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Abstract

Background: Severe acute respiratory syndrome coronavirus (SARS-CoV)-2, a novel virus, has spreading
globally, leading the World Health Organization to declare a pandemic. This study aims to ascertain the changes
in haematological and immunological parameters in COVID-19 patients. Methods: Data from 109 confirmed
COVID-19 patients admitted for treatment in the Isolation Centre at Al-Zawia city between 16 September and
29 December 2020 were retrospectively analyzed. Demographic, clinical, and laboratory data were extracted
from electronic medical records and compared with those of 52 healthy controls.Results: The laboratory tests
included blood routines and cellular and inflammatory biomarkers compared with healthy controls.
Hospitalized patients had higher WBC (p<0.0001), platelet (P= 0.0060), NEU (P<0.0001), and RBC
(P<0.0001) counts. C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) scores were compared
with the normal range where data were not available from healthy controls and the results showed significantly
higher levels in patients with Covid-19 (p<0.0001). Conversely, lymphocyte (LYM) counts were significantly
lower in Covid-19 patients (P<0.0001).  Conclusion: Complete blood count (CBC) and inflammatory
biomarkers, including CRP and ESR, can help clinicians to assess the severity and prognosis of patients with
COVID-19.
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1. Introduction

Since December 2019, a novel coronavirus called severe acute respiratory syndrome coronavirus 2 (SIARS-
CoV-2) has spread globally [1, 2]. SARS-CoV-2 infection has a wide clinical spectrum, ranging from
asymptomatic infection, mild respiratory disease, and severe pneumonia with acute respiratory failure and even
death [3, 4]. The most common symptoms include cough, fever, shortness of breath, weakness, malaise, and
respiratory distress [3, 5]. The severity of the disease can be divided into four types based on the clinical
manifestations of the patient’s disease and treatment with different measures: mild, moderate, severe, and
critical [6]. Patients with mild to moderate disease develop respiratory symptoms within the second week and
may not require admission to hospital. Meanwhile severe and critically ill patients admitted to an intensive care
unit (ICU) progress to serious complications such as shock, sepsis, and acute cardiac and kidney injury [3, 7].
According to the World Health Organization (WHO), about 80% of infected people have mild to moderate
infections, 13.8% have severe infections, and 6.1% have critical illness [6]. Severe respiratory disease can be
displayed in elderly and specific groups of patients with underlying medical conditions such as hypertension,
chronic lung disease, diabetes, and cancer. These patients have a high risk of mortality [8, 9]. Enormous
research activity across the globe has been devoted to the development of predictors of COVID-19 disease
severity in an effort to rapidly determine and assess infection [10]. Laboratory biomarkers and blood tests have
an important role in the early diagnosis of the current novel coronavirus pandemic. As the most routine and
inexpensive laboratory procedure, blood tests have been used to provide clinicians with convenient assistance in
evaluating a patient's condition [8, 11]. Analysis of the clinical characteristics of 1099 patients with COVID-19
showed abnormal parameters for lymphocytes and platelets in the peripheral blood of some patients [9].
Furthermore, complete blood counts (CBCs) present values such as white blood, neutrophil, lymphocyte and
platelet counts, mean platelet volume and certain ratios of these values. The ratios of these parameters are also
used as inflammatory markers [12]. C-reactive protein (CRP) is a universal inflammatory predictor which has
been associated with disease development, and it is an early predictor in the diagnosis and prognosis of COVID-
19[13]. Therefore, laboratory findings are essential in evaluating the condition, diagnosis and treatment of
COVID-19 patients. The purpose of this study was to analyze the haematological parameters neutrophils,
lymphocytes, white blood cells, platelets and immune parameters (ESR and CRP) so as to differentiate COVID-

19 hospitalized patients from a control group in order to determine the predictors of severe illness.

2. Data collection

The study retrospectively enrolled 109 confirmed COVID-19 patients who were hospitalized in the Isolation
Centre located in Al-Zawia city between September 16 and December 29, 2020. A total of 109 confirmed
Covid-19 patients were defined as positive cases after the detection of SARS-CoV-2 RNA in oro-
nasopharyngeal swab samples. Only laboratory-confirmed cases were included in this study. Also, 52 healthy
controls without any chronic disease or respiratory symptoms were recruited for the control group.
Demographic data and laboratory values were extracted from electronic medical records and patient files. The
following variables were recorded for each patient: age, sex, diabetes, and hypertension, and laboratory
assessments consisted of a complete blood count and measures of inflammatory biomarkers such as blood
sedimentation ESR and CRP.
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3. Statistical analysis

Statistical analyses were performed using Graph Pad Prism software Version 7. Categorical variables were
described as counts and percentages, and continuous variables were described using values of median and
interquartile range (IQR). Differences between the two groups were determined using the Mann-Whitney U test.
Statistical significance was defined as P < 0.05.

