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Abstract
Background/objective: Several hematological and inflammatory parameters so far
have been associated with COVID-19 disease severity; however, such evidence for
particularly vulnerable elderly patients is lacking. This study aimed to investigate
potential and practical biomarkers that could assist in predicting mortality at the
presentation in a group of elderly and non-elderly patients.
Methods: This retrospective cohort study included 1820 COVID-19 patients hospi-
talized for treatment. Clinical and mortality data as well as certain hematological
and inflammatory parameters were retrieved from records. For analysis, patients were
divided into two groups as geriatric (age ≥65 years) and non-geriatric subjects. The
associated factors of the parameters on mortality were examined separately for elderly
and younger patients.
Results: Following multivariate analysis, high neutrophil count and high troponin
T levels emerged as significant independent predictors of mortality in both geriatric
patients and younger patients. Low and high monocyte count was associated with
increased mortality risk for geriatric and younger patients, respectively. In the geriatric
population, high ferritin levels and high RBC count was associated with increased risk,
but increased eosinophil count was associated with decreased risk. Low lymphocyte
count emerged as a predictor of mortality among younger patients.
Conclusion: Several hematological and inflammatory parameters and indices may assist
in predicting the mortality risk in patients with COVID-19; however, there appears to be
some differences in terms of these predictors of mortality between elderly and younger
patients. Larger prospective studies are warranted to support these findings.
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1. Introduction

The severe respiratory syndrome coronavirus-2 (SARS-CoV-
2) disease that originated in Wuhan China in December 2019
acquired the character of a global health problem [1]. Based
on data provided by theWorld Health Organization, there were
more than 178 million confirmed cases and almost 3.8 million
deaths due to this disease as of 22 June 2021 [2], indicating a
high mortality rate.
While the reported mortality rate was 2.3% in China, this

figure has risen up to 7.2% in other countries such as Italy
[3]. In addition, a higher mortality rate due to SARS-CoV-
2 infection has been reported among elderly populations [3–
5]. In Turkey, the first case was documented on 11 March
2020, and the reported mortality rates among those >60 years
of age were 18% and 6% in inpatient or outpatient settings,
respectively [6].

There clearly exists a need for biological markers that will
allow clinicians to monitor the disease progression as well as to
identify patients at an increased risk of complications or death
[7]. A number of hematological parameters including white
blood cell (WBC) count, lymphocyte count, neutrophil count,
neutrophil/lymphocyte ratio (NLR), platelet count, eosinophil
count as well as hemoglobin and several other biochemical
parameters such as ferritin and troponin have been associated
with COVID-19 disease severity [7, 8].

The need for reliable and easily accessible biological mark-
ers that will predict the clinical progression of COVID-19
is even more pronounced for geriatric patients. Thus, this
study was undertaken to investigate potential and practical
biomarkers that could assist in predicting the mortality at the
presentation in a group of elderly and non-elderly patients.
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2. Patients and method

