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ABSTRACT

Introduction: COVID-19 is a rapidly progressive viral disease and early diagnosis is important. We aimed to analyze the hematolog-
ical parameters that can assist in early detection of severe COVID-19 pneumonia and to determine the significance of demographic
characteristics and laboratory parameters in predicting progression to severe disease in mild-to-moderate COVID-19 pneumonia.

Materials and Methods: This study included 336 patients with COVID-19 pneumonia. Patients’ demographic data and laboratory
findings were obtained retrospectively. The patients were divided into two groups: mild-to-moderate and severe pneumonia.

Results: Of 336, 152 patients had mild-to-moderate and 184 had severe COVID-19 pneumonia. White blood cell, aspartate amino-
transferase, fibrinogen, D-dimer, procalcitonin, ferritin, troponin, C-reactive protein levels, systemic inflammatory index, and absolute
neutrophil (N) count, as well as N-to-lymphocyte (L), monocyte (M)-to-L, and platelet-to-L ratios were significantly higher in severe
pneumonia than mild-to-moderate ones. Albumin level, absolute L and M count, and erythrocyte distribution width were significantly
lower in severe pneumonia. The most common comorbidities were hypertension, diabetes, chronic obstructive pulmonary disease.

Conclusion: Findings of this study suggest that some laboratory parameters have prrognostic value in COVID-19 patients are beneficial
and frequent follow-ups of selected laboratory parameters can play a key role, especially in patients with comorbidities and advanced
age due to the increased risk of severity.
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Giris: COVID-19 hizla gelisen viral bir hastaliktir ve erken teshis 6nemlidir. Siddetli COVID-19 pndmonisinin erken teshisine yardimci
olabilecek hematolojik parametreleri analiz etmeyi ve hafif orta siddette COVID-19 pnémonisinde ciddi hastaliga ilerlemeyi 6ngérmede
demografik 6zelliklerin ve laboratuvar parametrelerinin nemini belirlemeyi amagladik.

Materyal ve Metod: Bu calismaya COVID-19 pnémonisi olan 336 hasta dahil edildi. Hastalarin demografik verileri ve laboratuvar
bulgulari retrospektif olarak elde edildi. Hastalar hafif-orta ve siddetli pnémoni olmak tizere iki gruba ayrildi.

Bulgular: 336 hastanin 152 sinde hdfif-orta siddetli, 184 ‘linde siddetli COVID-19 pnémonisi vardi. Beyaz kan hticresi, aspartat aminot-
ransferaz, fibrinojen, D-dimer, prokalsitonin, ferritin, troponin, C-reaktif protein seviyeleri, sistemik inflamatuar indeks ve mutlak nétrofil
(N) sayisinin yani sira N-lenfosit (L), monosit (M)-L ve trombosit-L oranlari, siddetli pnémonide hafif-orta siddette olanlara gére anlamli
olarak daha yiiksekti. Agir pnémonide albiimin diizeyi, mutlak L ve M sayisi ve eritrosit dagilim genisligi anlamli olarak daha diisiiktdi.
En sik eslik eden hastaliklar hipertansiyon, diyabet, kronik obstriiktif akciger hastaligi idi.

Sonug: Bu calismanin bulgulari, COVID-19’da prognostik laboratuvar testlerinin faydali oldugunu ve segilen laboratuvar parametrele-
rinin sik takip edilmesinin, artan siddet riski nedeniyle ézellikle komorbiditeli ve ileri yastaki hastalarda onemli bir rol oynayabilecegini
diistindtirmektedir.

Anahtar Kelimeler: COVID-19 pnémonisi; Hematolojik parametreler; Demografik ézellikler; Komorbiditeler

INTRODUCTION toms, severe pneumonia that may require admis-
sion to the intensive care unit, adult respiratory

break of novel coronavirus disease 2019 (COV- distress syndrome, diffuse intravascular coagula-

ID-19)induced pneumonia was first identified in ~ HON, Sepsis, organ failure, and even death. While
Wuhan, Chinal’l. COVID-19 is caused by severe ~ the most common symptoms of COVID-19 are
fever, cough, fatigue, pain, dyspnea, hemoptysis,
and diarrhea, other symptoms such as myalgia,

In early December 2019, an ongoing out-

acute respiratory syndrome coronavirus 2 (SARS-
CoV-2); the virus is spreads rapidly, infecting

millions of people and resulting in many deaths headache, and loss of sell’gsgl of taste and smell
worldwide3]. A long incubation period and high have also been reported™®. COVID-19-related

infection rates increase COVID-19 transmissiondl. ~ morbidity and mortality have been associated with
SARS-CoV-2, a member of the Betacoronavirus advanced age, male gender, and comorbid dis-
genus of the Coronaviridae family, is an enveloped, eases!!l. On computed tomography (CT), bilateral
positive single-stranded ribonucleic acid  virus?. pneumonia or ground-glass opacity is generally

