
Abstract 

The predictive role of blood indices in coronavirus disease 2019
(COVID-19) related in-hospital adverse outcomes and post-recov-
ery status is not fully defined. The main aim was to assess the asso-
ciation of complete blood indices measured at baseline with
COVID-19 related in-hospital clinical outcomes, including length
of hospital and intensive care unit (ICU) stay, receiving mechanical
ventilation, degree of lung injury and in-hospital death, and post-
recovery status. This retrospective study included patients with
newly diagnosed COVID-19 infection from August 20, to
September 25, 2020. The initial study cohort included 127 patients

with newly diagnosed COVID-19. Of whom 26 patients were
excluded, leaving 101 patients for final analysis. low lymphocytes
% [Odds ratio and confidence intervals = OR (CI)] [0.2(0.0-0.2,
p=0.03] increased the odds of ICU stay length while high platelet
mean volume (PMV) [0.9(1.1-5, p<0.00], high platelet distribution
width (PDW) [0.3(0.4-1.9), p<0.00], and low lymphocytes % [0.2
(0.0-0.2), p=0.02] increased the odds of length of hospital stay.
Decreased lymphocytes % showed significant independent associa-
tion with increased risk for mechanical ventilation use [0.9 (0.9-1),
p=0.04], extensive degree of lung injury [0.2 (0.1-0.7), p<0.00], and
in-hospital death [0.5 (0.3-0.8), p=0.01]. High lymphocytes %[0.9
(0.9-1), p<0.00] and high PMV [0.3 (0.3-0.8), p=0.02] were signif-
icantly associated with complete recovery while increased neu-
trophil % [1 (1-1.1), p=0.04] was associated with increased risk for
post recovery fatigue. In conclusion, low lymphocytes % and high
neutrophil % are useful markers for predicting adverse in- hospital
outcome and post-recovery persistent fatigue, respectively. High
PMV and lymphocyte % showed significant association with favor-
able short term prognosis.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) causing coronavirus disease 2019 (COVID-19) has rapidly
become a global pandemic and public health problem in almost all
countries.[1] COVID-19 infection has broad clinical spectrum,
encompassing asymptomatic infection, mild upper respiratory tract
illness, severe viral pneumonia with respiratory failure, and even
death [1-3]. The exact pathophysiological mechanism responsible
for severe and critically ill cases of COVID-19 infection is still not
fully understood. It has been suggested that an immunological,
hematological and inflammatory changes may play a major role in
the rapid progression from mild to critical COVID-19 [2].

Routine complete blood analysis is inexpensive, widely avail-
able and valuable tool which can be used for assessment of the sys-
temic inflammatory response related COVID-19 infection and may
help to discriminate between patients with or without severe disease
[4]. Several studies have demonstrated the correlation of blood
indices abnormalities, such as neutrophils, lymphocytes, and
platelets with COVID-19 diagnosis and severity [4-6]. However,
the predictive role of various blood indices in COVID-19 related in-
hospital adverse outcomes and post-recovery status is undefined
and poorly described in the literature, which needs further investi-
gation to expand our knowledge about COVID-19 burden.

The main aim of the present study was to assess the association
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of complete blood indices measured at baseline with COVID-19
related in-hospital clinical outcomes, including length of hospital
and intensive care unit (ICU) stay, receiving mechanical ventilation,
degree of lung injury and in-hospital death, and post-recovery status
after 14-day from resolution of fever or discharge from the hospital.

