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Abstract

Objectives: This study was designed to compare the immature granulocyte (IG) count, IG-to-lymphocyte ratio (IGLR),
complete blood count (CBC) values, and inflammatory parameters of neutrophil-to-lymphocyte ratio (NLR), plate-
let-to-lymphocyte ratio (PLR), C-reactive protein (CRP), ferritin level, and CRP-to-albumin ratio (CAR) measured at hos-
pital admission in patients with coronavirus disease 2019 (COVID-19) and non-COVID-19 patients and to compare these
parameters between subgroups according to disease severity. In addition, these parameters were evaluated for predic-
tive value related to the severity of COVID-19.

Methods: The data of adult patients admitted with a suspected COVID-19 infection confirmed with real-time poly-
merase chain reaction testing of nasal and pharyngeal swab specimens were included in this retrospective study. Out-
patient COVID-19-positive patients were enrolled in the mild group, hospitalized patients were classified in the moder-
ate group, and patients admitted to the intensive care unit were categorized in the severe group.

Results: A total of 1213 COVID-19-positive patients and 1034 COVID-19-negative patients were included in the
study. The IGLR, NLR, PLR, CRP, CAR, and ferritin levels were significantly higher, and the leukocyte, IG, neutrophil,
lymphocyte, monocyte, basophil, and eosinophil levels were significantly lower in the COVID-19-positive group than
the COVID-19-negative group (p<0.05 for all). The severe group had higher median IG, IGLR, neutrophil, NLR, PLR lev-
els than the mild, moderate, and COVID-19-negative groups (p<0.05 for all). Receiver operating characteristic analy-
sis revealed an area under the curve value for IGLR, CAR, CRP, IG, NLR, and ferritin of 0.868, 0.860, 0.834, 0.848, 0.845,
0.841, and 0.827, respectively, which differentiated severe COVID-19 patients from mild and moderate COVID-19
patients.

Conclusion: The results suggest that the IGLR may be useful to distinguish severe COVID-19 patients at the time
of admission. Further exploration is warranted to fully determine the potential value of the IGLR in disease moni-
toring.

Keywords: C-reactive protein, complete blood count, COVID-19, immature granulocyte, immature granulocyte-to-lym-
phocyte ratio, inflammatory markers

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-Cov-2) in-
fection, was declared a pandemic by the World Health Organi-
zation in March 2020 [1]. Since the first case, identified in late
2019, COVID-19 has affected over 145.2 million people around

the world and caused more than 3.08 million deaths as of April
24,2021 [2]. COVID-19 infection may be asymptomatic or have
clinical manifestations that range from mild to severe, but un-
derstanding the signs upon presentation remains complex [3].
Greater disease severity is associated with poor outcomes and
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higher mortality [4, 5]. Therefore, the ability to determine factors
that will identify severe disease at the time of diagnosis is critical.

Immature granulocytes (IGs) are white blood cells that have not
fully developed during leukopoiesis before release from the
bone marrow. They may include promyelocyte, myelocyte, and
metamyelocyte cells. In healthy individuals, IGs are not typically
released into blood circulation [6-8]. However, infection or in-
flammation can cause the release of IG to peripheral blood [6,
7]. Therefore, 1Gs can be used as inflammatory parameter or an
indicator of the severity of infection [6, 7]. The development of
new automated hematology analyzers has facilitated the easy
identification of IGs, in contrast to a time-consuming manual
platelet count peripheral blood smear [9].