2.1 Participants
This retrospective cohort study was performed by the inclusion
of COVID-19 patients admitted to and hospitalized at our
reference pandemic hospital between 20 March 2020 and 15
May 2020. Demographic data, polymerase chain reaction
(PCR) and imaging results, treatments administered, duration
of hospital stay, mortality status, need for intensive care unit
admission, and test results for hematological and inflammatory
markers was retrieved from the hospital database. COVID-
19 diagnosis was based on the “Interim Guidelines” issued
by the Turkish Ministry of Health. Thorax CT images of
patients with negative PCR tests were compatible with COVID
Pneumonia. Besides this, the clinical and laboratory of these
patients were examined by the chest-infectious diseases team
and these patients were named as COVID-19 in accordance
with the general literature. Patients with positive PCR test
or with suspected COVID-19 infection (PCR negative pa-
tients with clinical suspicion of COVID-19 and/or presence
of COVID-19-specific lung involvement in thorax Computed
tomography (CT)) who were treated at the hospital were in-
cluded. Outpatients who could apply our center were accepted.
Patients who needed ICU at the time of admission were ex-
cluded from the study. According to the diagnostic criteria
published by the Ministry of Health, ICU admission criteria
were as follows: dyspnea and respiratory distress; respiratory
rate >30/min, PaO2/FiO2 <300; SPO2 <90 despite 5 L/min
oxygen treatment, PaO2 <70, hypotension (systolic blood
pressure <90 mmHg and/or more than 40 mmHg drop and
mean arterial pressure <65 mmHg), tachycardia >100/min,
acute kidney injury, development of acute organ dysfunction,
patients with immunosuppression, acute bleeding diathesis,
troponin increase, arrhythmia, lactate >2 mmol, capillary re-
turn disorder, and cutis marmaratus were transferred to ICU.
Patients were divided into two groups as geriatric (age ≥65
years) and non-geriatric subjects for data analysis. Patients
were excluded if they were under 18 years of age, received out-
patient treatment, or had missing data. The study protocol was
approved by local ethics committee of University of Health
Science Bursa Yuksek Ihtisas Education and ResearchHospital
(date, 13 May 2020; no, 2011-KAEK-25 2020/05-19) and the
study was conducted in accordance with the Declaration of
Helsinki. In addition, the study protocol was approved by
the Turkish Ministry of Health for COVID-19 research. This
study used the data collected during routine clinical practice for
COVID-19 patients and the data were handled anonymously.

2.2 Patient management
Only patients receiving inpatient care at normal wards or in-
tensive care unit were included. At the time of study period,
based on national therapeutic guidelines, Hydroxychloroquine
± Azithromycin was given to patients with mild pneumonia,
while Hydroxychloroquine and/or Favipiravir±Azithromycin
was given to patients with severe pneumonia. For those
with worsening clinical signs or pneumonia while receiving
Hydroxychloroquine, Favipiravir was added to ongoing treat-
ments. Oseltamivir was given to selected patients, since the

study period coincided with the influenza season. Tocilizumab
was administered to patients who develop Macrophage Ac-
tivation Syndrome (MAS). Low molecular weight heparin
(LMWH) was given to all patients unless contraindicated.
Convalescent plasma therapy was administered to those with
high fever lasting >7 days, 50% increase in lung infiltration
after 24–48 hours, need for intensive care unit admission,
need for vasopressors, and need for mechanical ventilation.
Patients were admitted to intensive care unit if respiratory rate
was >30/min, PaO2/FiO2 was <300, or SpO2 was <90%
or PaO2 was <70 mmHg despite oxygen at a flow rate of 5
L/min. Mechanical ventilation with intubation was initiated
in case of increased respiratory workload (dyspnea, tachypnea
≥30/min), use of accessory respiratory muscles, paradoxical
respiration, and respiratory alkalosis (pH >7.45).

2.3 Assessments
Complete blood count (CBC), serum biochemistry including
C-reactive protein (CRP), D-dimer, troponin T, ferritin, and
fibrinogen, and erythrocyte sedimentation rate (ESR)
were tested at admission. CBC-Mindray BC-6800,
serum biochemistry-cobas c 702, CRP-Siemens BNII,
troponin-cobas e 602, ESR-Vacuplus ESR100, Ddimer
and fibrinogen-sysmex CS-5100 equipments were used
for testing. In addition, previously reported derived
parameters (lymphocyte/monocyte, neutrophil/lymphocyte,
platelet/lymphocyte, dNLR, CRP/lymphocyte) or
those with potential prognostic value based on our
analysis (neutrophil/eosinophil, neutrophil/monocyte,
troponin/eosinophil, ferritin/ eosinophil, neutrophil x troponin,
neutrophil x ferritin) were estimated. Clinical variables such
as duration of hospitalization, ICU admission, and mortality
were recorded. The associated factors of hematological
and inflammatory parameters on mortality were analyzed
separately for elderly and younger patients.