Materials and Methods

This was an observational retrospective study included patients
with newly diagnosed COVID-19 infection who presented to the
outpatients’ clinic or admitted to the Al-Sader teaching hospital in
Al-Najaf governorate from August 20, to September 25, 2020. All
patients were presented with features consistent with COVID-19
pneumonia based on clinical symptoms (fever, cough, sputum or
shortness of breath) and radiological findings. Patients diagnosed
with COVID-19 according to positive nasopharyngeal swab by real
time polymerase chain reaction (PCR). At hospital admission, the
baseline clinical characteristics and complete blood count were
recorded using medical records and collected by physicians at study
site-level. At outpatient clinic, the evaluation of patients was per-
formed by physicians through the clinical interview with the patient
during outpatient clinic visit. The baseline clinical characteristics
including age, sex, hypertension, diabetes mellitus, chronic lung dis-
ease, smoking, body mass index (BMI), previous coronary artery
disease, complete blood count, and in-hospital clinical outcome.
Complete blood indices included white blood cell count (WBC),
lymphocyte count and %, neutrophil count and %, red blood cell
count (RBC), hemoglobin (Hb), red blood cell mean volume
(MCV), red blood cell width distribution (RDW), platelet count,
platelet distribution width (PDW), and platelet mean volume
(PMV). The severity of lung damage by COVID-19 pneumonia was
assessed by chest computed tomography (CT) scan score (Aquilon
64, v. 4.51 ER 010; Toshiba Medical Systems, Tochigi, Japan) at the
time of hospital admission or outpatient clinic. According to pneu-
monia severity and radiological features of lung injury, patients with
mild pneumonia were treated at home and patients with moderate-
severe pneumonia were admitted to the hospital and followed up
until discharge or death. All patients, whether admitted to hospital or
treated at home, must have a second visit to outpatient clinic after 14
days from resolution of fever related to COVID-19 pneumonia or
discharge from the hospital to assess recovery status and post-recov-
ery persistent or new symptoms. Patients with incomplete data or
discharge on their responsibility before completion of treatment or
not attended 14-day post discharge or recovery visit were excluded.
The main outcome for the study was defined as receiving mechani-
cal ventilation, length of ICU stay, duration of hospital admission,
degree of lung damage according to CT score, in-hospital death,
complete recovery, and partial recovery with persistent symptoms.
Approval of this study was provided by our Medicine College
Board.

Statistical analysis

Statistical analysis was performed using SPSS (Statistical
Package for the Social Sciences) ver. 23.0 (SPSS Inc., Chicago, IL,
USA). p-value of <0.05 was chosen for statistical significance.
Baseline clinical data of the patients and blood indices were
expressed as mean ± standard deviation for continuous variables or
as numbers with percentages for categorical data. Univariate and

multivariate logistic regression analyses were used to calculate the
odds ratio and confidence intervals [OR (CI)] and assess the associ-
ation of complete blood count indices and baseline characteristics
with in-hospital outcomes including length of hospital and ICU stay,
degree of lung damage according to CT score, receiving mechanical
ventilation, and in-hospital death and post- recovery status. Baseline
clinical characteristics, including age, sex, hypertension, diabetes
mellitus, chronic lung disease, smoking, BMI, previous coronary
artery disease, and complete blood indices underwent univariable
logistic regression to the in- hospital outcomes and post-recovery
status. Those with a p-value of <0.05 were candidates for inclusion
in the final multivariable logistic regression analysis.

Results

The initial study cohort included 127 patients with newly diag-
nosed COVID-19 who visited the outpatient clinic or admitted to the
hospital with features consistent with pneumonia. Of whom 26
patients were excluded because of nonattendance for second outpa-
tient clinic visit after 14-day from resolution of fever or hospital dis-
charge (n=20), discharge on their responsibility before completion
of treatment (n=4) or refuse receiving intubation (n=2), leaving 101
patients for final analysis. Of 101 patients enrolled in the study,
patients categorized into mild pneumonia (n=64) who were complet-
ed their treatment and follow up at home and moderate-severe pneu-
monia (n=37) who admitted to hospital, according to the clinical
severity of pneumonia and radiological findings.no one of patients
with mild pneumonia required hospital admission. Regarding 37
patients with moderate-severe pneumonia requiring hospital admis-
sion, 24 required ICU admission, 22 receiving mechanical ventila-
tion, and 9 died. Of the total 101patients, excluding 9 patients with
in-hospital death, 54 had complete recovery without persistent
symptoms related to COVID-19 infection. Twenty-three had persist-
ent shortness of breath requiring frequent O2 administration and 19
had persistent fatigue. Other less frequent post-recovery persistent
symptoms including persistent smell loss (n=3) and dizziness (n=2).
The baseline patients’ characteristics and complete blood indices
values re summarized in Table 1.