Inflammation has an important role in COVID-19, as in other
viral infections [10]. Several hematological and systemic in-
flammatory parameters have diagnostic and predictive values
[10-12]. The severity of COVID-19 is associated with older age,
male sex, obesity, and comorbidities, such as diabetes mellitus,
cancer, cardiovascular disease, chronic kidney disease, chronic
lung disease, and hypertension [11]. In addition, a number of
hematological and inflammatory parameters have been pro-
posed as predictors of disease severity, including the level of
C-reactive protein (CRP) [13] and ferritin [14], the lymphocyte
(LYM) [15], white blood cell (WBC) [15], basophil (BASO) [12],
neutrophil (NEU) [12], and eosinophil (EOS) counts [16], and
the neutrophil-to-lymphocyte ratio (NLR) [4]. Although it has
been shown that IG levels were elevated in severe COVID-19
patients [17, 18], the ability of the IG and IG-to-lymphocyte
ratio (IGLR) values to distinguish severe COVID-19 patients
from others has not been well established. The objective of
this study was to compare the IG count and IGLR, complete
blood count (CBC) parameters, and other hematological and
systemic inflammatory parameters, namely the NLR, plate-
let-to-lymphocyte ratio (PLR), CRP, ferritin, and the CRP-to-al-
bumin ratio (CAR), measured at hospital admission in patients
with COVID-19 and non-COVID-19 patients and to compare
these parameters between subgroups of disease severity to
evaluate the value for predicting the severity COVID-19.

Materials and Methods

This retrospective study was approved by the Bolu Abant
Izzet Baysal University Clinical Research Ethics Committee (no:
2020/304) and the Republic of Turkey Ministry of Health. Adult
patients admitted with suspected COVID-19 infection to BAIBU
Izzet Baysal Education and Research Hospital between July 1
and November 1, 2020 were enrolled. All of the patients had at
least one of the symptoms of fever, muscle/joint pain, cough,
or sore throat. The laboratory test results of patient samples ob-
tained at the time of presentation to the special area of the emer-
gency department reserved for the COVID-19 pandemic in the
emergency department were used for the study analysis. The
COVID-19-positive group comprised patients who were con-
firmed to be COVID-19-positive with real-time polymerase chain
reaction (RT-PCR) testing of nasal and pharyngeal swab speci-

mens. Patients who presented with the suspicion of COVID-19
infection but whose RT-PCR test was negative were included in
the COVID-19-negative group. The COVID-19-positive patients
were divided into 3 groups: mild (outpatient), moderate (hos-
pitalized), and severe (intensive care unit [ICU] hospitalization).

Age, gender, CBC (Sysmex XN-1000; Sysmex, Kobe, Japan),
CRP, albumin (Architect ¢c8000; Abbott Diagnostics, Lake For-
est, IL, USA), and ferritin (Architect i2000, Abbott Diagnostics,
Lake Forest, IL, USA) data were collected from the laborato-
ry information system, in addition to routine hematological
parameters of hemoglobin (HGB) level, hematocrit (HCT),
red blood cell (RBC) count, mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH) level, mean corpuscu-
lar hemoglobin concentration (MCHC), red cell distribution
width (RDW), platelet (PLT) count, platelet distribution width
(PDW), mean platelet volume (MPV), plateletcrit (PCT) value,
and WBC, NEU, LYM, monocyte (MONO), BASO, EQOS, and IG
counts from the CBC analysis. The NLR, PLR, IGLR, and CAR val-
ues were calculated using the relevant data.

The analysis was performed using IBM SPSS Statistics for Win-
dows, Version 21.0 (IBM Corp., Armonk, NY, USA). The normal-
ity of distribution of the parameters was examined using the
Kolmogorov-Smirnov test. The descriptive statistics were pre-
sented as median (1%-3" quartile values) for non-parametric
distributions and the number of cases (percentage) was used
for categorical variables. Pearson’s chi-squared test was used to
compare categorical variables. Non-parametrically distributed
continuous variables were compared with the Mann-Whitney
U test or the Kruskal-Wallis test. Post-hoc analysis of the Krus-
kal-Wallis test findings was conducted with a Dunn-Bonferroni
pairwise comparison test. The diagnostic value of significant pa-
rameters to differentiate severe COVID-19 patients was assessed
using receiver operating characteristic (ROC) and area under the
ROC curve (AUCQ) analysis with 95% confidence intervals (95%
Cl). Youden's index was used to determine an optimum cut-off
value of associated parameters and corresponding sensitivi-
ty (95% Cl), specificity (95% Cl), positive likelihood ratio (+LR),
and negative likelihood ratio (-LR) values to distinguish severe
COVID-19 patients. P<0.05 was used as the significance level.