2.4 Statistical analysis
IBM SPSS Statistics version 21.0 software (SPSS Inc.,
Chicago, IL) was used for the analysis of data. Descriptive
data are presented in number (percentage) or mean± standard
deviation, where appropriate. Categorical variables were
compared using Pearson’s chi-square test or Fisher’s exact
test. Depending on the normality of the data, continuous
variables were compared using Mann-Whitney U or student’s
t test for independent samples. Both hypothesis tests and
graphical methods were used to test normality. Logistic
regression was done for univariate and multivariate analysis of
hematological/inflammatory parameters for their association
with mortality. For the indices derived based on the emerging
significant independent predictors and previously published
studies, receiver operator characteristic (ROC) curves were
generated and area under curve (AUC) values were calculated
to examine the predictive role of these continuous parameters
for mortality. Optimal cut-off values were identified and
reported with their sensitivity and specificity for predicting
mortality. Two-sided p values < 0.05 were considered
indication of statistical significance.
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TABLE 1. Demographical and clinical characteristics of the patients by age group.
Patient characteristic All patients Age ≥65 Age <65 p

n = 1820 n = 578 (31.8%) n = 1242 (68.2%)
Demographics

Age (year), mean ± SD 53.6 ± 19.1 76.1 ± 7.4 43.2 ± 12.9 <0.001
Female gender 914 (50.2%) 301 (52.1%) 613 (49.4%) 0.280
PCR confirmed disease 807 (44.3%) 161 (27.9%) 646 (52.0%) <0.001

Medications
Hydroxychloroquine 1813 (99.7%) 575 (99.7%) 1238 (99.8%) 0.655
Azithromycin 1191 (65.7%) 402 (70.0%) 789 (63.7%) 0.008
Enoxaparin 1143 (62.8%) 346 (60.0%) 797 (64.2%) 0.084
Oseltamivir 904 (50.1%) 266 (46.9%) 638 (51.5%) 0.068
Favipiravir 222 (12.3%) 103 (18.2%) 119 (9.6%) <0.001
Plasma 12 (0.7%) 6 (1.0%) 6 (0.5%) 0.213
Tocilizumab 8 (0.4%) 2 (0.4%) 6 (0.5%) 1.000

Outcomes
Hospitalization (days), mean ± SD 6.7 ± 5.1 7.9 ± 6.7 6.1 ± 3.9 <0.001
Mortality 112 (6.2%) 85 (14.7%) 27 (2.2%) <0.001
ICU admission 95 (5.2%) 73 (12.8%) 22 (1.8%) <0.001
Prolonged hospitalization* 772 (42.4%) 294 (50.9%) 478 (38.5%) <0.001

Unless otherwise stated, data presented as n (%). Since data is missing in a small number of patients, valid
percentages are shown. *>5 days. Abbreviations: ICU, intensive care unit; SD, standard deviation.

3. Results

3.1 Patient characteristics
Table 1 shows demographical and clinical characteristics of the
patients by age groups. Of 1820 patients, 807 (44.3%) had
PCR confirmed COVID-19 infection. Almost one third of the
patients were in the geriatric age group. PCR confirmed infec-
tion was significantly less common among geriatric patients
(<0.001). The two groups did not differ in terms of gender
distribution. Azithromycin and Favipiravir use were more
common among geriatric patients. Mortality, ICU admission,
and prolonged hospitalization rates were higher, and duration
of hospitalization was longer in geriatric patients when com-
pared to the patients younger than 65 years of age. Table 2
shows hematological/inflammatory parameters on admission
by age group. Geriatric patients had significantly low hema-
tocrit, hemoglobin, red blood cell, basophil, lymphocyte, and
platelet counts (p < 0.05 for all). On the other hand, white
blood cell, neutrophil, and monocyte counts, as well as ESR,
CRP, troponin T, fibrinogen, and d-dimer levels were higher
in the geriatric age group (p < 0.05 for all).

3.2 Predictors of mortality
Table 3 shows the predictors of mortality, which showed some
variation across the two age groups. Following multivariate
analysis, high neutrophil count and high troponin T levels
emerged as significant independent predictors of mortality
in both geriatric patients and younger patients. Low and
high monocyte count was associated with increased mortality

risk for geriatric and younger patients, respectively. In the
geriatric population, high ferritin levels and high RBC count
was associated with increased risk but per unit increase in
eosinophil count was associated with decreased risk. On the
other hand, low lymphocyte count emerged as one of the
significant independent predictors of mortality among younger
patients.