Upon entering the patient through the nasal and observed in the lungsm.

pharyngeal mucous membranes, SARS-CoV-2 viri- The severity of the disease in patients with
ons settle in the lungs via respiration and in the COVID-19 could be attributed to the exaggerated
heart, kidneys, lungs, gastrointestinal system, and immune response due to SARS-CoV-2 infection

vascular endothelial cells with their viremial®!.

leading to an inflammatory cytokine storm, which
eventually results in acute respiratory distress syn-
drome and multi-organ failure!®!. Considering the

high rates of morbidity and mortality associated

The virus is transmitted through direct con-
tacts or small droplets. Asymptomatic infection
can lead to mild upper respiratory tract symp-
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with the disease, both early diagnosis and de-
termination of demographic and laboratory fac-
tors predicting prognosis are crucial. In severe
COVID-19 pneumonia, hematological and bio-
chemical parameters may be indicators of early
inflammation!>8-9.  This study aimed to analyze
the hematological parameters that can assist in
the early detection of severe COVID-19 pneu-
monia and to determine the significance of de-
mographic characteristics and laboratory parame-
ters in predicting in severe and mild-to-moderate
COVID-19 pneumonia.

MATERIALS and METHODS

Study Design,
Collection

Participants, and Data

This retrospective study included 336 patients
diagnosed with COVID-19 pneumonia who were
hospitalized between April 2020 and November
2020. Patients’ demographic characteristics, med-
ical history, laboratory, and radiological findings
(real-time RT-PCR test of nasopharyngeal swab
samples) were retrospectively obtained from elec-
tronic medical records.

According to the COVID-19 pneumonia diag-
nosis and treatment program of the Ministry of
Health, patients were classified into two groups:
those with mild-to-moderate pneumonia and those
with severe pneumonia. As per the clinical clas-
sification criteria, patients with mild-to-moderate
COVID-19 pneumonia have mild lung involve-
ment on thorax CT, resting oxygen saturation
=90%, respiratory rate <30 breaths/min, with a
mask or nasal cannula with or without oxygen,
and arterial partial pressure of oxygen (PaO,)/
inspired oxygen fraction (FiO,) >300 mmHg.
Patients with severe pneumonia have wide-
spread involvement on thorax CT, tachypnea or
orthopnea with resting oxygen saturation of
<90%, respiratory rate =30 breaths/min, and
oxygenation index PaO,/FiO, <300 mmHg, and
receive oxygen therapy with a reservoir mask or
continuous positive airway pressure deviceltl,

Hematological; white blood cell count (WBC),
hematocrit (Hct), absolute neutrophil count (ANC),
absolute lymphocyte count (ALS), absolute mono-
cyte count (AMS), mean platelet volume (MPV),
erythrocyte distribution width (RDW), neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ra-

tio (PLR), monocyte/lymphocyte ratio (MLR) and
biochemical; alanine aminotransferase (ALT), as-
partate aminotransferase (AST), total bilirubin,
creatinine, creatinine kinase (CK), procalcitonin,
ferritin, troponin, albumin, coagulation (fibrinogen,
D-dimer), erythrocyte sedimentation rate (ESR),
C reactive protein (CRP) were part of routine
blood analysis in COVID-19 cases. In addition,
the systemic inflammatory index (SI) score was
calculated in addition to the available datallll.

Sll= platelet count x neutrophil count/lympho-
cyte count,

NLR= absolute neutrophil count/absolute lym-
phocyte count,

PLR= absolute PLT/absolute lymphocyte count
formulas were used.

Real-time PCR (RT-PCR) analyzes were per-
formed in Inonu and Firat University Hospital
Medical Microbiology Laboratories. Those un-
der the age of 18 had clinical findings and/or
pneumonia findings consistent with COVID-19 in
Thorax CT, and cases negative for RT-PCR test
were excluded from the study. The study pro-
tocol complied with the Helsinki Declaration of
ethics and the study was approved by the Uni-
versity Clinical Research Ethics Committee with
the decision dated 17.09.2020 and numbered
2020/12-15.

