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birds, and often cause asymptomatic to mild respiratory,
gastrointestinal, liver and neurological diseases (7,8).

In December 2019, a new outbreak of SARS-CoV-2 was
reported in Wuhan, China, called by the World Health
Organization (WHO) and the Center for Disease Control
and Prevention as COVID-19 (9-12). Being potentially
transmitted during the incubation period, COVID-19
increased exponentially and spread to other countries,
such as Thailand, South Korea, and the United States, as a
pandemic (8,13-15).

The most common clinical manifestations of COVID-19
include dry cough, fever, dyspnea, myalgia, fatigue,
and lymphopenia while its radiologic manifestation is
pneumonia (11). In severe cases, the disease may cause
acute respiratory distress syndrome (ARDS), arrhythmia,
shock, secondary infections, acute heart damage, kidney
failure, and even death (9, 10, 15).

Nature of the virus and its symptoms are unknown and
neither specific vaccine nor medication is available for
its treatment. Therefore, it seems essential to carefully
examine the patients, their symptoms, test results, and
radiological findings to compare treated cases with
those who died of this disease to find a strategy for the
management and possibly treatment of these patients (16).
However, due to the lack of evidence on the relationship
between hematological parameters and the severity of
COVID-19, this study aimed to investigate hematological
parameters associated with the severity of the disease in
patients with COVID-19 in eastern Iran.

Objectives

In this study all demographic and hematologic parameters
of COVID-19 patients at the time of admission and
discharge from the hospital were collected. Then, the
association of these markers with the prognosis and
severity of the patients has been studied.

Patients and Methods

Study protocol

The present cohort study was carried out on patients
with COVID-19 who were hospitalized in the infectious
diseases wards of Imam Reza hospital in Mashhad,
Iran. All the patients who had positive real-time reverse
transcription-polymerase chain reaction test and those
with clinical symptoms whose computed tomography
(CT) scan results, which were matched with the diagnosis
of viral pneumonia were included in the study. However,
the patients with leukemia, thalassemia, hemophilia, and
other blood disorders, as well as patients undergoing
chemotherapy were excluded from this research.

The demographic, clinical, and laboratory data of the
subjects, as well as their other characteristics, such as
olfactory disorders, smoking, and addiction, were assessed
and recorded. The hematological laboratory tests and
complete blood count were performed by the healthcare

personnel through collecting blood samples on admission
and discharge in accordance with the standards of WHO
while maintaining the working conditions. According to
the WHO classification, moderate COVID-19 cases were
defined by clinical signs of pneumonia (fever, cough,
dyspnea, fast breathing) but no signs of severe pneumonia,
including SpO2 290% on room air. On the other hand,
severe form was defined with clinical signs of pneumonia
(fever, cough, dyspnea, fast breathing) plus one of the
following: respiratory rate >30 breaths/min; severe
respiratory distress; or SpO2 <90% on room air.

Dexamethasone was prescribed during hospitalization
of patients and this explains the increase of white
blood cell (WBC) count. However, dexamethasone
administration causes neutrophilia, but in our patients at
the time of discharge of lymphopenia, patients improved,
which confirms the value of assessing the absolute value
of lymphocytes in the course of the disease. Regarding
the decrease of hemoglobin (Hb) and hematocrit (HCT),
the cause can be hydration of patients and frequent
blood sampling during hospitalization .In case of
platelet increase, the cause may be the elimination of the
suppressive effect of the virus on the bone marrow, which
has improved in the course of hospitalization. Reducing
red cell distribution width (RDW) during treatment is
valuable and can be considered as an indicator of response
to treatment.