Results

A total of 1213 COVID-19-positive patients and 1034
COVID-19-negative patients were included in the study. De-
mographic data, CBC results, and inflammatory parameters of
the 2 initial groups are provided in Table 1. No statistically sig-
nificant difference was observed between the median age of
the COVID-19-positive group (52 years [IQR: 37-69.5]) and the
COVID-19-negative group (51 years [IQR: 35-68]) (p<0.063).
No statistically significant difference was observed in terms
of gender between the groups (p=0.121). The IGLR, NLR, PLR,
CRP, CAR, and ferritin levels were significantly higher, and the
WBC, IG, NEU, LYM, MONO, BASO, and EOS levels were signifi-
cantly lower in the group that was positive for COVID than
those of the COVID-19-negative group (p<0.05 for all).
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Table 1. Comparison of demographic data, complete blood count, and inflammatory parameters between patients with and
without COVID-19 infection

COVID-19 negative COVID-19 positive P
(n=1034) (n=1213)

Age; years 51 (35-68) 52 (37-69.5) 0.063

Gender; Female n (%) 527 (51%) 658 (54.2%) 0.121

HGB; g/dL 14 (12.7-15.3) 13.5(12.2-14.7) <0.001
HCT; % 42.8 (39.5-46.1) 41.4 (38-44.7) <0.001
RBC; 10'%/L 4.9 (4.52-5.29) 4.78 (4.39-5.16) <0.001
MCV; fL 87.5 (84.5-90.2) 87.2 (84.2-90.1) 0.133

MCH; pg 28.8 (27.5-29.9) 28.6 (27.4-29.7) 0.005

MCHGC; g/dL 32.8(32-33.5) 32.7(31.9-33.3) 0.016

RDW; % 12.7 (12.2-13.6) 13(12.3-13.9) <0.001
PLT; 10°/L 263.5 (221-310) 218 (175-264) <0.001
PDW; fL 12.1(11-13.6) 12.4(11.1-13.9) 0.004

MPV; fL 10.5(9.9-11.1) 10.7 (10.1-11.4) <0.001
PCT; % 0.27 (0.23-0.32) 0.23 (0.19-0.28) <0.001
WBC; 10%/L 8.59 (6.93-10.42) 5.98 (4.75-7.67) <0.001
IG; 10°/L 0.03 (0.02-0.04) 0.02 (0.01-0.04) <0.001
NEU; 10%/L 5.15(3.98-6.91) 3.75 (2.74-5.24) <0.001
LYM; 10%/L 2.14 (1.55-2.77) 1.31 (0.94-1.82) <0.001
MONO; 10°%/L 0.71 (0.56-0.91) 0.57 (0.42-0.78) <0.001
BASO; 10°/L 0.04 (0.02-0.05) 0.02 (0.01-0.03) <0.001
EOS; 10°/L 0.12(0.05-0.21) 0.03 (0.01-0.08) <0.001
IGLR 0.013 (0.008-0.025) 0.017 (0.009-0.039) <0.001
NLR 2.3 (1.6-3.86) 2.73(1.72-4.73) <0.001
PLR 126.1 (92.9-172.2) 160.9 (114.7-225.2) <0.001
CRP; mg/L 3.4(0.1-15.5) 12.9 (2.2-54.3) <0.001
CAR 0.08 (0-0.36) 0.29 (0.05-1.44) <0.001
Ferritin; ug/L 50.1(21.1-102.2) 112.7 (40.3-269.8) <0.001
Albumin; g/L 45.1 (42.5-47.3) 42.5(38.1-45.5) <0.001