RESULTS

Of the mild-to-moderate pneumonia cases, 86
were men and 66 were women (age range
527 + 2.1). Of the patients with severe
pneumonia, 103 were men and 81 were women
(age range 67.9 = 1.6). Mild-to-moderate and
severe pneumonia was mostly detected in male
gender, but there was no statistically significant
difference between the two groups in terms
of gender (p> 0.05). The mean age of the
patients with severe pneumonia was higher and
this was statistically significant (p: 0.001). WBC,
AST, ALT, CK, creatinine, fibrinogen, D-dimer,
procalcitonin, ferritin, troponin, CRP, ESR levels,
SII, MNS, NLR, MLR, PLR were higher in
severe pneumonia than mild-to-moderate ones
and were statistically significant (p< 0.05).

Albumin levels, Hct, MLS, MMS and RDW
were statistically significantly lower in patients with
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severe pneumonia (p< 0.05). MPV level was found
to be slightly increased in severe pneumonia cases,
but it was not statistically significant (p> 0.05).
No statistically significant difference was observed
between the cases with mild-to-moderate and severe
pneumonia in terms of platelet levels (p: 0.140).
PTT was longer in patients with severe pneumonia,
but this was not statistically significant (p> 0.05).
Demographic data and laboratory parameters of
patients with COVID-19 mild-to-moderate and
severe pneumonia are presented in Table 1.

While all cases with  mild-to-moderate
pneumonia were discharged, 73 cases followed
in the ICU with severe pneumonia died (39.7%).
While the most common complaints in patients
with severe pneumonia were dyspnea (45.6%),
fatigue (11.9%), fever (11.9%), muscle-joint pain
(8.7%), the most common complaints in patients
with mild pneumonia were; Cough (21.7%),
fatigue (17.8%), fever (13.2%), shortness of
breath (12.5%). Symptoms seen in patients with
COVID-19 mild-to-moderate and severe pneumonia

Table 1. Demographic data and laboratory parameters of COVID-19 mild-moderate and severe

pneumonia patients

Mild-moderate pneumonia Severe pneumonia P
Sex (male/female) 86/66 103/81 0.186
Age (year) 52.7 £ 2.1 (18-87) 68.0 + 1.6 (19-96) 0.001
WBC (10%/L) 6482.9 + 283.7 8814.1 +438.4 0.001
AST (U/L) 328+1.6 48.1 +3.1 0.001
ALT (U/L) 29.3 +3.1 34.0 £ 3.1 0.118
CK (IU/L) 141.7 £ 18.1 312.0 £ 58.4 0.008
Platelet count (x10%/L) 206470 + 7724.9 221390 £ 9558.1 0.140
PT (sec) 12.2+0.6 13.7+£0.5 0.090
Creatinine (mg/dL) 0.9+0.1 1.2+0.1 0.043
Albumin (g/L) 40.1+£0.5 32.8+0.5 0.001
Fibrinogen (g/L) 3.8+0.3 6.3+0.3 0.001
D-dimer (ug/mL) 788.3 +126.1 2927.0 + 629.6 0.001
Sl 568.5 +43.5 2439.0 + 295.1 0.001
Procalcitonin (ug/L) 0.07 £0.017 0.7+0.14 0.003
Ferritin (ug/L) 152.8 +18.5 418.9 £37.8 0.001
Troponin (ng/L) 8.05+1.7 118.7 £81.8 0.002
Neutrophil count (x10%/L) 39+0.2 7.1+03 0.001
Lymphocyte count (x10°%/L) 1.7+£0.1 1.0+ 0.1 0.001
Monocyte count (x10%/L) 0.7+0.1 0.6 +0.1 0.004
HCT (%) 41.1+0.6 38.9+0.6 0.004
NLR 29+0.2 104+ 1.1 0.001
MLR 0.5+ 0.04 0.7 £0.1 0.001
PLR 148.0 + 10.5 287.8 +19.1 0.001
MPV (fL) 8.3+0.1 8.3+0.1 0.090
RDW (%) 15.8+1.7 14.8+0.2 0.009
CRP (mg/L) 20.8+3.0 114.2+9.3 0.001
ESR (mm/h) 223+34 403 +£3.7 0.040

HCT: Hematocrit, MPV: Mean platelet volume, RDW: Erythrocyte distribution width, NLR: Neutrophil/lymphocyte ratio, PLR: Platelet/
lymphocyte ratio, MLR: Monocyte/lymphocyte ratio, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, CK: Creatinine
kinase, ESR: Erythrocyte sedimentation rate, CRP: C reactive protein, Sll: Systemic inflammatory index, PT: Protrombin time.
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Table 2. Symptoms seen in patients with severe and mild pneumonia

Severe pneumonia (n: 184) n (%)