3.3 Indices for mortality
Indices derived based on the emerging significant independent
predictors and previously published studies are shown on Ta-
ble 4 with their respective AUC values to predict mortality. In
addition, optimal cut-off values for those indices with an AUC
>0.800 are also provided along with their respective sensitiv-
ities and specificities. Indices with the highest AUC values
were troponin/eosinophil and ferritin/eosinophil for the geri-
atric age; and neutrophil x ferritin and neutrophil/lymphocyte
for younger patients. ROC curves are provided for these
indices in Fig. 1.

4. Discussion

The findings of this study comparing a number of hemato-
logical variables in a large sample of elderly and non-elderly
COVID-19 patients suggest that distinct sets of hematological
parametersmeasured at presentationmay have predictive value
for mortality in these two different patient groups. To the
best of our knowledge, the comparative prognostic value of
hematological variables in geriatric vs. younger populations
has not been subject to previous research.
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TABLE 2. Hematological/inflammatory parameters on admission by age group.
Parameter Age ≥65 Age <65 p

n = 578 (31.8%) n = 1242 (68.2%)
Hemoglobulin, g/dL 11.7 ± 2.1 12.9 ± 1.9 <0.001
Hematocrit, % 35.2 ± 5.9 38.8 ± 5.3 <0.001
Red blood cell count (×106 cells/µL) 4.1 ± 0.8 4.6 ± 0.9 <0.001
White blood cell count (×103 cells/µL) 9.0 ± 6.7 7.4 ± 4.8 <0.001
Neutrophil count (×103 cells/µL) 6.4 ± 4.5 4.6 ± 3.4 <0.001
Eosinophil count (× cells/µL) 136.8 ± 153.6 144.4 ± 169.5 0.243
Basophil count (× cells/µL) 30.7 ± 21.5 36.2 ± 109.2 <0.001
Lymphocyte count (×103 cells/µL) 1.7 ± 1.4 2.0 ± 0.9 <0.001
Monocyte count (×103 cells/µL) 0.6 ± 0.3 0.5 ± 0.3 <0.001
Platelet count (×103 cells/µL) 233.5 ± 89.7 246.7 ± 87.5 <0.001
C-reactive protein, mg/L 55.3 ± 61.4 31.1 ± 49.1 <0.001
ESR, mm/h 55.5 ± 28.9 40.1 ± 26.3 <0.001
Troponin T, pg/mL 75.3 ± 244.9 25.2 ± 348.6 <0.001
Ferritin, ng/mL 325.1 ± 993.7 208.6 ± 307.1 0.05
Fibrinogen, mg/dL 514.1 ± 172.8 437.9 ± 162.8 <0.001
D-dimer, µg/mL 3.2 ± 13.2 1.2 ± 3.5 <0.001
Data presented as mean ± standard deviation. ESR, erythrocyte sedimentation rate.

TABLE 3. Multivariate analysis of the hematological/inflammatory parameters on admission for mortality.
Age ≥65 Age <65

High RBC count (>5.03 × 106 cells/µL) 2.70 (1.02–7.14), p = 0.045
High neutrophil count (>8 × 103 cells/µL) 5.56 (2.95–10.48), p < 0.001 18.74 (6.62–53.06), p < 0.001
Eosinophil count (cells/µL)† 0.994 (0.990–0.998), p = 0.001
Low monocyte count (<0.3 × 103 cells/µL) 3.76 (1.78–7.93), p = 0.001
High monocyte count (>0.9 × 103 cells/µL) 3.25 (1.08–9.75), p = 0.036
Low lymphocyte count (<0.9 × 103 cells/µL) 10.98 (4.12–29.29), p < 0.001
High troponin T (>14 pg/mL) 16.22 (1.98–132.69), p = 0.009 17.90 (4.23–72.36), p < 0.001
High ferritin (>150 ng/mL) 3.74 (1.02–13.70), p = 0.046
Data presented as odds ratio (95% confidence interval), p value. †Odds ratios are for per unit increase. RBC, red
blood cell.

