, we evalu-
ated hospitalized severe COVID-19 cases and, therefore, our
results cannot be generalized to all patients with COVID-19,
particularly those with a less severe form of the disease.
Moreover, the heterogeneous population in the present study
was a disadvantage. Various confounding conditions may have
affected the levels of serum CRP, albumin, and other hemato-
logical inflammatory biomarkers, including nutritional status,
age, comorbidities, and undocumented drugs that we cannot
fully manage. The study was conducted in a single center, the
number of patients was small to achieve a subgroup analysis. In
addition, the timing of blood draws is another possible con-
founding factor. In our study, we examined inflammatory bio-
markers only at admission; there was no difference between the
2 groups in terms of mean onset of symptoms and duration of
hospital admission. But over time it may have provided more
information about the prognosis of variation in CAR, NLR,

LMR, PLR, and PNI. However, since the outcome estimation
is designed to investigate the acceptance potential of CAR,
NLR, LMR, PLR, and PNI, it is simply not serially measured
of these markers. Moreover, the heterogeneous population was
a disadvantage in this study. Various confounding conditions
may have affected the levels of serum CRP, albumin, and other
hematological inflammatory biomarkers, including nutritional
status, age, comorbidities, and undocumented medications.
The study was conducted in a single center, the number of
patients was small to achieve a subgroup analysis. In addition,
the timing of blood draws is another possible confounding fac-
tor. In our study, we examined inflammatory biomarkers only at
admission; there was no difference between the 2 groups in
terms of mean onset of symptoms and duration of hospital
admission. The changes in CAR, NLR, LMR, PLR, and PNI
over time might have provided more information about disease
prognosis. However, no continuous CAR, NLR, LMR, PLR,
and PNI values over time were measured in this study, since it
was designed to explore the potential of admission CAR, NLR,
LMR, PLR, and PNI in outcome prediction. Finally, all
patients included in this study met non-strict inclusion criteria,
which may have caused a selection bias. Therefore, we believe
that further multi-center, large-scale, prospective studies are
needed to examine these inflammatory biomarkers accurately
and to identify their predictive value for mortality in severe
COVID-19 patients.

Conclusions

In conclusion, our study results demonstrated that CAR, PNI,
NLR, LMR, and PLR were significantly correlated with prog-
nosis of severe COVID-19 patients. Furthermore, CAR, PNI,
and NLR were significant independent prognostic indicators
with a better discriminative ability than PLR and LMR.
Further studies would provide additional information to this
underexamined field of research.



Aciksari et al

(€°G1-9) L1
«xp00"
(#°99) L1
(9v€) 6
»xal00’
(80¢) 8
(c'69) 8t
alb9
(8°€9) ¥k
(cov) et
q06€°
(c'69) 8t
(80¢) 8
acl0’
(G'19) 91
(g8€) 0t
al€€

ANIVA L

10" > dwx ‘GO > dx

158} 1 Asunym uuepp

'1S9} J0BX® S,J9ysSids

"}s8} a1enbg-1y) uosieadq

1S9} J-UdpNiSe

“xapul [euonuinu onsouboid ‘|Nd ‘onel aikooydwA|-1ejereld ‘Yd ‘ones aikooydwA|—jiydonnau ‘YN ‘ones aikoouow—aikooydwA| ‘YT ‘olel uiwinge o} uisloid aAoeaI-0 ‘HyD suonelnsiqqy

(6-) 9

(6°21) g€

(1'28) 19l

(5'92) 25

(ge2) vyl

(6'vv) 88

(1'5S) 801

(5°05) 66

(56v) L6

(g°19) 1oL

(g°8¥) g6

(G1-2) 11

+x 00"
(#9) 91
(9¢) 6
xx k00’
(o¥) ok
(09) Gt
agel
(99) ¥
() Lb
962"
(e9) €k
(8%) 2k
a€26°
(08) 02
(02) §
+ar00’

INTVA J

(6-v) 9
+xpLOO’
(z'81) 9¢
(8°18) 29t
+xql00’
(8°g2) 1S
(evL) Lyt
a€90°
(6'v7) 68
(1'59) 601
+a8L0°
(e9) S0t
(Lv) €6
€8l
(g6%) 86
(5°09) 0oL
w'al00°

ANIVA L

(#1-9) 8

(209) e

(e'6¥) €€

(8°6€) e

(ev9) ev

(2°89) 6E

(8'1v) 82

(£°6S) OF

(eov) L2

(res) ey

(692) 81

(8-€) g
+x 00"
(G1L) 81
(g'88) 8¢l
k00’
(€2) L&
(€°92) 611
al6l’
(1) ¥9
(69) 26
9800
(09) 82
(05) 82
aS16°
(e'vv) 69
(8°99) 28
wal00’

961 =N

129>
1IN 3NIVAd

(S1-2) o1

(e99) 1t

(8'ev) 2e

(672€) e

(1'29) 6%

(6°89) ev

('1v) og

(r°€9) 68

(99%) ve

(v2) ¥S

(92) 61

(8-€)