4, Results

4.1 Basic characteristics of the patients

The median age of the 109 patients was 62 years (interquartile range, 71-50.5; range, 30-95 years), and 59
(45.12%) were male and 50 (45.87%) female. So men had more disease than women. In terms of coexisting
disorders, diabetes was higher (N=44, 40.3%) than hypertension (N=30, 27.5%) in this group (see Table 1).

Table 1: Clinical characteristic of the 109 patients

Characteristic Hospitalized COVID-19 patients Healthy controls
(109) (52)

Age, Median, (IQR), range, 62 (50.5-71) 30-95

years

Male sex 59 (54.12) 10 (19.20)

No. (%)

Female sex 50 (45.87) 42 (80.70)

No.(%)

Coexisting disorder

No. (%)
Diabetes 44 (40.3)
Hypertension 30 (27.5)

4.2 Blood routine and inflammatory biomarker

Table 2 presents the parameters of blood routines in patients with COVID-19 and healthy controls. Blood
routine tests were conducted for all patients after admission to the Centre. The results show that patients with
COVID-19 had higher white blood cell (WBC) (11.9 vs 6.95x10%uL; P < 0.0001), neutrophil (NEU) (10.6 vs
3.7x10%uL; P < 0.0001), platelets (294 vs 236.5x10%/uL; P = (0.0060) and red blood cell (4.83 vs 4.32x10°/uL;
P<0.0001) counts. Lymphocyte counts were significantly lower (0.9 vs 2.2x10%uL) in COVID-19 patients
(P<0.0001). The concentration of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) were
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compared to the normal ranges since data from healthy controls were not available, and the results were
significantly higher in COVID-19 patients (P< 0.0001).-

. Table 2: Laboratory findings for the 109 patients

Parameters Reference rang Hospitalized group Healthy controls P value
Median (IQR) Median (IQR)
Total (N = 109) Total (N =52)
WBC 4-11 11.9 6.95(5.75-8.32) <0.0001
x10%/UL (8.55-16.9)
PLT x10UL  150-400 294 (192-356.5) 236.5 (183.75-285) 0.0060
LYM 15-3 0.9 (0.6-1.35) 2.2 (1.6-2.67) <0.0001
x10%/UL
NEU 15-5.0 10.6 (7.2-15.1) 3.7 (3.02-5.27) <0.0001
x10%/UL
RBC x10%UL  .3.80-5.80 4.83 (4.31-5.15) 4.32 (4.50-3.65) <0.0001
CRP mg/L 0-10 1245 (51-181.02) NA <0.0001
ESR mm/1h 0-15 83 (58-107) NA <0.0001

Data are presented as median (IQR), N is the total number of patients with available data. NA indicates that data
were not available. P values are from Mann-Whitney U tests comparing patients and healthy controls.

Differences were significant at <0.05 level

5. Discussion

The study population consisted of 59 (54.12%) male and 50 (45.87%) female patients, ranging in age from 30—
95 years. Their coexisting conditions are listed in Table 1. Diabetes and hypertension represent 44 (40.3%) and
30 (27.5%) of the total respectively. In the present study, we mainly analyzed and summarized the results of the
laboratory examination of samples from COVID-19 patients, especially for haematological and immunological
parameters. These markers are from complete blood counts (CBCs), which are simple and inexpensive and
provide several useful prognostic markers. Thus, such tests can be regularly performed by many clinicians [14].
In the current study, significantly lower lymphocyte levels were found in COVID-19 patients, which is in line

