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Abstract

Background: Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)
SARS-CoV-2 assay remains the common test used to detect the coronavirus
infection worldwide. Complete blood count (CBC) is a rapid and cost-effective
test compared to RT-PCR, thus, it would be worthy to find a hematological
indicator for SARS-CoV-2 infection. Objectives: This study aims to assess
the efficacy of CBC indices as an initial diagnostic test for coronavirus 2019
(COVID-19) infection, which might be helpful during the outbreak of the
disease. Materials and Methods: A retrospective, hospital based and case
control study was carried out at Gezira isolation center for COVID-19, Gezira
State, Sudan in the period from January to May 2021. A total of 178 COVID-
19 patients with positive RT-PCR SARS-CoV-2 assay result and another 178
volunteers of apparently healthy people were included in this study. CBC as
well as D-dimer and C-reactive protein (CRP) were recorded from patient’s
file and neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR) and lymphocyte-to-monocyte ratio (LMR) were calculated. Data were
analyzed using Statistical Package for Social Science (SPSS) version 20. Re-
sults: Neutrophil percentage, total white blood cells (TWBCs) and platelet
(PLT) were higher in the COVID-19 patients compared to their control,
whereas, lymphocyte and monocyte showed lower percentages among the
COVID-19 patients. Although the differences that observed in the means of
PLT, neutrophils and monocytes between the case and control group were
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significant, all these mean values of both groups were lying within the normal
range. On the other hand, there was a highly significant elevation in NLR and
PLR and quite good increasing in LMR level among COVID-19 patients com-
pared to their control. The results of receiver operating characteristic curve
(ROC) analysis showed that the area under the curve of NLR, PLR and LMR
were 0.948 (P. value = 0.00, 95% CI: 0.925 - 0.972), 0.925 (P. value = 0.00,
95% CI: 0.896 - 0.954) and 0.643 (P. value = 0.00, 95% CI: 0.584 - 0.702), re-
spectively, suggesting the efficacy of using these tests as diagnostic tests for
COVID-19 infection. D-dimer and CRP level were highly elevated in COVID-
19 patients with significant differences compared to control group. Recom-
mendation: The study recommends using NLR, PLR and LMR as rapid ini-
tial diagnostic test for SARS-CoV-2 infection in the area/time of disease spread
out.
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1. Introduction

In December 2019 a novel coronavirus severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) was occurred and causing coronavirus disease 2019
(COVID-19). The disease was initially introduced and reported to World Health
Organization (WHO) on December 31, 2019 with outbreak of pneumonia of un-
known origin in Wuhan, Hubei Province of China. On January 30, 2020, WHO
declared the COVID-19 outbreak as public health emergency of international
concern and later on as pandemic on March 11 [1] [2] [3].

Sudan confirmed the first imported case on 3rd March 2020. However, by the
end of April 1, 2022, the total cases in Sudan had increased up to 61955 with
4907 deaths [4].

Coronaviruses are a large family of viruses that cause illness in human. There
are several types of these viruses that are implicated in causing respiratory infec-
tions among human with different degrees of severity, the most common is Mid-
dle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome
(SARS) [5].

There are several symptoms for COVID-19, while the most common are gen-
eral tiredness, fever, and dry cough. The disease may accompany further symp-
toms such as sore throat, nasal congestion, or diarrhea. Approximately, up to
80% of the patients can be recovered from the disease before referring to the
hospital. On the other hand, fifth of COVID-19 patients develop severe illness
and suffer difficulty breathing. People with different medical problems such as
diabetes mellitus, hypertension, heart diseases, lung problems, and cancer are at
higher risk of severe illness [6].

The clinical diagnosis of COVID-19 is mainly based on clinical manifesta-
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tions, molecular diagnosis by RT-PCR, CT scan or chest x-ray, and several blood
tests. Interestingly, several studies reported the alterations in various hemato-
logical parameters in patients with COVID-19, whereas the most common are
lymphopenia, leukopenia, and thrombocytopenia. On the other hand, elevated
CRP and D-dimer levels and other inflammatory markers, and abnormal renal
and liver function were also reported previously [7]-[12]. Therefore, a retrospec-
tive analysis was done to assess the effect of COVID-19 on D-dimer, CRP and
various hematological parameters among Sudanese COVID-19 patients hospita-

lized in Gezira State, central Sudan.