Mild-moderate pneumonia (n: 152) n (%)

Shortness of breath
Fatigue

Fever

Muscle-joint pain
Cough

Anorexia

Headache

Chest pain

Sputum

Diarrhea

Throat ache
Nausea and vomiting

Dizziness

84 (45.65)
22 (11.95)
22 (11.95)
16 (8.70)
11 (5.98)
9 (4.89)
5(2.72)
3(1.63)
3(1.63)
3(1.63)
2(1.09)
2(1.09)
2(1.09)

are given in Table 2. Forty-four of the cases with
mild-moderate pneumonia and 109 of the cases
with severe pneumonia had comorbid diseases.
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Figure 1. Receiver operating characteristic curves for systemic

inflammatory index.
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10 (6.58)
1(0.66)
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3(1.97)
5(3.29)
8 (5.26)

The most common comorbid diseases in patients
with mild-moderate and severe pneumonia are
hypertension  (17.1%, 66.7%, respectively),
diabetes mellitus (DM) (9.2%, 29.7%, respectively),
chronic obstructive pulmonary disease (COPD)
(5.3%, 16.5%, respectively) and cardiovascular
disease (5.3%, 11%, respectively).

Based on the ROC curve, the area under
the curve (AUC) for the systemic inflammatory
index in predicting disease severity in COVID-19
patients was 0.820 (p= 0.000) (Figure 1, Table
3). According to the results of the likelihood ratio
test, the cut-off value for SII was 1447 (sensitivity
55.4% and specificity 96%).

DISCUSSION

COVID-19 is a rapidly developing viral disease
and early diagnosis is important!?. Thus, accurate
and timely prognostic evaluation is required to
improve patient management[lz]. Studies have
reported a relationship between male gender
and severe pneumonia[13*14]. In a study, it was
emphasized that the risk factors contributing to

Table 3. AUC and cut-off values for the systemic inflammatory index in predicting disease severity in

COVID-19 patients
AUC

Cut-off value

Sensitivity

Specificity 95% ClI p

Sl 0.820

1447

0.554

0.960 0.757-0.883 0.000

SlI: Systemic inflammatory index.
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serious disease in COVID-19 pneumonia are
male gender, together with comorbidities such as
advanced age, hypertension, and DMl Baloch
et al.19 found that severe prognosis is more
common especially in older men.

Ghweil et al.l1® identified DM, hypertension,
and ischemic heart disease as the most common
chronic  diseases among the comorbidities
associated with COVID-19. In our study,
comorbidities were found in 44 cases with mild-to-
moderate pneumonia and 109 cases with severe
pneumonia. The most common comorbidities
were hypertension (17.1%, 66.7%, respectively),
diabetes mellitus (DM) (9.2%, 29.7%, respectively),
chronic  obstructive pulmonary disease (COPD)
(5.3%, 16.5%, respectively) and cardiovascular
disease (5.3%, 11%, respectively), and the vast
majority of our patients were male. The mean
age of our patients with severe pneumonia was
significantly higher.

In a study neutrophilia, lymphopenia,
thrombocytopenia, increased CRP, procalcitonin,
D-dimer, lactate, liver enzyme levels and
decreased renal function values and the presence
of hypercoagulation in patients who need to be
hospitalized in the ICU have been determined
to be demonstrative parametersl®. The patients
with severe COVID-19 have lower MLS and
percentages and higher WBC and neutrophil
levels!”). In another study, lymphopenia, high CRP,
ESR and ferritin were found to be associated with
COVID-1919 In a study, it was suggested that
the decrease in MLS and the use of NLR could
be a biomarker for early diagnosis[17]. A study
found that patients hospitalized with COVID-19
had higher WBC and MNS as well as lower MLS
in those with severe symptoms[lg].

It has been shown that lymphopenia,
leukocytosis, increased ANC as well as CRP,
procalcitonin, ESR, ferritin, and NLR are the most
common findings observed during the progression
from mild-to-moderate to critical state and are
positively associated with disease severity[19]. In
meta-analysis related to the COVID-19 outbreak,
high ESR, CRP, ferritin, and procalcitonin were
observed among severe patients with COVID-193!,
Gong et al.[20] reported that higher serum CRP,
direct bilirubin and creatinine levels, and lower

albumin were associated with severe disease and
disease progression. In our study, consistent with
all these studies, WBC, procalcitonin, ferritin,
CRP, ESR levels, MNS, NLR were found to
be statistically higher in patients with severe
pneumonia compared to patients with mild-to-
moderate pneumonia.