On the other hand, the association between hematologic
parameters and prognosis, need for intensive care admission,
and mortality in COVID-19 was examined in many previ-
ous studies in the general population. In four recent meta-
analyses including geriatric patients, low lymphocyte count,
low platelet count, and high neutrophil count were found
to correlate significantly with poor prognosis, severe disease
course, ICU admission, and mortality [9–12]. In one of these
meta-analyses, a cut-of value of 3.74 × 103/L for the neu-
trophil count was reported to indicate increased risk of se-
vere COVID-19 disease [11]. In another study, thrombo-
cytopenia at presentation was found to be associated with a
3-fold increase in mortality, as compared to those without
thrombocytopenia [13]. In our study, we observed that low
RBC, hemoglobin, hematocrit, basophil count, lymphocyte
count, and platelet count as well as high neutrophil, WBC, and

monocyte count were associated with increased mortality from
COVID-19 infection in the elderly. Therefore, our geriatric
patients represent a high-risk group also when hematologic
parameters were considered, since they had such impairments
at the time of admission. In our study, we determined that
there were low lymphocytes and platelets, and high neutrophil,
wbc, and monocytes in the geriatric group. Therefore, our
elderly patient group is at risk for poor outcome in terms of
hematological parameters.

It is not surprising to observe increased inflammation in
patients with poor clinical status, when one considers the
role of the cytokine storm in severe COVID-19 infection. In
previous reviews and studies investigating different biomark-
ers that could be potentially associated with a more severe
disease course in COVID-19 infection, elevation of several
inflammatory parameters such as CRP, ferritin, and ESR were
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TABLE 4. Potential indices for the prediction of mortality.
Age ≥65 Age <65

AUC (95% CI) Cut-off (Se/Sp) AUC (95% CI) Cut-off (Se/Sp)
Neutrophil/eosinophil 0.822 (0.777–0.867) 0.29 (70/81) 0.702 (0.579–0.824) -
Neutrophil/monocyte 0.815 (0.761–0.869) 12.7 (72/78) 0.771 (0.660–0.882) -
Troponin/eosinophil 0.857 (0.820–0.893) 0.40 (97/64) 0.829 (0.752–0.907) 0.34 (83/83)
Ferritin/eosinophil 0.865 (0.817–0.914) 5.25 (80/81) 0.833 (0.734–0.931) 1.45 (94/58)
Neutrophil x troponin 0.817 (0.766–0.868) 206 (80/75) 0.828 (0.700–0.957) 16.5 (88/63)
Neutrophil x ferritin 0.828 (0.768–0.888) 1220 (73/78) 0.905 (0.820–0.990) 1637 (89/89)
Lymphocyte/monocyte 0.343 (0.272–0.415) - 0.221 (0.092–0.350) -
Neutrophil/lymphocyte 0.813 (0.760–0.867) 4.85 (78/73) 0.846 (0.730–0.962) 2.6 (89/71)
Platelet/lymphocyte 0.645 (0.574–0.717) - 0.642 (0.501–0.784) -
dNLR 0.818 (0.764–0.872) 3.0 (77/73) 0.765 (0.624–0.906) -
CRP/lymphocyte 0.794 (0.741–0.848) - 0.808 (0.698–0.919) 8.6 (83/61)
AUC data presented as AUC (95% confidence interval), p value. Cut-off data provided for parameters with
an AUC higher than 0.800. AUC, area under curve; Se/Sp, sensitivity/specificity in percent; RBC, red blood
cell; CRP, c-reactive protein; dNLR, derived neutrophil lymphocyte ration defined as neutrophil count divided
by the result of white blood cell count minus neutrophil count.