Moreover, the discharge criteria in this study were
based on the guideline of the Iranian ministry of health
which consisted of lack of fever within 48-72 h without
taking any antipyretics and SpO2 over 93% on room
air. The clinical and laboratory data of the patients as
well as their mortality rates, need for admission in the
intensive care unit (ICU), lymphopenia, and antibiotic
administration at the time of admission and discharge
were compared as well. Principles of the ICU admission
decision-making process include 1) Attention to the
patient’s previous condition such as; age (of particular
importance for COVID patients), comorbidities (major
versus stabilized, single versus multiple), neurocognitive
status (normal, mildly impaired, or severely impaired
cognitive functions), worsening of the patient’s general
condition; 2) Attention to current clinical severity with
assessment of the number of organ failures at the time
of decision-making such as: respiratory (hypoxemia
or respiratory distress), hemodynamics (systolic blood
pressure <90 mm Hg), neurological (Glasgow Coma Scale
<12), worsening of organ dysfunction, possible use of the
SOFA score; 3) Assessment of patient’s comfort such as:
pain, anxiety, agitation, dyspnea, congestion, asphyxiation,
and isolation; 4) A full commitment to providing support
and care for all, in a way that respect the patient’s dignity.
These principles are not specific to COVID patients but
may have greater bearing on the nature of the decision
taken, depending on the situation.
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Ethical issues

The research followed the tenets of the Declaration
of Helsinki. The institutional ethical committee at
Mashhad University of Medical Sciences approved all
study protocols (IR.MUMS.REC.1398.308). Accordingly,
written informed consent was taken from all participants
before any intervention.

Statistical methods

The demographic information and clinical observations
were analyzed in SPSS software (version 22) using the
descriptive statistical methods, including central tendency,
dispersion, and frequency distribution. Furthermore, the
difference between frequencies of the qualitative variables
was investigated using the x? test. Besides, depending on
the data distribution, the independent ¢ test or Mann-
Whitney U test were applied to compare clinical and
laboratory signs with regard to the development of
lymphopenia, the need for ICU hospitalization, antibiotic
administration, CT scan results, and mortality. The paired
t test or Wilcoxon test was also used to evaluate the rate of
changes in the studied indicators at the time of admission
and discharge. The receiver operating curve (ROC) was
also plotted to determine the area under the curve (AUC)
for special values. In all the tests P < 0.05 was considered
statically significant.

Results

A total of 189 patients with COVID-19 were included in
the study, 47.6% of whom were over 60 years of age and
58.7% were male. The prevalence rates of lymphopenia
in the patients admitted with COVID-19 and those who
were discharged were 50.3% and 40.9%, respectively.
Besides, the case fatality rate of this disease was 10.6%.
According to radiological reports, 71.4% and 28.6% of the
patients had >3 and <2 lobes involvement, respectively.
Other characteristics of the included patients are shown
in Table 1.

The results of evaluation of hematological parameters
of the COVID-19 patients at the time of admission and
discharge showed that the number of their WBCs, mean
corpuscular volume (MCV), number of platelets (PLT),
and lymph counts had significantly increased at the time
of discharge (P <0.05). On the other hand, their Hb, HCT,
mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and RDW were
significantly higher at the time of admission than discharge
from the hospital (P <0.05; Table 2).

As shown in Table 3, the study of the risk factors in
COVID-19 patients indicated that 49.5% and 50.5% of
the patients with lymphopenia were <60 and > 60 years
old, respectively. Nevertheless, no significant difference
was observed between age and lymphopenia (P>0.05).
Regarding gender, the results showed that 67.4% of the
patients with lymphopenia were male while only 32.6%

Hematological parameters in COVID-19

Table 1. Demographic and basic information of COVID-19 patients

Variable No. (%)/Mean (SD)
Age (year)

60 99 (52.4%)
>60 90 (47.6%)
Gender (male) 111 (58.73%)
Lymphopenia upon admission 95 (50.3%)
Lymphopenia upon discharge 56 (40.9%)
Radiological severity of the disease

<2 lobes 54 (28.6%)

>3 Lobes 135 (71.4%)

Severity of the disease

Moderate 32(17%)

Severe 156(83%)
Death 20 (10.6%)
Diabetes 60 (31.7%)
Ischemic heart disease 31 (16.4%)
Hypertension 54 (28.6%)
Smoking 27 (14.3%)
Need ICU admission 13 (6.9%)
White blood cells (x10%/pL) 7.27+3.48
Red blood cells (x10%pL) 4.66+0.65
Hemoglobin (g/dL) 13.39+1.9
Hematocrit (%) 38.08+4.7
Mean corpuscular volume (fL) 81.86+5.75
Mean corpuscular hemoglobin (pg) 28.73+2.48
Mean corpuscular hemoglobin concentration (g/dL) 35.08+1.60
Red cell distribution width (fL) 14.80+1.97