Chen et all2ll reported that liver function
tests were significantly higher in severe cases
compared to mild cases. In addition, in critically ill
patients, it was observed that total bilirubin, blood
urea nitrogen (BUN) and creatinine increased in
addition to elevation of CK, AST and ALT®l. In
our study, in accordance with the studies, it was
found that AST, ALT, CK and creatinine levels
were higher in cases with severe pneumonia
than cases with mild-to-moderate pneumonia.
Albumin levels were found to be low in severe
patients[lgl. It has been reported that low serum
albumin levels are significantly associated with
the severity of COVID-19, and it has been
emphasized that albumin levels tend to decrease
during disease progressionlf”w]. In this study, it
is noteworthy that serum albumin levels were
lower in patients with severe pneumonia. High
troponin levels in COVID-19 patients have been
reported as a risk factor for severe pneumonia
cases, and an increase in cardiac troponin levels
has been found in 7-20% of severe cases®-22. In
this study, troponin levels were higher in patients
with severe pneumonia.

Lippi et al.23! showed that patients with severe
symptoms had lower hemoglobin and Hct levels
than those with mild symptoms. In COVID-19
patients with severe disease, MPV was higher,
while platelet count, hemoglobin and Hct levels
were lower, MPV was found to be significantly
higher in severe cases than in mild cases!”). In our
study, MPV levels were higher in patients with
severe pneumonia, although the difference was
not statistically significant; however, hematocrit
levels in patients with severe penumonia were
significantly lower. A study involving 1,099
patients found that 57.5% of patients in the ICU
have thrombocytopenia[z]. Lippi et al.[24] reported
significant thrombocytopenia in patients with
severe COVID-19 and that thrombocytopenia can
be evaluated as an indicator during the progression
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of the disease. It has been reported that there was
a significant increase in D-dimer levels in patients
with severe diseasel?2%). Increased D-dimer levels
are associated with poor prognosis in patients
infected with COVID-1912. Available data show
that patients with severe COVID-19 often have
high D-dimer levels (46.4%)[22]. Patients with
severe COVID-19 have thrombocytopenia and
higher D-dimer levels, as well as prolonged PTT
values. Gao et al.20 significantly  correlated
D-dimer and fibrinogen values with the severity
of the disease and suggested that higher D-dimer
levels were early predictors of disease severity.
Hyperfibrinogenemia, is common in the early
phase of COVID-19. Hypofibrinogenemia may
be observed in the late stage of consumption
coagulopathy; thus, fibrinogen levels may have
the potential to guide evaluate prognosisi*19. In
our study, no significant difference was observed
between mild-to-moderate and severe pneumoniae
cases in terms of platelet levels but, D-dimer
and fibrinogen levels were found to be higher
in patients with severe pneumonia. PTT was
higher in cases with severe compared to mild-to-
moderate cases.

A recently proposed prognostic score is SlI
based on platelets, neutrophils, and lymphocytes.
As an index defining instability in the inflammatory
response, SII has been proposed as a prognostic
indicator in the follow-up of patients with sepsis.
In one study, it was reported that SII was
significantly higher in COVID-19 patients and
could be used in the diagnosis of COVID-19'8!,
High NLR and high SII were observed in critically
ill patients who had to be hospitalized in the
ICU22 In the current study, SI was found
to be statistically significantly higher in cases
with severe pneumonia than in cases with mild
pneumonia.

Lagadinou M et al.271 while fatigue, dry cough,
and anorexia were observed in more than half of
patients with COVID-19 pneumonia, dyspnea was
detected in all the severe cases and only 12.5%
of mild cases. Guan et al.l?8] observed fever,
cough, and less frequently, nausea, vomiting, and
diarrhea in their study. In our study, the most
common complaint was found to be dyspnea in

patients with severe pneumonia, while dyspnea
was reported less frequently in mild-to-moderate
cases (45.6% and 12.5%, respectively).

The limitations of this study are its relatively
small sample size and the fact that it is a single
center study. Studies involving more centers and
larger patient series may be beneficial.

The most effective step for patient management
in COVID-19 disease, which does not currently
have a specific treatment, is to predict a serious
course early; this may contribute to reducing
the risk of complications and mortality. Thus,
prognostic laboratory tests in COVID-19 may
be of great importance. In addition to the
diagnostic benefit of these parameters, they are
useful in distinguishing mild-to-moderate and
severe pneumonia cases as well as in monitoring
progression and prognosis. Therefore, we think
that frequent follow-up of selected laboratory
parameters will play a key role, especially in
patients with comorbid diseases and advanced
age, due to the increased risk of a severe course.
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