Data shown as median (15-3 quartile). BASO: Basophil; CAR: CRP-to-albumin ratio; CRP: C-reactive protein; EOS: Eosinophil; HCT: Hematocrit; HGB: Hemoglobin; IG: Immature
granulocyte; IGLR: Immature granulocyte-to-lymphocyte ratio; LYM: Lymphocyte; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration;
MCV: Mean corpuscular volume; MONO: Monocyte; MPV: Mean platelet volume; NEU: Neutrophil; NLR: Neutrophil-to-lymphocyte ratio; PCT: Plateletcrit; PDW: Platelet
distribution width; PLT: Platelet; PLR: Platelet-to-lymphocyte ratio; RBC: Red blood cell; RDW: Red cell distribution width; WBC: White blood count

The demographic data, CBC results, and inflammatory pa-
rameters of the patients who tested negative for COVID-19
and the COVID-19 patients according to classification as mild,
moderate, or severe are shown in Table 2. The mean age was
significantly higher in the severe and moderate groups com-
pared with the mild and negative groups (p<0.05 for all). The
distribution of male gender was significantly higher in the se-
vere group (p<0.05). The severe group had higher mean IG,
IGLR, NEU, NLR, and PLR levels than the mild, moderate, and
COVID-19-negative groups (p<0.05 for all). The mild, moder-
ate, and severe groups had significantly lower LYM levels than
the COVID-19-negative group (p<0.05 for all).

ROC analysis revealed that the IGLR, CAR, CRP, IG, NLR, and fer-
ritin had greater AUC values (0.868, 0.860, 0.848, 0.845, 0.841
and 0.827, respectively) in the leukocyte count parameters of
the CBC as well as hematological and systemic inflammatory

parameters, which distinguished severe COVID-19 patients
from mild and moderate COVID-19 cases (Table 3).

Discussion

One of the burdens caused by the COVID-19 pandemic is the
increased hospital workload. This added workload has been
associated with lower quality of care and higher patient mor-
tality [11]. It is therefore of great importance to identify severe
cases that have a higher mortality risk in order to direct re-
sources appropriately. Several laboratory parameters, such as
the CRP, NLR, NEU, ferritin, and PLR, have been proposed as a
means to classify severe patients [19, 20]. The results of this
study indicate that IG values, which can be easily measured
with new hematology analyzers, and the calculated IGLR were
significantly higher in severe COVID-19 patients. This differ-
entiation was also seen in other hematological inflammatory
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Table 2. Comparison of demographic, complete blood count and inflammatory parameters between groups

COVID-19 negative Mild Moderate Severe p
(n=1034) (n=867) (n=281) (n=65)

Age; years 51 (35-68) 45 (33-60)* 69 (59-78)% 76 (66-83.5)° <0.001
Gender; Female n(%) 527 (51%) 500 (57.7%) 134 (47.7%) 24 (36.9%) <0.001
HGB; g/dL 14 (12.7-15.3) 13.8(12.6-14.9)° 12.8(11.3-14.1)® 12.6 (10.9-13.7) <0.001
HCT; % 42.8 (39.5-46.1) 42.2 (39-45.2) 39.4 (35.1-43.1)* 39.1(33.6-42.3)* <0.001
RBC; 10'%/L 4.9 (4.52-5.29) 4.84 (4.49-5.21) 4.6 (4.01-5.05)* 4.48 (3.83-4.89)* <0.001
MCV; fL 87.5 (84.5-90.2) 87.2 (84.4-89.7) 87.2 (83.4-90.9) 87.6 (83.5-92.1) 0.333

MCH; pg 28.8 (27.5-29.9) 28.6 (27.5-29.7) 28.5 (27.1-29.9) 28.3 (26.7-29.5) 0.023

MCHGC; g/dL 32.8 (32-33.5) 32.7 (32-33.4) 32.6 (31.6-33.3)* 32.3(31.5-33.1) <0.001
RDW; % 12.7 (12.2-13.6) 12.8(12.2-13.5) 13.4 (12.6-14.45)* 14.2 (13.35-15.35)%¢ <0.001
PLT; 10°/L 263.5 (221-310) 220 (179-262)* 203 (158-266)° 232 (174-292)° <0.001
PDW; fL 10.5 (9.9-11.1) 10.7 (10.1-11.3)? 10.8 (10.2-11.5) 11 (10.4-11.6)* <0.001
MPV; fL 12.1 (11-13.6) 123 (11.1-13.8) 12.4(11-14.2) 12.8 (11.35-15.05) 0.011