Platelets (x10%/uL) 202.03+82.51
1214.80+875.5
84.31+61.65
5.61+4.49
202.8+£124.93
673.92+£399.48

60.17+31.31

Lymph count (10° cells/L)
C-reactive protein (mg/L)
Neutrophil to lymphocyte ratio
Platelet to lymphocyte ratio
Lactate dehydrogenase (U/L)

Erythrocyte sedimentation rate (mm/h)

were female. However, the male to female ratiowas 1:1 in the
non-lymphopenia group while it was found that the rate of
lymphopenia was significantly higher in males (P<0.05).
The findings also revealed that developing lymphopenia
was not significantly associated with diabetes, ischemic
heart disease (IHD), hypertension (HTN), radiological
evidence, death, need for hospitalization in the ICU,
smoking, and antibiotic consumption (P> 0.05).

Investigation of the relationship between hematological
indicators and radiological disease severity using
radiological evidence showed no significant difference
between the mean hematological and laboratory indicators
of COVID-19 patients with lower or more than three lobes
involvement (P> 0.05; Table 4).

The results of examining the relationship between
platelet to lymphocyte ratio (PLR) and neutrophil to
lymphocyte ratio (NLR) with regard to the disease severity
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Table 2. Hematological and laboratory indicators of COVID-19 patients at the time of admission and discharge

Variable Admission time (n=95) Discharge time (n=94) P value
White blood cells (x10%/pL) 7.27£3.48 8.52+4.34 0.001*
Red blood cells (x10%uL) 4.66+0.65 4.39+0.65 <0.001*
Hemoglobin (g/dL) 13.39+1.9 12.43+£1.9 <0.001*
Hematocrit (%) 38.08+4.7 36.76+5.04 <0.001*
Mean corpuscular volume(fL) 81.86+5.75 84.03+6.28 <0.001*
Mean corpuscular hemoglobin (pg) 28.73+2.48 28.40+2.66 0.001*
Mean corpuscular hemoglobin concentration (g/dL) 35.08+1.60 33.70+1.56 <0.001*
Red cell distribution width (fL) 14.80+1.97 14.66+1.77 0.001**
Platelets (x10%pL) 202.03+82.51 268.58+137.34 <0.001*
Lymph count (10 cells/L) 1214.80+875.5 1376.85+£717.2 0.007*
*Paired t test; ** Wilcoxon test.
Table 3. Frequency distribution of lymphopenia and non-lymphopenia cases regarding the disease risk factors
Variable Lymphopenia (n=95) Non-lymphopenia (n=94) P value
<60 47 (49.5%) 52 (55.3%)
Age group (years) 0.421
>60 48 (50.5%) 42 (44.7%)
Male 64 (67.4%) 47 (50%)
Gender 0.015*
Female 31 (32.6%) 47 (50%)
Affected 31 (32.6%) 29 (30.9%)
Diabetes 0.793
Unaffected 64 (67.4%) 65 (69.1%)
Affected 16 (16.8%) 15 (16%)
Ischemic heart disease 0.870
Unaffected 79 (83.2%) 79 (84%)
Affected 30 (31.6%) 24 (25.5%)
Hypertension 0.358
Unaffected 65 (68.4%) 70 (74.5%)
2< lobes 31 (32.6%) 23 (24.5%)
Radiologic severity 0.214
3> Lobes 64 (67.4%) 71 (75.5%)
Yes 9 (9.5%) 11 (11.7%)
Death 0.619
No 86 (90.5%) 83 (88.3%)
Yes 4 (4.2%) 9 (9.6%)
Need for ICU 0.145
No 91 (95.8%) 85 (90.4)
Yes 81 (85.3%) 81 (86.2%)
Smoking 0.859
No 14 (14.7%) 13 (13.8%)
Yes 4 (4.2%) 13 (13.8%)
Olfactory sense 0.021*
No 91 (95.8%) 81 (86.2%)
Ceftriaxone/azithromycin 52 (54.7%) 60 (63.8%)
Antibiotic consumption 0.203
Meropenem/vancomycin 43 (45.3%) 34 (36.2%)
Lymphopenia at With lymphopenia 46 (82.14%) 27 (36%) 0.009
discharge Without lymphopenia 10 (17.86%) 48 (64%) )
Moderate 20 (21.3%) 12 (12.8%)
Severity of the disease 0.121
Severe 74 (78.7%) 82 (87.2%)

* Statically significant, ICU: intensive care unit.

showed no significant difference between PLR and NLR
values (P>0.05). Moreover, it was found that the mortality
rate was significantly higher in patients with severe
disease (P=0.032; Table 5). There was also no significant
relationship between hospital length of stay and PLR
(P>0.05; Table 6).