(e2) 11

(L'26) 6EL

(Lve) L8

(e's2) el

(ov) 09

(09) 06

(£729) 62

(€L9) 1L

(L2y) ¥9

(e°29) 98

INd

«xp00"

«xqk00°

q50€"

acS0°

av,8’

«xak00’

ANIVA L

(S1-8) 01

(e'89) 82

(1) o2

(ee€) 91

(£99) 2e

(e°89) 82

(Z'1v) 02

(2¥s) 92

(8°g¥) 22

(e18) 6E

(8'81) 6

(8-€) g

(8'cl) ve

(z'98) 0G1

(6'52) S¥

(1'v2) 621

(ger) v

(g°28) oot

(6°29) 26

(1'2v) 28

(8'v¥) 82

(259) 96

vE0 >
E1%)

(€D-1D) uelpay

(skep) [endsoy
Aeys jo yibua

SOA

ON
uoissiwpe NI

SOA

ON
ssjeqelq

SOA

ON
uolsuayadAH

slewsad

oleN
xaS

09<

09>

aby

OlLSIH31OVHVHO

"6L-QIAOD 219A8S Uim sjusied Jo SONSLISIOBIEYD [BDIUIIO B} UM 8U) HINT PUB ‘Hd ‘HIN ‘INd ‘HYD 10 suoleje1iod “p ajqeL



Biomarker Insights

Author Contributions

Conception: Gonil Agiksari, Mustafa Caliskan, Liitfiye Nilsun
Altunal; Design: Mehmet Kocak, Yasemin Cag, Adem Aticy;
Supervision: Kurtulus Agiksari, Mustafa Caliskan; Materials:
Gonil Agiksari, Fatma Betul Celik, Furkan Bolen, Kurtulus
Aciksart; Data collection and processing: Mehmet Kocak,
Yasemin Cag, Liitfiye Nilsun Altunal, Fatma Betul Celik, Furkan
Bolen; Analysis and interpretation: Gonil Agiksari, Mehmet
Kocak, Adem Atici, Mustafa Caliskan; Literature review:
Gontl Agiksar;, Mehmet Kocak, Kurtulus Agiksari, Liitfiye
Nilsun Altunal; Writer: Gonil Agiksari, Mehmet Kocak,
Furkan Bolen; Critical review: Goniil Agiksarr, Mehmet Kocak,
Yasemin Cag, Liitfiye Nilsun Altunal, Adem Atict, Fatma Betul
Celik Furkan Bolen, Kurtulus Agiksari, Mustafa Caliskan.

Ethical Approval

This study was approved by the Istanbul Medeniyet University
and Goztepe Prof. Dr. Suleyman Yalcin City Hospital Ethics
Committee with the Approval No.: 2020/0654.

ORCID iD

Mehmet Kogak (2 https://orcid.org/0000-0003-0782-390X

REFERENCES

1. Chan JFW, Yuan S, Kok KH, et al. A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating person-to person transmission: a
study of a family cluster. Lancez. 2020;395:514-523.

2. XuZ,ShiL, Wang, et al. Pathological findings of COVID-19 associated with
acute respiratory distress syndrome. Lancet Respir Med. 2020;8:420-422.

3. LiK,Wu], WuF,et al. The clinical and chest CT features associated with severe
and critical COVID-19 pneumonia. Invest Radiol. 2020;55:327-331.

4. ZhuN, Zhang D, Wang W, et al. A novel coronavirus from patients with pneu-
monia in China, 2019. N Engl ] Med. 2020;382:727-733.

5. Feng X, Li S, Sun Q, etal. Immune-inflammatory parameters in COVID-19
cases: a systematic review and meta-analysis. Front Med (Lausanne). 2020;7:301.

6. Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in patients with
Coronavirus 19 (COVID-19) in Wuhan, China. Clin Infect Dis. 2020;71:762-768.

7. Kim MH, Ahn JY, Song JE, et al. The C-reactive protein/albumin ratio as an
independent predictor of mortality in patients with severe sepsis or septic shock
treated with early goal-directed therapy. PLoS One. 2019;14:¢225620.

8. Ranzani OT, Zampieri FG, Forte DN, et al. C-reactive protein/albumin ratio
predicts 90-day mortality of septic patients. PLoS One. 2013;8:¢59321.

9. LiL, Dai L, Wang X, et al. Predictive value of the C-reactive protein-to-preal-
bumin ratio in medical ICU patients. Biomark Med. 2017;11:329-337.

10.  Medzhitov R. Origin and physiological roles of inflammation. Nazure. 2008;454:
428-435.

11. Li QQ, Lu ZH, Yang L, et al. Neutrophil count and the inflammation-based
glasgow prognostic score predict survival in patients with advanced gastric can-
cer receiving first-line chemotherapy. Asian Pac J Cancer Prev. 2014;15:945-950.