PCT; % 0.27 (0.23-0.32) 0.23 (0.19-0.28)° 0.22 (0.17-0.29) 0.26 (0.18-0.33) <0.001
WBG; 10°/L 8.59 (6.93-10.42) 5.74 (4.64-7.26) 6.48 (4.85-8.63)* 8.63 (6.21-12.89)" <0.001
IG; 10°/L 0.03 (0.02-0.04) 0.02 (0.01-0.03)® 0.04 (0.02-0.06)%® 0.09 (0.04-0.21)2b< <0.001
NEU; 10%/L 5.15(3.98-6.91) 3.47 (2.51-4.61)° 4.73 (3.33-6.61)* 7.13 (4.83-11.42)2¢ <0.001
LYM; 10%/L 2.14 (1.55-2.77) 1.42(1.07-1.95) 1.07 (0.78-1.45)2® 0.91 (0.63-1.34)® <0.001
MONO; 10°%/L 0.71 (0.56-0.91) 0.61 (0.46-0.81)° 0.48 (0.33-0.7)® 0.46 (0.26-0.66)2° <0.001
BASO; 10°/L 0.04 (0.02-0.05) 0.02 (0.01-0.03)° 0.01 (0.01-0.03)2® 0.02 (0.01-0.03)2® <0.001
EOS; 10°/L 0.12(0.05-0.21) 0.04 (0.01-0.1)° 0.01 (0-0.03)* 0 (0-0.02)® <0.001
IGLR 0.013 (0.008-0.025) 0.013 (0.008-0.026) 0.035 (0.019-0.068)* 0.107 (0.042-0.225)c <0.001
NLR 2.3 (1.6-3.86) 2.28(1.5-3.6) 4.43 (2.89-7.03)* 7.78 (4.34-16.53)¢ <0.001
PLR 126.1(92.9-172.2) 150.2 (109.8-204.7)° 192.8 (130.4-271.6) 265.9 (177.7-438.7)*¢ <0.001
CRP; mg/L 3.4 (0.1-15.5) 6.65 (1-21.23) 78.2 (32.2-131.4)® 128.4 (71.18-189.38) <0.001
CAR 0.08 (0-0.36) 0.15 (0.02-0.49)° 2.2 (0.85-3.6)* 4.03 (2.37-6.38)® <0.001
Ferritin; pg/L 50.1(21.1-102.2) 83.1 (30.8-166)° 269.5 (131.5-627)*® 606.9 (265.8-1413.2) <0.001
Albumin; g/L 45.1 (42.5-47.3) 43.8 (41.2-46.2) 37.4 (34.9-40.5)%® 34.1 (29.7-36.7)° <0.001

Data shown as median (15-3 quartile). % Significantly differs from COVID-19 negative group; ®: Significantly differs from mild group; <: Significantly differs from moderate group.
BASO: Basophil; CAR: CRP-to-albumin ratio; CRP: C-reactive protein; EOS: Eosinophil; HCT: Hematocrit; HGB: Hemoglobin; IG: Immature granulocyte; IGLR: Immature granulocyte-

to-lymphocyte ratio; LYM: Lymphocyte; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; MCV: Mean corpuscular volume;
MONO: Monocyte; MPV: Mean platelet volume; NEU: Neutrophil; NLR: Neutrophil-to-lymphocyte ratio; PCT: Plateletcrit; PDW: Platelet distribution width; PLT: Platelet;
PLR: Platelet-to-lymphocyte ratio; RBC: Red blood cell; RDW: Red cell distribution width; WBC: White blood count

parameters, such as the NEU, NLR, and PLR, as well as systemic
inflammatory parameters of CRP, CAR, and ferritin level.