2. Materials and Methods
2.1. Study Design

A retrospective, hospital based and case control study was conducted on COVID-
19 patients who were admitting at Gezira isolation center for COVID-19, Gezira

State, Sudan in the period from January to May 2021.

2.2, Study Population and Sampling

The study recruited 178 subjects diagnosed to have COVID-19 and confirmed
by positive (RT-PCR) SARS-CoV-2 assay result using nasopharyngeal swab sam-
ples [13]. The study also included 178 volunteers of apparently healthy people
without any symptoms of COVID-19 or history of blood diseases taken as con-
trol group. Files of COVID-19 patients were selected randomly from the hospital
medical records. D-dimer, CRP, WBCs, red blood cells (RBCs), hemoglobin (Hb),
PLT, neutrophils, lymphocytes and monocytes of each subject were taken from
patient’s file, while NLR, PLR and LMR were calculated.

2.3. Inclusion and Exclusion Criteria

Hospitalized subjects with positive COVID-19 and negative subjects with all ages
and both sexes were included in this study, while subjects with history of a dis-
ease which could influence the hematological profile or other medical condition

such as liver disease or cardiovascular disease were excluded.

2.4. Ethical Consideration

The study was approved by the Ethics Committee of Faculty of Medicine, Uni-
versity of Gezira as well as the Ethics Committee of Ministry of Health, Gezira
State, Sudan.

2.5. Data Analysis

The data were analyzed using Statistical Package for Social Science, Version.20.0.
Independent samples t-test was used to compare the means of all study parame-
ters between case and control groups. The results were presented as mean + SE
and P < 0.05 was considered as significant at 95% confidence interval. ROC

curve analysis was used to obtain the diagnostic values of NLR, PLR and LMR.
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3. Results
3.1. Study Population

A total of 356 subjects were recruited in this study, which included 178 patients
with positive (RT-PCR) SARS-CoV-2 assay result, were admitting at Gezira iso-
lation center for COVID-19 and 178 subjects of apparently healthy people who
taken as control. About two third (65.2%) of the COVID-19 patients in this

study were males while females represented 34.8% of the total patients.

3.2. Complete Blood Count

As can be seen in Table 1, there were significant differences between the case
and control in the means of CBC component except RBCs (Figure 1(a)) and Hb
(Figure 1(b)). However, the PLT count was higher in the COVID-19 patients
compared to their control (Figure 1(c)). While the patient group presented
higher TWBCs count and neutrophil percentage, their lymphocyte and monocyte
showed lower percentages in comparison to control group (Figures 2(a)-(d), re-
spectively). Although the differences that observed in the means of PLT, neu-
trophils and monocytes between the case and control group were significant, all

these mean values of both groups were lying within the normal range.

Table 1. Comparison of CBC means between case and control.

COVID-19 patients Control
Parameter P. Value
N (mean + SE) N (mean + SE)
TWBCs (x10%/L) 14.22 +0.56 6.26 + 0.16 0.00
RBCs (x10'%/L) 4.49 +0.05 4.59 + 0.04 0.10
Hb (g/dl) 13.06 £ 0.15 13.34 £ 0.13 0.16
PLT (x10°/L) 178 324.38 + 12.61 178 245.62 £ 6.64 0.00
Lymphocyte (%) 13.78 £ 0.80 38.45 +0.79 0.00
Monocyte (%) 3.32+0.24 11.65 £ 0.40 0.00
Neutrophil (%) 83.04 £ 0.85 49.90 £ 0.93 0.00
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Figure 1. Distribution of the study subjects according to different (a) RBCs counts (b) Hb
concentrations (c) PLT counts.

Frequency

3.3.NLR, PLR and LMR Ratios

In order to gain better insight regarding diagnostic value of neutrophils, platelet
and monocytes, receiver operating characteristic curve (ROC) analysis of NLR,
PLR and LMR ratios were done. The results showed that the area under the
curve of NLR, PLR and LMR were 0.948 (P. value = 0.00, 95% CI: 0.925 - 0.972),
0.925 (P. value = 0.00, 95% CI: 0.896 - 0.954) and 0.643 (P. value = 0.00, 95% CI:
0.584 - 0.702), respectively (Figure 3).