Investigation of the relationship between the subjects’
PLR values and the need for hospitalization in the
ICU clearly showed that the patients who needed to be

hospitalized in the ICU had a higher PLR than others,
which was statistically significant (P<0.05). As shown
in this table, NLR in those with more than seven days of
hospital stay is significantly greater than those with <7
days (Table 6).

Figure 1 ROC representation of
laryngopharyngeal reflux values upon ICU admission.
The ROC analysis demonstrated good performance with
an AUC of 0.7 (95% CI: 0.531-0.879, P=0.01; Figure 1).

shows the
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Table 4. Hematological and laboratory indicators of COVID-19 patients regarding the radiological disease severity

Radiological evidence

Variable P value
>3 Lobes <2 Lobes
White blood cells (x10%/pL) 7.26+3.30 7.56+3.93 0.598
Red blood cells (x10%puL) 4.65x0.67 4.7320.65 0.443
Hemoglobin (g/dL) 13.30+1.91 13.67+2.25 0.241
Hematocrit (%) 37.74+4.63 39.03+5.65 0.104
Mean corpuscular volume(fL) 81.18+6.49 82.44+4.08 0.185
Mean corpuscular hemoglobin 28.61+2.63 28.81+1.94 0.611
Mean corpuscular hemoglobin concentration (g/dL) 34.99+2.28 34.97+1.69 0.964
Red cell distribution width (fL) 14.83+1.97 14.72+1.98 0.728
Platelets (x10%*/pL) 208.89+82.76 194.87+73.09 0.271
Lymph count (10°cells/L) 1280.47+849.76 1096.65+455.76 0.520
C-reactive protein (mg/L) 102.23+93.62 73.01+61.31 0.798
Erythrocyte sedimentation rate (mm/h) 61.98+30.81 54.88+32.61 0.086
Neutrophil to lymphocyte ratio 5.35+4.67 6.22+4.03 0.155
Platelet to lymphocyte ratio 200.65+130.62 208.15+110.38 0.305

As summarized in Table 7, investigating the correlation
of erythrocyte sedimentation rate (ESR), lactate
dehydrogenase, and C-reactive protein (CRP) with the
PLR and NLR indicators showed a positive and significant
correlation between ESR and PLR (r=0.281, P<0.01).
There was also a positive and significant correlation

Table 5. Relationship between clinical disease severity and platelet to
lymphocyte ratio, neutrophil to lymphocyte ratio, and death in COVID-19
patients

Severity of the disease

Variable Moderate Severe P value
(n=30) (n=140)

Neutrophil t

eutrophit to 5.25+3.54 5.69+4.68 0.612°

lymphocyte ratio

Platelet to lymphocyte

203.79+95.22 202.79+130.81  0.967°

ratio
Death
With death 0 (0%) 20 (12.8%)
0.032*
Without death 32 (100%) 136 (87.2%)

* Statistically significant; Mann-Whitney test; * independent sample ¢ test.

Table 6. Relationship of the length of hospital stay and hospitalization in the
intensive care unit with the platelet to lymphocyte ratio and neutrophil to
lymphocyte ratio in COVID-19 patients

Neutrophil to  Platelet to lymphocyte

Variables . .
lymphocyte ratio ratio

ICU admission

Need for ICU admission 8.95+11.34 164.76+179.64

No need for ICU admission 5.38+3.55 205.6+120.16
P value 0.664 0.014*
Length of hospital stay

>7 days 4.88+4.49 183+98.9
<7 days 6.4+4.46 222.72+141.97
P value 0.003 0.099°

ICU: intensive care unit.