Univariate analysis of blood indices and
in-hospital outcome and post-recovery status

Univariate logistic regression analysis showed that low lympho-
cytes % was associated with increased risk of all in-hospital clinical
outcomes (p<0.05) while high neutrophils % was significantly asso-
ciated with increased risk for in-hospital death (p=0.04). initial PDW
and PMV were associated with increased risk for prolonged length
of hospital stay (p<0.00 and p=0.04, respectively) and ICU stay
(p<0.00 and p=0.03, respectively). High initial RDW was associated
with significant lung injury (p=0.03). There was no association
between other blood indices (neutrophil count, lymphocyte count,
platelet count, Hb, RBC, and MCV) and in-hospital outcomes (Table
2). Regarding the association of blood indices and post-recovery sta-
tus, increased initial lymphocytes % and high initial MPV were sig-
nificantly associated with complete recovery (p=0.02) while low ini-
tial Hb and high initial neutrophil % were associated with increased
risk for post recovery persistent shortness of breath (p=0.03 and
p=0.02, respectively) and post-recovery persistent fatigue (p=0.04)
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(Table 3). There was no association between other blood indices
measured at baseline (neutrophil count, lymphocyte count, platelet
count, RBC, MCV, RDW, and PDW) and post- recovery status or
persistent symptoms (Table 3).

Multivariate analysis

In a multivariable logistic regression analysis that included sta-
tistically significant univariate clinical characteristics and statistical-
ly significant univariate blood indices with in-hospital outcome and
post-recovery status, we found that old age [0.6(0.1-0.5), p<0.00]
and low lymphocytes % [0.2(0.0-0.2, p=0.03], increased the odds of
ICU stay length while old age [0.5(0.1-0.5), p<0.00], high PMV
[0.9(1.1-5, p<0.00], high PDW [0.3(0.4-1.9), p<0.00], low lympho-
cytes % [0.2(0.0-0.2), p=0.02] and non-smoking [0.2(0.7-8),
p=0.02] increased the odds of length of hospital stay. Decreased
lymphocytes % showed significant independent association with
increased risk for mechanical ventilation use [0.9(0.9-1), p=0.04],
extensive degree of lung injury [0.2(0.1-0.7), p<0.00] and in-hospi-
tal death [0.5(0.3-0.8), p=0.01] (Table 4).

Regarding the association of significant variables in univariate
analysis with recovery status, high lymphocytes % [0.9(0.9-1),
p<0.00], high PMV [0.3(0.3-0.8), p=0.02] and age less than 45 year
[1(0.9-1), p=0.04] were significantly associated with complete
recovery while old age (>45 year) [1.1(1-1.1), p=0.04] and increased
neutrophil % [1(1- 1.1), p=0.04] were associated with increased risk
for post recovery persistent shortness of breath and fatigue, respec-
tively (Table 5).

Discussion

Some novel findings were found. First, decreased lymphocytes
% at baseline showed significant independent association with
adverse in-hospital outcome, including degree of lung injury,
receiving mechanical ventilation and in-hospital death. However
no significant independent association was observed between
decreased lymphocytes % and post-recovery persistent symptoms.
On the other hand, increased neutrophil % was significantly asso-
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Table 1. Patients’ characteristics.

Variables                                                        n(%) or mean±SD

Age (years)                                                                                      47±16
Male                                                                                                53(53%)
BMI                                                                                                     28±4
Obesity (BMI≥30)                                                                       40(40%)
Hypertension                                                                               47(46.5%)
Diabetes mellitus                                                                         32(32%)
Coronary artery disease                                                               9(9%)
Smoking                                                                                          28(28%)
Chronic lung disease                                                                   23(23%)
Blood indices                                                                                        
WBC, × 109/L                                                                                  9.3±4
Lymphocytes count, × 109/L                                                      1.9±1.4
Lymphocyte percentage                                                             23±15
Neutrophils count, × 109/L                                                         6.7±4
Neutrophils percentage                                                             69±18
Red blood cell count, 106/ L                                                      4.6±0.6
Hemoglobin, g/dl                                                                         12.5±2
MCV, fl                                                                                              86±6
RDW, %                                                                                           44.6±4
Platelets count, × 109/L                                                            259±100
PDW, %                                                                                           12.6±2
PMV, fl                                                                                                9±1
Mild pneumonia                                                                          64(63%)
Moderate-severe pneumonia                                                  37(37%)
In-hospital outcomes                                                                         
Length of ICU stay                                                                         19±9
ICU admission, n                                                                        24(24%)
Length of hospital stay                                                                17±10
Hospital stay, n                                                                            37(37%)
Mechanical ventilation use                                                      22(22%)
Death                                                                                               9(9%)
Complete recovery                                                                    54(53%)
Post recovery persistent symptoms                                                
Shortness of breath (O2 dependent)                                   23(23%)
Fatigue                                                                                         19(19%)
Smell loss                                                                                       3(3%)
Dizziness                                                                                        2(2%)