found to be linked with increased likelihood of more severe
disease [14–18]. Based on their univariate analysis, Zhou, et
al. [19] reported an association between high serum ferritin
and death, but no multivariate analysis results were presented
by the authors.
In addition, some studies suggested that low lymphocyte

count as well as low eosinophil as positive indicators for
diagnosis in COVID-19 [20]. For example, Liu et al. [21],
in their COVID-19 patients, observed low eosinophil counts at
admission that returned to normal before discharge, concluding
that increasing eosinophil levels may represent an indicator of
clinical improvement. On the other hand, a systematic litera-
ture review suggested that eosinopenia is not a reliable marker
for COVID-19 prognosis [22]. Although low eosinophil count
emerged as a predictor of mortality only in our elderly pa-
tients, several indices derived from eosinophil counts such as
troponin/eosinophil and ferritin/eosinophil ratio were found to
have a predictive value for both age groups.
Several previous publications found an association of D-

dimer with severe COVID-19 disease and mortality [23]. D-
dimer, which is elevated in the presence of thrombotic events,
has also been reported to be a significant prognostic factor in
COVID-19 disease, and in a review of 19 articles, a cut-off
level of 0.4 µg/mL was proposed for D-dimer levels [15]. In
another systematic review, a 3- to 4-fold increase in D-dimer
levels were found to be related with poor prognosis in these
patients [24].
Elevated troponin levels have been associated with multi-

organ failure [12], and in autopsy series COVID-19 has been
shown to cause systemic cardiovascular damage via myocyte
injury and hyperinflammation [25]. Therefore, it is not surpris-
ing to observe increased troponin levels in COVID-19 patients
[26]. Again, increased troponin was found to be associated
with higher risk of mortality in both age groups in the current
study.

Neutrophil/lymphocyte ratio (NLR) was reported to be an
independent risk factor for the severity of COVID-19 infection
[27–29]. In one study involving 1004 patients, patients with
severe infection had 5-fold higher NLR, and 40 of the deaths
occurred in those over 62 years of age [30]. In a large meta-
analysis, NLRwas found to be significantly increased levels in
the severe and non-survivor group [31]. In a study evaluating
the severe and fatal forms of the disease, NLR was found
to have a high prognostic value (AUROC: 0.831) and the
predict of mortality cut-off value was determined as 7.4 (se
= 75%, sp = 84%) [32]. In our study conducted with larger
series, the mortality cut-off value was seen 4.85 (se = 78%,
sp = 73%) and 2.6 (se = 78%, sp = 73%) respectively, in
the geriatric and young groups, separated by age groups. In
another study, the predict of mortality NLR cut-off value
4.7 (se = 72%, sp = 51%) was found similar to our study
[33]. Also in another different study, in which people over
the age of 50 were given, the cut off value was found to
be 3.3. [34]. Also, there have been reports regarding high
monocyte/lymphocyte ratio (MLR), where this parameter was
found to indicate cardiovascular risk in patients with severe
pneumonia. In that study, patients with higher MLR had
imaging signs with poor progression [35]. Again in another
study, increased platelet/lymphocyte ratio (PLR) was linked
with increased duration of hospital stay. A pronounced ele-
vation in platelets also correlated with longer average length
of hospital study and this was explained based on cytokine
storm [36]. One study reported a tendency for lower lym-
phocyte, higher leukocyte, higher NLR, and lower monocyte,
eosinophil, and basophil percentages among severe cases [37].
While a number of different hematologic indices derived from
neutrophils, eosinophils, monocytes, and lymphocytes were
found to be predictors of mortality in elderly and/or younger
COVID-19 patients, we failed to observe a similar finding for
platelet count and indices derived from this parameter. This
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FIGURE 1. Receiver operator characteristics curves for selected indices for the prediction of mortality. (a) troponin
eosinophil ratio in the geriatric age group, (b) ferritin eosinophil ratio in the geriatric age group, (c) neutrophil multiplied by
ferritin in younger patients, (d) neutrophil lymphocyte ratio in younger patients.