with previous researches [15, 16, 17]. Liu and his colleagues also found that lymphocyte counts were decreased
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in patients with ARDS compared with those without ARDS [18]. The coronavirus family of SARS-CoV,
MERS-CoV and SARS-CoV-2 initiate lymphocytic depletion in infected patients and the mechanism for this
may involve the direct attack of the coronavirus on lymphocytes or the immune-mediated apoptosis of
lymphocytes [19, 20]. Thus, it is suggested that SARS-CoV-2 infection may affect T lymphocytes, causing a
reduction in their levels and resulting to disease progression [16]. Furthermore, leukocytosis and lymphopenia
have been commonly reported in COVID-19-positive patients [14]. It has been suggested that the viral particles
spread through the respiratory mucosa, using the ACE2 receptor at the level of ciliated bronchial epithelial cells
and then invading other cells. This will stimulate a cytokine storm in the body and triggers a series of immune
responses, which lead to alterations in peripheral WBCs and immune cells such as lymphocytes [17]. The results
show that white blood cell (WBC) and neutrophil (NEU) counts were significantly higher in COVID-19 patients
compared with healthy controls. This finding was consistent with previous study [16]. This may be related to the
cytokine storm induced by the invasion of the virus [21]. Several studies of COVID-19 have shown that patients
admitted to ICU are more likely to develop neutrophilia, which is an indicator of disease progression [21, 22,
23]. The platelet counts in hospitalized patients were significantly higher compared with healthy controls.
Although significant thrombocytopenia has been found in patients with severe COVID-19 infection associated
with disease severity and can be used as an indicator of clinical disease deteriorating during hospitalization [20,
22, 24]. However, only around 5% of hospitalized patients and 8% of those in the intensive care unit (ICU)
exhibited decreased platelet counts, perhaps due to serious infective/inflammatory conditions where endogenous
and iatrogenic factors affect the count [25]. Coronaviruses may also infect bone marrow elements, resulting in
abnormal haematopoiesis, or induce an auto-immune response against blood cells [26]. Increases in platelet
counts have also been observed in COVID-19 disease compared to patients with severe pneumonia but without
COVID-19 [14, 27]. In the current study, higher RBC levels were found in COVID-19 patients compared with
the controls. This result is inconsistent with previous research which found lower RBC; thus, it is not yet fully
identified whether SARS-CoV-2 affects erythrocytes [14]. Our study also found that the C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR) scores of COVID-19 patients were significantly higher,
suggesting that these indicators represent an early warning of the effect of the progression of the disease [21,
28]. Severe illness following SARS-CoV-2 infection was associated with a higher CRP level. Increased CRP
level observed in 75%-93% of sever patients [29]. Elevated CRP levels indicates the development of systemic
inflammatory response syndrome (SIRS) which is accompanied by release of massive inflammatory cytokines
producing a "cytokine storm" resulting to acute tissue damage, subsequent multi-systemic failure in patients
with severe cases of COVID-19. Thus it can be performed to assess whether patients are developing worsening
infection [30, 31]. CRP and ESR are used as clinical biomarkers for several inflammatory conditions, as their
levels increase during viral infection [14, 31]. Previous studies have found statistically significant differences in
ESR values between severe and non-severe COVID-19 cases, suggesting that the former are associated with
elevated ESR indicating the extensive response and expression of acute-phase protein [32]. The previous study
has several limitations. First, this study included a relatively small sample size. A large patients group will better
represent the importance of biomarkers tests in the diagnosis of COVID19 patients. Second, some other
important parameters such as coagulation parameters and other biochemical markers were not evaluated in this
study, and this is the subject of future work. Finally, demographic data including clinical symptoms other

comorbidities, and respiratory conditions were not included due to limited amount of data available and should
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be addressed with additional study.

6. Conclusion

In conclusion, COVID-19 is a new human infectious disease caused by a novel coronavirus SARS-CoV-2 and
has spread rapidly since first identified in Wuhan city and throughout China and across the world, causing
varying degrees of illness. The disease is associated with abnormalities in the parameters of peripheral blood
routines and inflammatory markers. Decreases in lymphocytes and increases in white blood cells, neutrophils,
platelets, and red blood cells are the most obvious abnormalities. Elevated C-reactive protein (CRP) and
erythrocyte sedimentation rates (ESR) are related to the severity of the disease and aid in clinical classification.
Therefore, parameters based on CBCs can be useful in predicting severity and differentiating COVID-19

patients from healthy controls.

7. Recommendations

In this study hematological and biochemical parameters are recommended at early stage of disease to investigate
any alterations. This may provide useful indication for patients who require ICU care to properly control the

outcomes of the pandemic.
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