12.  Ying HQ, Deng QW, He BS, et al. The prognostic value of preoperative NLR,
d-NLR, PLR and LMR for predicting clinical outcome in surgical colorectal
cancer patients. Med Oncol. 2014;31:305.

13.

14.

15.

16.

17.

18.

19.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal
surgery of malnourished cancer patients. Nihon Geka Gakkai Zasshi.
1984;85:1001-1005.

Ikeguchi M, Ashida K, Saito H. New prognostic indicator is useful for predict-
ing the survival of patients with unresectable advanced colorectal cancer. Hepa-
togastroenterology. 2015;62:859-862.

Xiang N, Havers F, Chen T, etal. Use of national pneumonia surveillance to
describe influenzaA(H7N9) virus epidemiology, China, 2004-2013. Emerg
Infect Dis. 2013;19:1784-1790.

Chan AS, Routa A. Use of neutrophil-to-lymphocyte and platelet-to lymphocyte
ratios in COVID-19. J Clin Med Res. 2020;12:448-453.

Qu R, Ling Y, Zhang Y, et al. Platelet-to-lymphocyte ratio is associated with
prognosis in patients with coronavirus disease-19. J Med Virol. 2020;92:
1533-1541.

Lissoni P, Rovelli F, Monzon A, et al. Evidence of abnormally low lymphocyte-
to-monocyte ratio in COVID-19-induced severe acute respiratory syndrome. J
Immunol Allerg. 2020;1:1-6.

Lagunas-Rangel FA. Neutrophil-to-lymphocyte ratio and lymphocyte-to-C-
reactive protein in patients with severe coronavirus disease 2019 (COVID-19): a
meta-analysis. / Med Virol. 2020;92:1733-1734.

Liu Y, Du X, Chen ], et al. Neutrophil-to-lymphocyte ratio as an independent
risk factor for mortality in hospitalized patients with COVID-19. J Infect.
2020;81:e6-¢12.

Xia X, Wen M, Zhan S, etal. An increased neutrophil/lymphocyte ratio is an
early warning signal of severe COVID-19. Nan Fang Yi Ke Da Xue Xue Bao.
2020;40:333-336.

Yang AP, Liu J-P, Tao W-Q,, et al. The diagnostic and predictive role of NLR,
d-NLR and PLR in COVID-19 patients. Int Immunopharmacol. 2020;84:
106504.

Giamarellos-Bourboulis EJ, Netea MG, Rovina N, et al. Complex immune Dys-
regulation in COVID-19 patients with severe respiratory failure. Cel/ Host
Microbe. 2020;27:992-1000.

Wu Z, McGoogan JM. Characteristics of and important lessons from the coro-
navirus disease 2019 (COVID-19) outbreak in China: summary of a report of
72314 cases from the Chinese center for disease control and prevention. JAMA.
2020;323:1239-1242.

Ponti G, Monia Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers asso-
ciated with COVID-19 disease progression. Cri¢ Rev Clin Lab Sci. 2020557
389-399.

Shi'Y, Wang Y, Shao C, et al. COVID-19 infection: the perspectives on immune
responses. Cell Death Differ. 2020;27:1451-1454.

Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G. Hematologic, bio-
chemical and immune biomarker abnormalities associated with severe illness and
mortality in coronavirus disease 2019 (COVID-19): a meta-analysis. Clin Chem
Lab Med. 2020;58:1021-1028.

Kinoshita A, Onoda H, Imai N, et al. Comparison of the prognostic value of
inflammation-based prognostic scores in patients with hepatocellular carcinoma.
BrJ Cancer. 2012;107:988-993.

Teng JJ, Zhang J, Zhang TY, Zhang S, Li BS. Prognostic value of peripheral
blood lymphocyte-to-monocyte ratio in patients with solid tumors: a meta-anal-
ysis. Onco Targets Ther. 2015;9:37-47.

Bhat T, Teli S, Rijal ], et al. Neutrophil to lymphocyte ratio and cardiovascular
diseases: a review. Expert Rev Cardiovasc Ther. 2013;11:55-59.

Huang Z, Fu Z, Huang W, Huang K. Prognostic value of neutrophil-to-lym-
phocyte ratio in sepsis: a meta-analysis. Am | Emerg Med. 2020;38:641-647.
Roxburgh CS, McMillan DC. Cancer and systemic inflammation: treat the
tumour and treat the host. BrJ Cancer. 2014;110:1409-1412.

Chen W, Zheng KI, Liu S, et al. Plasma CRP level is positively associated with
the severity of COVID-19. Ann Clin Microbiol Antimicrob. 2020;19:18.

Luo X, Zhou W, Yan X, et al. Prognostic value of C-reactive protein in patients
with COVID-19. Clin Infect Dis. 2020;23:ciaa641.

Violi F, Cangemi R, Romiti GF, etal. Is albumin predictor of mortality in
COVID-19? Antioxid Redox Signal. Published online June 22, 2020. doi:10.1089/
ars.2020.81


https://orcid.org/0000-0003-0782-390X