3.4. D-Dimer and CRP Levels

Table 2 presents the plasma level of D-dimer and CRP in both COVID-19 pa-
tients and their control group. The estimation of D-dimer was done for only 200
subjects (100 case and 100 control). However, the mean of plasma level of D-
dimer was clinically elevated (almost 7 times above the reference value) in the
patients group (Figure 4(a)) and the comparison of this mean with that ob-

tained by the control group showed high significant difference between the two
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Figure 2. Distribution of the study subjects according to different (a) TWBCs counts (b)
neutrophil counts (c) lymphocyte counts (d) monocyte counts.
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Table 2. Comparison of D-dimer and CRP means between case and control.

COVID-19 patients Control
Parameter P. Value
N (mean + SE) N (mean + SE)

D-dimer (ng/ml) 100 3373.29 £ 334.85 100 357.38 £61.33 0.00

CRP (mg/L) 178 123.29 + 8.12 178 5.22 £ 0.56 0.00
ROC Curue
1.0
Source of the Curve
— NLR
— OLR
_ LMR
08 — Reference Line
2 0.6
2
b=
7]
c
P 047
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity
Diagonal segments are produced by ties.
Figure 3. The ROC curves of NLR, PLR and LMR for differentiating between the COVID-

19 patients and their control.
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Figure 4. Distribution of the study subjects according to different (a) D-dimer levels (b)
CRP levels.

groups (P. value = 0.00). A similar pattern was also observed with the CRP level
(Figure 4(b)), showing elevation in the patient group up to 11 times above the
reference value, with a significant difference in the means between the patient

and control groups (P. value = 0.00).

4. Discussion

In this study, the majority (two third) of the COVID-19 patients were males, this
finding is consistent with other studies, showing that COVID-19 was more
common among males compared to their counterpart [14] [15] [16] [17].

The comparison of CBC results between the COVID-19 patients and their
control revealed various alterations had occurred in the hematological indica-
tors. There were no differences noticed in the RBC count and Hb concentration
between the two groups. These results were similar to earlier studies conducted
on COVID-19 patients in different populations [9] [10] [14] [18]. However, in
comparison to control group, the COVID-19 patients showed higher neutrophil
percentage, WBCs and PLT counts, and lower lymphocyte and monocyte per-
centage. The substantial decreasing that observed in the lymphocyte percentage
among patients group and the significant difference of its mean when compared
with that of control group, suggest lymphopenia is an important hematological
characteristic of these patients. Indeed, majority of the studies that related to
COVID-19 indicated lymphopenia among patients with COVID-19 was com-
mon and proposed the reliability of using lymphocyte count as a diagnostic test
for the disease [7] [9] [12] [19]. The means of neutrophils, PLT and monocytes
in both case and control groups were lying within the normal range, despite the
significant differences that observed between the two groups. Therefore, and for
getting more insight, NLR, PLR and LMR ratios were calculated and the results
showed highly significant elevation in NLR and PLR and quite good increasing
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in LMR level among COVID-19 patients compared to their control, whereas
ROC analysis diagnostic values suggest the efficacy of using these tests as diag-
nostic tests for COVID-19 infection. However, several studies reported the di-
agnostic and prognostic roles of NLR, PLR and LMR tests in coronavirus disease
[19] [20] [21] [22]. On the other hand, although the ratio of NLR, PLR and LMR
were found to have predictive value for prognosis of various diseases such as
esophageal cancer [23], osteosarcoma [24], Crohn’s Disease [25] and Erythema
Nodosum Leprosum [26], but using of these tests along with the other symp-
toms and clinical examinations during COVID-19 outbreak would be valuable in
the diagnosis of this disease.

On the other hand, both D-dimer and CRP levels showed significant differ-
ences between COVID-19 patients and their control group. In other words, ap-
proximately 7 times elevation in D-dimer level was observed with COVID-19
patients and more than 9 times when compared to control group, whereas CRP
level increased up to 24 times in these patients compared to control group and
11 times above the reference value. The high elevation in plasma level of D-dimer
and CRP among COVID-19 patients was previously reported by different studies
[10] [14] [16] [17] [19].
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