Alnor et al. [17] reported that COVID-19 patients had low-
er |G levels than those who tested negative, and that severe
COVID-19 patients had a higher IG value than non-severe
patients. It has also been noted that COVID-19 patients who
needed to be admitted to an intensive care unit (ICU) had a
higher IG level than those who did not require intensive care
[18]. Linssen et al. [21] compared critical and non-critical
COVID-19 patients and reported that the severe patient group
had higher IG and IGLR values. Similarly, we observed that the
median |G value was higher in the more patient groups with
more significant disease. The IGLR value was also significantly
higher in the severe disease group than in the other groups.
IGs are progenitor cells and immature granulopoiesis has been
reported to mirror activation and left shift in the bone marrow
[22]. NEU left shift is known to be associated with bacterial in-

fection [23]. Therefore, the increase in the IG value observed
in the severe and moderate patient groups was thought to be
related to COVID-19 rather than a bacterial superinfection.

Several parameters have been proposed to distinguish severe
COVID-19 patients. Wang et al. [20] evaluated the diagnostic ef-
ficacy of several hematological parameters as a method of dif-
ferentiating moderate from severe COVID-19 cases and report-
ed AUC values for WBC, NEU, NLR, and PLR of 0.652, 0.726, 0.890,
and 0.842, respectively. Yang et al. [10] reported NLR, CRP, and
PLR AUC values of 0.841,0.714, and 0.784. In another study that
set out to examine a means to discern severe cases, the NLR,
WBC, NEU, LYM, CRP, and ferritin AUC was 0.831, 0.693, 0.765,
0.737, 0.816, and 0.752, respectively [24]. Other researchers
observed an AUC for NLR and LYM of 0.98 and 0.092, respec-
tively [25]. We found that the IG and IGLR values could reliably
discriminate severe COVID-19 cases. The IGLR had a higher AUC
value (0.868) than the IG, CRP, ferritin, CAR, NLR, PLR, NEU, LYM,



Alisik, Immature granulocyte in COVID-19 / doi: 10.14744/ijmb.2021.03164

147

Table 3. The receiver operating characteristic curve analysis of the hematological and systemic inflammatory markers for severe
COVID-19 patients

AUC (95% Cl) Cutoff Sensitivity (95% Cl) Specificity (95% ClI) +LR -LR p

IG; 10%/L 0.845 (0.823 to 0.865) >0.03 89.2 (79.1-95.6) 70.1 (67.4-72.8) 2.99 0.15 <0.001
IGLR 0.868 (0.848 to 0.887) >0.041 78.5 (66.5-87.7) 79.7 (77.3-82.0) 3.87 0.27 <0.001
WBC; 10°/L 0.758 (0.733 t0 0.782) >8.14 60.0 (47.1-72.0) 81.5(79.1-83.7) 3.23 0.49 <0.001
NEU; 10%/L 0.824 (0.801 to 0.845) >4.58 83.1(71.7-91.2) 68.1 (65.3-70.8) 261 0.25 <0.001
LYM; 10%/L 0.718 (0.692 to 0.743) <1.16 72.3 (59.8-82.7) 62.6 (59.8-65.4) 1.93 0.44 <0.001
MONO; 10°%/L 0.630 (0.602 to 0.657) <0.47 56.9 (44.0-69.2) 66.9 (64.1-69.6) 1.72 0.64 0.002

BASO; 10°/L 0.534 (0.506 to 0.563) >0.06 12.3(5.5-22.8) 96.9 (95.7-97.8) 3.92 0.91 0.362

EOS; 10°/L 0.702 (0.676 to 0.728) <0.02 80.0 (68.2-88.9) 52.2 (49.2-55.1) 1.67 0.38 <0.001
NLR 0.841 (0.819t0 0.861) >3.88 83.1(71.7-91.2) 69.9 (67.2-72.6) 2.76 0.24 <0.001
PLR 0.725 (0.699 to 0.750) >210.84 66.2 (53.4-77.4) 73.0 (70.3-75.5) 2.45 0.46 <0.001
CRP; mg/L 0.848 (0.825 to 0.868) >49.5 82.8(70.6-91.4) 76.8 (74.2-79.3) 3.57 0.22 <0.001
CAR 0.860 (0.838 to 0.880) >1.21 86.2 (74.6-93.9) 75.9 (73.2-78.5) 3.58 0.18 <0.001
Ferritin; pg/L 0.827 (0.803 to 0.849) >237.67 82.1 (69.6-91.1) 75.4 (72.7-78.0) 3.34 0.24 <0.001