BMI, body mass index; ICU, intensive care unit; MCV, mean cell volume; PDW, platelet distribution
width; PMV, platelet mean volume; RDW, red blood cell distribution width; WBC, white blood cell count. 

Table 2. Univariate regression analysis of blood indices and in-hospital clinical outcomes.
                                           Length of                      Length of                       Degree of                     Mechanical                    In-hospital
                                            ICU stay                     hospital stay                   lung injury                 ventilation use                      death
                                             p-value                           p-value                           p-value                           p-value                           p-value

WBC                                                      0.81                                            0.65                                            0.68                                            0.45                                            0.60
Lymphocytes%                                  <0.00                                          0.01                                          <0.00                                        <0.00                                        <0.00
Neutrophil%                                        0.67                                            0.61                                            0.62                                            0.69                                            0.04
Lymphocyte count                             0.98                                            0.80                                            0.85                                            0.20                                            0.54
Neutrophil count                               0.75                                            0.58                                            0.76                                            0.51                                            0.56
RBC                                                       0.39                                            0.29                                            0.57                                            0.48                                            0.20
Hb                                                          0.18                                            0.16                                            0.39                                            0.36                                            0.47
MCV                                                       0.79                                            0.62                                            0.34                                            0.78                                            0.48
RDW                                                      0.56                                            0.63                                            0.03                                            0.87                                            0.22
Platelet count                                     0.49                                            0.46                                            0.89                                            0.13                                            0.39
PDW                                                     <0.00                                        <0.00                                          0.25                                            0.12                                            0.13
PMV                                                       0.03                                            0.04                                             .91                                             0.32                                            0.43
WBC, white blood cell count; RBC, red blood cell count; Hb, hemoglobin; MCV, mean cell volume; RDW, red blood cell distribution width; PDW, platelet distribution width; PMV, platelet mean volume.
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Table 3. Univariate regression analysis of blood indices recovery status.

                                                             Complete recovery                                      Post-recovery                                    Post-recovery fatigue
                                                                                                                 shortnessof breath (O2 dependent)                                    
                                                                       p-value                                                     p-value                                                     p-value

WBCs                                                                                     0.18                                                                              0.57                                                                              0.96
Lymphocytes %                                                                  <0.00                                                                            0.81                                                                              0.94
Neutrophil %                                                                        0.24                                                                              0.02                                                                              0.04
Lymphocyte count                                                              0.14                                                                              0.68                                                                              0.83
Neutrophil count                                                                0.20                                                                              0.64                                                                              0.97
RBC                                                                                        0.58                                                                              0.70                                                                              0.33
Hb                                                                                           0.29                                                                              0.03                                                                              0.04
MCV                                                                                        0.63                                                                              0.92                                                                              0.41
RDW                                                                                       0.69                                                                              0.49                                                                              0.30
Platelet count                                                                      0.36                                                                              0.38                                                                              0.27
PDW                                                                                       0.08                                                                              0.07                                                                              0.05
PMV                                                                                        0.01                                                                              0.08                                                                              0.19
WBC, white blood cell count; RBC, red blood cell count; Hb, hemoglobin; MCV, mean cell volume; RDW, red blood cell distribution width; PDW, platelet distribution width; PMV, platelet mean volume.

Table 4. Regression analysis of blood indices and in-hospital outcomes.