observation suggests that rather than the platelet count at pre-
sentation, platelet counts in subsequent course of the disease
may be more important in terms of predicting mortality, and
this issue requires further studies. In line with the published
data, NLR was a predictor of mortality in both age groups
in the present study. However, since the young group had
the highest AUC, it was seen that it should be emphasized in
patient evaluation compared to the older group. Besides this,
neutrophil x ferritin indices in the young group not discussed in
the literature, and troponin/eosinophil and ferritin/eosinophil
indices in the geriatric group are encountered in our studywhen
compared to age groups.
Our study distinct certain differences between elderly and

younger patients in terms of predictors of mortality. In the light
of the treatment guide prepared by the Ministry of Health at
that time, Favipiravir was recommended for severe COVID-19

patients and Azithromycin for secondary infections that may
develop in the course of COVID-19. This is an indication that
COVID-19 causes more complications in the geriatric patients.
It is believed that COVID-19 may impair hematopoiesis by

directly infecting the bone marrow precursors or may induce
an auto-immune response against blood cells and a cytokine
storm. This may lead to systemic inflammation, and even
to multiple organ injury [38, 39]. Furthermore, age-related
changes are known to occur in hematopoietic tissues and im-
munosenescence is known to develop over time in an individ-
ual’s lifetime. In addition to cellular senescence, nutritional
deficiencies due to reduced intake and absorption or losses
may cause cellular and functional impairment in leukocyte
components, increasing the vulnerability toward disease in
the elderly population [40]. Therefore, age-related cellular
changes generally increase the predisposition to infections
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among geriatric populations. However, although COVID-
19 has a more deadly course in the elderly, the differential
responses between older and younger bone marrows in this
infection have not been thoroughly understood.
Defined as SARS-CoV-2 receptor, Angiotensin-converting

enzyme 2 (ACE2) receptor levels in cardiac and pulmonary
tissues differ in young and geriatric groups [41]. In addi-
tion, the cause of developing lymphopenia is thought to be
lympholysis caused by viral invasion of lymphocytes due to
the ACE-2 gene on lymphocytes [42]. Neutrophil increase
is the first expected cellular response in infection. In this
case, the increase in NLR in COVID-19 can be expected to
be related to poor prognosis. The association of low mono-
cyte or eosinophils counts with increased mortality in the
elderly may actually result from related mechanisms. In our
study, contrary to the observation that monocytosis at pre-
sentation was associated with increased mortality among the
younger individuals, low monocyte count was related with
increased mortality in the elderly. This may be due to the
presence of a more robust monocyte/macrophage activation
cascade among younger patients in relation to inflammation.
In one previous study comparing bone marrow responses in
younger and elderly individuals upon exposure to COVID-
19, a reprogrammed immune landscape was emphasized in
the elderly. It has also been proposed that elderly individuals
may have an upregulation of inflammatory genes via altered
immunomodulation mechanisms [43], which may potentially
lead to an increased inclination for cytokine storm in this
population. Also, the predictive value of ferritin in mortality
is suggestive of a harbinger role of ferritin for cytokine storm.
Also, increased RBC counts in the elderly may be related with
the predisposition to hemoconcentration among these subjects
compared to younger individuals.
One major limitation of our study is its retrospective nature.

And also, in our study, only outpatients were included, and
serious patients who needed ICU at the time of admission were
excluded. However, the comorbidities of the patients were not
included in the study. Future prospective studies conducted in
a more organized setting would provide valuable information.
The pathological mechanisms underlying the alterations in
hematologic parameters observed in the course of COVID-19
infection are not clearly understood, indicating the need for
further clinical and basic investigations.

5. Conclusions

Better characterization of hematological, biochemical, and
inflammatory parameters that can predict mortality in geriatric
patients, who have emerged as one of the most vulnerable
groups since the start of the pandemic, will prove to be clin-
ically useful.
Although there were some differences in terms of the pre-

dictors of mortality between elderly and younger patients,
this study demonstrated that a number of hematological and
inflammatory parameters and indices derived from these pa-
rameters on admission may assist in predicting the mortality
risk in patients with COVID-19. The predictive value of
these potential markers and indices may be further refined by
monitoring their patterns over time in larger patient samples

and in prospective setting.
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