WBC: white blood count, NEU: neutrophil, LYM: lymphocyte, MONO: monocyte, BASO: basophil, EOS: eosinophil, IG: immature granulocyte, CRP: C-reactive protein,

NLR: neutrophil to lymphocyte ratio, PLR: platelet to lymphocyte ratio, CAR: CRP to albumin ratio, IGLR: immature granulocyte to lymphocyte ratio; AUC: Area under curve;
BASO: Basophil; CAR: CRP-to-albumin ratio; Cl: Confidence interval; CRP: C-reactive protein; EOS: Eosinophil; IG: Immature granulocyte; IGLR: Immature granulocyte-to-
lymphocyte ratio; LR: Likelihood ratio; LYM: Lymphocyte; MONO: Monocyte; NEU: Neutrophil; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio;

WBC: White blood count

and WBC measures (Table 3). As seen in the literature, hemato-
logical parameters (such as NEU, NLR, and PLR) and systemic in-
flammatory parameters (such as CRP and ferritin) can separate
severe patients from mild and moderate. However, our results
indicated that an IGLR cut-off of 0.041 and an AUC of 0.868 pro-
duced a sensitivity of 78.46% and a specificity 79.7% for seg-
regating severe patients from non-severe patients, which sug-
gests that the IGLR is the most effective of the studied markers
as a method to distinguish the severity of disease.

Alnor et al. [17] found that both the WBC count and individu-
al WBC parameters were lower in COVID-19 positive patients
compared with negative patients. Another study also indicated
that COVID-19-positive patients had lower WBC levels, but in
that research, the WBC parameters were expressed as percent-
ages and the NEU percentage was higher while the percent-
age of LYM was lower in COVID-19-positive patients [26]. It was
also stated in another study that COVID-19-positive patients
had lower WBC and NEU levels [27]. These results were consis-
tent with research in which COVID-19 patients were grouped
according to their need for ICU care, and significantly higher
WBC, NEU, and IG counts as well as low LYM values were seen
in those who needed ICU hospitalization [18]. Wang et al. [20]
reported that high WBC and NEU values and low LYM and EOS
values were recorded in severe COVID-19 patients. Anurag et al.
[28] also reported that WBC and WBC parameters were lower in
the COVID-19 positive group compared with a negative group.
We also found that the WBC and WBC parameters were lower
in the mild COVID-19 group in comparison with the COVID-19
negative group. In addition, we observed a left shift, support-
ed by the increase in IG, with an increasing trend seen in WBC
and NEU levels and a decreasing trend in LYM, MONO, EOS, and

BASO values in the severe patient group. These results support
the idea that COVID-19 infection has an effect of decreasing the
WBC count and its parameters. The virus is thought to invade
lymphocytes via angiotensin-converting enzyme 2 receptors,
resulting in apoptosis or the suppression of lymphocyte pro-
duction in the bone marrow due to a cytokine storm [15, 29].
Decreased BASO and EOS values in severe patient groups may
be associated with consumption while clearing the virus. An ele-
vated NEU count in severe and moderate groups may be related
to inflammation induced by the virus, which is also supported
by higher levels of CRP and ferritin in these COVID-19 patients.