                                                                                                     Length of ICU stay                                    
Variables                                                                                               OR(CI)                                        p-value

Age                                                                                                                                      0.6(0.1-0.5)                                                   <0.00
Low lymphocytes %                                                                                                         0.2(0.0-0.3)                                                     0.03
Length of hospital stay                                                                                                                                                                                
Age                                                                                                                                    0.5(0.1-0.5)                                                   <0.00
High PDW                                                                                                                        0.3(0.4-1.9)                                                   <0.00
High PMV                                                                                                                          0.9(1.1-5)                                                     <0.00
Non-smoking                                                                                                                    0.2(0.7-8)                                                       0.02
Low lymphocytes %                                                                                                      0.2(0.0-0.2)                                                     0.02
Degree of lung injury                                                                                                                                                                                   
Age                                                                                                                                    0.6(0.5-1.4)                                                   <0.00
Low lymphocytes %                                                                                                      0.2(0.1-0.7)                                                   <0.00
Smoking                                                                                                                             0.1(2-19)                                                       0.01
Mechanical ventilation use                                                                                                                                                                         
Age                                                                                                                                     1.1(1-1.2)                                                     <0.00
Low lymphocytes %                                                                                                        0.9(0.9-1)                                                       0.04
Smoking                                                                                                                           0.1(0.1-0.9)                                                     0.04
In-hospital death                                                                                                                                                                                           
Low lymphocytes %                                                                                                      0.5(0.3-0.8)                                                     0.01
Coronary artery disease                                                                                                 4(1.2-7)                                                        0.03

Significant variables with p-value<0.05 in the univariate logistic regression model were entered in the final model; Only variables significant with p-value <0.05 were displayed in the table. OR (CI), Odds ratio and
confidence intervals; PDW, platelet distribution width; PMV, platelet mean volume.

Table 5. Regression analysis of blood indices with recovery and post recovery persistent symptoms.

Complete recovery                                                                                      

High lymphocytes %                                                                                                         0.9(0.9-1)                                                     <0.00
High PMV                                                                                                                           0.3(0.3-0.8)                                                     0.02
Age                                                                                                                                         1(0.9-1)                                                        0.04
Post recovery shortness of breath                                                            

Age                                                                                                                                        1.1(1-1.2)                                                       0.04
Post recovery persistent fatigue                                                               

High neutrophil %                                                                                                              1(1-1.1)                                                        0.04
Significant variables with p-value<0.05 in the univariate logistic regression model were entered in the final model; Only variables significant with p-value <0.05 were displayed in the table. OR (CI), Odds ratio and
confidence intervals; PMV, platelet mean volume.
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ciated with post-recovery persistent fatigue. Second, platelet
indices of size and function, but not platelet count, showed signif-
icant independent association with prolonged length of hospital
stay and complete recovery.

Because of rapid progression and considerable impact of
COVID-19 infection, it is crucial to identify markers associated
with predication of complications and discrimination of critical
and severe cases of COVID-19 at an early stage, which are useful
for early initiation of therapeutic intervention to improve short-
and long-term prognosis. Notably, only a few numbers of studies
reported on the outcome of COVID-19 infection, such as in-hospi-
tal adverse outcome and post-recovery persistent symptoms
[4,5,7].

Early epidemiological studies have showed that clinical char-
acteristics, such as age, hypertension, non-smoking, and blood
indices, such as decreased lymphocyte count, increased neutrophil
count, and thrombocytopenia play a role in the disease progression
and severity [5,7]. A recent meta-analysis included 15 studies,
which presented results of routine blood tests carried out in
patients with COVID-19, found that patients with severe COVID-
19 had increased neutrophil % but decreased lymphocyte and
platelet counts. Further sensitivity analysis did not change the con-
clusion about neutrophils and lymphocytes, whereas the results
regarding platelets were inconsistent [6].

The exact role of neutrophil in the pathogenesis of COVID-19
related post-recovery persistent fatigue has not been fully elucidat-
ed yet. The prolonged activation of neutrophils may lead to
increased production of pro-inflammatory mediators and toxic
substances, which is detrimental to the host in the short-term peri-
od [6]. Therefore, these toxic substances may be the possible
explanation for the significant association of increased neutrophil
% with persistent fatigue. As described previously in the literature,
persistent fatigue following viral infection has been associated
with a large number of differing changes in the inflammatory
markers and immune cell populations [6,8]. Patients with persist-
ent fatigue following viral infection have an increased rate of apop-
tosis, increased expression of the death receptor, and tumor necro-
sis factor receptor I on their neutrophils than healthy controls,
which is indicative of a persistent or reactivating viral infection or
a toxic state [8].