* Statistically significant, * Mann-Whitney test.

between the patients’ CRP and NLR (r=0.317, P<0.01).

Discussion

Human coronavirus is one of the most important
infectious pathogens of the respiratory system. According
to the findings of previous studies, most of the COVID-19
patients have mild symptoms and a good prognosis, while
only a small number of them have severe symptoms,
including pneumonia, pulmonary edema, ARDS, the
involvement of other organs like kidneys, liver, and
nervous system, and death (10,17).

The present study aimed to investigate the relationship
between hematological parameters and disease severity in
COVID-19 patients and the results revealed that the mean
hematological and clinical indicators of the COVID-19
patients underwent significant changes. In other words,
the patients’ WBC, MCV, PLT, and lymph count had
remarkably increased at the time of hospital discharge,
while their red blood cells, Hb, HCT, MCH, MCHC, and

ROC Curve

05

Sensitivity

0.4+

T T T
0.0 0z 04 0e 08 10

1 - Specificity

Figure 1. Area under the receiver operating curve in the assessment of
lymphocyte to platelet ratio and hospitalization in the intensive care unit (area
under the curve: 0.7).
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Table 7. Correlation between hematological indicators and the patients’ PLR and neutrophil to lymphocyte ratio

Variable

Platelet to lymphocyte ratio

Neutrophil to lymphocyte ratio

Erythrocyte sedimentation rate (mm/h) r=0.281, P = 0.001*

Lactate dehydrogenase (U/L) r=-0.185, P =0.137

C-reactive protein (mg/L) r=0.116, P = 0.194

r=0.176, P = 0.064
r=0.202, P =0.121
r=0.317, P=0.001*

* Statistically significant.

RDW had significantly decreased by that time.

Regarding the disease severity, 83% of the studied
patients were severe cases. The case fatality rate of
COVID-19 in Iran has been reported at 6%, while in our
study it was found to be 10.6%. This might be due to the
more severity of the disease in the studied patients as 83%
of them were in the severe stages of the disease.

Moreover, the results of the present study showed that
gender and olfactory sense had a significant relationship
with the development of lymphopenia associated with
COVID-19. Accordingly, male subjects and those lacking
olfactory sense had a higher percentage of lymphopenia
in the present study which is in line with the results of
previous researches (18-20). Regarding co-morbidities,
31.7%, 16.4%, and 28.6% of the patients suffered from
diabetes, cardiovascular diseases, and HTN, respectively
which is consistent with the results of other studies.
However, no significant relationship was found between
co-morbidities and disease severity. In their study, Yang
et al (21) found that about 21.1%, 9.7%, and 8.4% of the
patients had HTN, diabetes, and cardiovascular diseases,
respectively.

According to the studies conducted on COVID-19
patients, hematological indicators and parameters were
altered by the coronavirus. Lippi et al (22) clearly showed
that PLT levels were significantly lower in severe cases
and that low PLTs would lead to a fivefold increase in the
risk of disease severity. Furthermore, the fatality rate of
COVID-19 was significantly higher in patients with lower
PLT, compared to others.

Our findings also indicated that PLR was significantly
lower in patients who were admitted to the ICU, compared
to those who were not admitted to the ICU. Besides, the
amount of NLR had a significant relationship with the
length of hospital stay. Accordingly, patients with high
NLR were hospitalized for an average of more than seven
days.

Henry et al in their study about the hematological
parameters of COVID-19 patients (23) suggested that the
more severe and deadly cases of the disease had higher
WBC count and lower lymphocyte and PLT than the mild
cases. In their study, CRP had also increased as an indicator
of systemic inflammation in COVID-19 patients. In this
regard, routine evaluation of hematological parameters,
including PLR and NLR, is suggested as a prognostic
predictor of COVID-19 patients (24).

Conclusion

According to the results, hematological parameters and
inflammatory biomarkers in the COVID-19 patients
potentially act as independent factors and affect the
disease prognosis. Hence, conducting further studies
with the risk stratification approach may help identify the
factors that contribute to the early diagnosis of the patients
and administration of adjuvant therapies.

Limitations of the study

The low number of patients may be a limitation for this
study. Thus designing a larger study with more participants
suggests.
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