CRP and ferritin are acute phase reactants and are used as bio-
markers of inflammation and infection [14, 30]. The CAR has
previously been used as a marker of sepsis and activity of au-
toimmune disease [31]. In addition, NLR and PLR values are also
used as inflammatory markers [5]. It has been demonstrated
that the CRP and ferritin values were high in COVID-19 patients,
and that they were particularly high in severe cases requiring
ICU care [18]. The NLR, PLR, and CRP values have been shown
to be higher in COVID-19 positive patients [32]. In addition, the
NLR and PLR values have been shown to be higher in patients
with severe COVID-19 disease [10, 20, 33]. The findings of a me-
ta-analysis indicated that COVID-19 patients had higher CRP
values, and demonstrated a correlation between disease se-
verity and CRP level [15]. Similarly, the NLR and PLR have been
shown to be markers of disease severity [29]. In the present
study, the NLR, PLR, CRP, CAR, and ferritin values were higher
in COVID-19-positive patients. All of these parameters, with the
exception of NLR, were found to be higher in the mild COVID-19
group when compared with the COVID-19-negative group. In
the moderate group, all of the parameters were significant-
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ly higher than those of both the mild group and the negative
group. Similarly, in the severe COVID-19 group, all of the param-
eters were significantly higher than those of the mild and neg-
ative groups. When the severe COVID-19 group was compared
with the mild COVID-19 group, although a higher value was
detected in all parameter values, a statistically significance was
only found in the NLR and PLR parameters. This suggests that
COVID-19 disease causes an increase in inflammatory parame-
ters and that this increment grows in relation to the severity of
the disease. The current study findings also indicate that both
hematological and systemic inflammation markers were higher
in the presence of COVID-19 disease, and that this increase was
greater in the severe disease group. In addition, the CAR had
a higher AUC value (0.860) with a cutoff point of >1.21 in ROC
analysis than CRP (AUC: 0.848, cutoff: 49.5). Thus, we think that
this ratio may be more beneficial than using CRP alone as a tool
for distinguishing severe COVID-19 cases.

A lower RBC count and associated parameters in patients with
more severe disease activity may be associated with the result-
ing hypoxia and inflammation related to COVID-19 [21]. Stud-
ies have shown that HGB and RBC values were lower in severe
cases [18, 20, 21]. The results of a meta-analysis also found that
the HGB level was lower in severe disease than mild infection
[34]. In contrast, some studies have shown no significant dif-
ference in HGB level according to the severity of COVID-19 [35,
36]. In the current study, the erythrocyte count and its associ-
ated parameters were significantly lower in COVID-19 patients.
The RBC, HCT, HGB, and MCHC values were lower in the mod-
erate and severe groups than the mild and negative COVID-19
groups. The HGB values in moderate and severe patients were
found to be lower than those of the mild and negative patients.
An insignificant decrease was observed between the severe
and moderate groups. These different results may be related to
hypoxia and inflammation processes according to the time of
evaluation of patients after the onset of disease.

Ok et al. [5] reported that COVID-19-positive patients had
lower PLT values. We also found that the PLT level was lower
in the COVID-19-positive group than in the negative group.
While some studies have indicated no difference in the PLT
value when comparing severe and non-severe patients [20,
21, 36], it has also been demonstrated that patients with se-
vere disease had a lower PLT level [17]. In the current study, no
significant difference was found in the PLT level of the severe
and non-severe COVID-19 groups. These differences between
studies may be related to the proportion of patients enrolled
with various comorbidities that may affect the PLT level.

This study has several limitations. First, we were unable to
compare results obtained using different products or hemo-
gram devices. Second, patient comorbidities, which could af-
fect the test results, were not evaluated in this study, which
limits the ability to generalize the results. Finally, due to the
cross-sectional design, it is difficult to conclude prognostic
value for mortality risk, despite the changes in parameters in
severe COVID-19 patients.

Conclusion

In conclusion, the results of this study demonstrated signifi-
cant CBC and systemic inflammatory parameter changes as-
sociated with COVID-19 and the changes varied according to
disease severity. Erythrocyte and associated parameters de-
creased with greater disease severity. With greater severity of
disease, the IG, WBC and NEU tended to increase, following an
initial decrease. Our results suggest that the IGLR may enable
differentiation of severe COVID-19 cases at the time of presen-
tation; however, additional work in this area is warranted to
further examine the potential value of the IGLR in the progno-
sis and monitoring of COVID-19.
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