The significant association of decreased lymphocytes % with
adverse in-hospital outcomes was in line with previous studies in
China, Singapore, US and Australia [9- 13]. In a meta-analysis
conducted by Huang et al., the researchers found that decreased
lymphocyte count was associated with threefold risk of poor out-
come in severe COVID-19 infection [10]. Also, Guidelines for
Australia and New Zealand, released in March 2020, reported
decreased lymphocytes count and % as prognostic marker for
severe disease in COVID-19 cases [14]. Besides, decreased lym-
phocyte count and % is critical factor associated with disease
severity and mortality among older patients (>60 years) who have
more systemic symptoms [15].

A possible reason for lymphocytes reduction and destruction
by SARA-COV-2 may be related to the expression of the coron-
avirus angiotensin-converting enzyme 2 receptor, a major link in
the pathogenesis of COVID-19 leading to renin-angiotensin-aldos-
terone system overactivation and to increased lung damage, on the
lymphocytes [6]. Another reason may be that COVID-19 infection
causes the production of several inflammatory mediators and
cytokines, recognizable as a cytokine storm, which leads to apop-
tosis of lymphocytes and atrophy of lymphoid organs [4,16].

Based on the available evidence from several studies,
decreased platelet count is reported to be associated with increased

mortality among critically ill COVID-19 patients [3,4,17].
However, most of these studies are observational and retrospective
making the correlation seen difficult to extrapolate from. Besides,
a significant bulk of these studies originating in Wuhan, China, it
is possible patients may have been used in more than one study as
data was collected from the same location [18].

In line with our results, Manne BK et al found that non-ICU and
ICU COVID-19 patients had a platelet count in the normal reference
range. Also, platelet counts did not correlate with markers of inflam-
mation. According to the results of Manne et al.’s study, platelets
may be not the main contributor, as other blood cells, for increased
risk of morbidity and mortality related to COVID-19 infection [19];
additionally, a prior study showed that previous strains of coron-
avirus had no effect on platelet counts in infected patients, suggest-
ing COVID-19 has different effects on platelets [20].

In the present study, high PDW and PMV, but not platelet
count, showed a significant association with prolonged length of
hospital stay. Also, high PMV, but not PDW, was associated with
increased rate of complete recovery. In the literature, increased
PMV and PDW have been reported in patients with sepsis, PDW
was found to be a poor prognostic marker in severe sepsis [9,21].
MVP, as a marker of platelet size and age, and PDW, which reflects
the variance in platelet size, and is considered a marker of platelet
function and activation, have shown to correlate with platelet
activity and are considered a markers of platelet activity [17].
Thus, increased MPV and PDW in COVID-19 suggests that these
platelets may present in hyperactive state. Consistent with our
results, patients with high PDW and high MPV were significantly
associated with the worse survival in a study conducted in severe
and critically ill COVID-19 patients diagnosed in Huangshi City,
Hubei Province, China [22]. Higher platelet turnover leads to con-
siderable change in platelets size and increased release of young
platelets, which is functionally more active than older platelets that
have higher volumes leading to high MPV as is found in COVID-
19 patients. Thus, increased PMV may represent a sensitive indi-
cator of the capacity of the bone marrow to compensate for platelet
turnover [9,14]. Nevertheless, the potential underlying mecha-
nisms linking increased MPV with good prognosis in patients with
COVID-19 pneumonia in the present study, even though PMV
showed a significant association with prolonged length of hospital
stay during acute period of COVID-19 pneumonia, remain elusive
requiring further investigation.

Our study has some limitations. Some patients were excluded
from regression analysis because of incomplete data or loss of fol-
low up second visit. Data of post-recovery persistent loss of smell
(n=3) and dizziness (n=2) did not enter in the regression analysis
due relatively very small number. The results of our study may be
a potential avenue for further investigation regarding the prognos-
tic role of platelet indices in COVID-19 progression and possible
therapeutic intervention.

In conclusion, low lymphocytes % and high neutrophil % are
useful markers for predicting adverse in-hospital outcome and
post-recovery persistent fatigue, respectively. High PMV and lym-
phocyte % showed significant association with favorable short-
term prognosis.
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