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Abstract
Background: COVID19 is associated with a number of  laboratory characteristics and changes with different levels of  prog-
nostic significance. We report changes in lab findings between severe and non-severe COVID-19 in patients that had molecular 
testing of  nasopharyngeal swabs in Khartoum, Sudan 
Material and Methods: This was a descriptive cross-sectional study, conducted from Jan to May 2021. It included 66 preiden-
tified COVID19 patients who attended the isolation center at Jabra Hospital in Khartoum the capital city of  Sudan. Participants 
were enrolled for CBC, D-dimer and C-Reactive Protein testing. Among these participants, 21(31.8%) had  severe COVID19 
pneumonia.. Data were analysed using SPSS version 24, and the independent sample t-test was used to compare severe and 
non-sever cases.
Results: The mean values for all cases showed a mild decrease in Hb (9.53±1.83 g/dl), MCHC (28.3±2.91 g/dl); lymphocytes 
% (19.8 ±6.82);  increased RDW-SD (50.1±5.70 fL), D-dimer (4.2±3.73 μg/ml) and CRP (107.2±61.21 mg/dl). There were sig-
nificant d/span>differences in the laboratory findings between severe and non-severe COVID-19 cases in total WBCs (p value 
= .001), lymphocyte % (p value = .000), neutrophil % (p value=.038), RDW-SD (p value = .044), D-dimer (p value = .029) and 
CRP (p value = .044).
Conclusion: The laboratory findings of  CBC, D-dimer and CRP provide an essential contribution to predicti COVID-19 se-
verity and prognosis.
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Introduction
Globally, as of  4:00pm CET, 28 January 2022, there had 
been 364,191,494 confirmed cases of  COVID-19, in-
cluding 5,631,457 deaths, reported to the World Health 
Organization, WHO. As of  27 January 2022, a total of  
9,854,237,363 vaccine doses had been administered1. 
In the Sudan, from 3 January 2020 to 4:00pm CET, 28 
January 2022, there had been 57,106 confirmed cases of  
COVID-19 with 3,422 deaths, reported to the WHO. As 
of  24 January 2022, a total of  3,718,299 vaccine doses 
have been administered2. By 3rd March 2021,  all 18 states 

had reported cases, with Khartoum, Aj Jazirah, and Ge-
daref  amongst the hardest-hit. Although Khartoum State 
accounts for most of  the reported cases in the country, 
the majority of  COVID-19-related deaths have been re-
ported from outside the capital. The Sudan has seen a sig-
nificant increase in the number of  cases being reported 
each day up from about 10 cases per day at the start of  
November 2020 to between 200-300 cases a day later in 
November and early December 2020. [JKT1][M2][M3]By 
the end of  December 2020, the number of  average cas-
es per day reduced to about 200. From the second week 
of  January 2021, the average number of  daily cases went 
down to about 100, and from the beginning of  February, 
it reduced further below 25 cases, according to the federal 
ministry of  health data. Sudan’s health system was under 
extreme stress before the pandemic and has been further 
stretched by added responsibility of  preventing, contain-
ing and treating COVID-19. Approximately 81% of  the 
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population do not have access to a functional health cen-
ter within two hours of  their home and the situation is 
getting worse, as many clinics are closing during the pan-
demic. In Khartoum State alone, nearly half  of  the health 
centers closed during the pandemic, and Darfur had al-
ready closed a quarter of  their facilities in 2018 due to a 
lack of  funds and staff. The Sudan has only 184 beds in 
intensive care units (ICU) and approximately 160 of  them 
have ventilators, according to WHO. Only four ICU doc-
tors—three in Khartoum and one in Gezira State— are 
prepared to deal with patients infected with the virus, ac-
cording to a situation report of  the UN office for the 
coordination of  humanitarian affairs3.
 
Clinically, COVID-19 is characterized by multiple mani-
festations, including fever, shortness of  breath, persistent 
dry cough, chills, muscle pain, headache, loss of  taste or 
smell, renal dysfunction, and gastrointestinal symptoms. 
Analogous to other similar coronaviruses. It presents a 
wide spectrum of  signs and symptoms of  varying sever-
ity; some patients are asymptomatic, and others require 
critical care, including ventilation, dialysis, and extra-
corporeal membrane oxygenation. Disease severity and 
mortality rates are higher in older males and individuals 
with other comorbidities, including obesity, diabetes, car-
diovascular disease, and immunosuppression (such as 
cancer patients undergoing chemo- or radiotherapy and 
transplant patients). In contrast, women, children, and 
adolescents tend to be asymptomatic or mildly symptom-
atic, while still being contagious and contributing to viral 
transmission3-6.
 
On admission, lymphocytopenia was present in 83.2% of  
the patients, thrombocytopenia in 36.2%, and leukope-
nia in 33.7%. Most of  the patients had elevated levels 
of  C-reactive protein; less common were elevated levels 
of  alanine aminotransferase, aspartate aminotransferase, 
creatine kinase, and d-dimer. Patients with severe disease 
had more prominent laboratory abnormalities7. The lead-
ing clinical signs were fever, fatigue, cough, and head-
ache8. The prevalence of  symptoms significantly varied 
according to age and sex. Young patients more frequently 
had ear, nose and throat complaints, here as elderly indi-
viduals often presented fever, fatigue and loss of  appetite. 
Loss of  smell, headache, nasal obstruction and fatigue 
were more prevalent in female patients 9.
 

Many studies noticed some impacts of  viral infections on 
lab findings of  blood cells morphology, physiology and 
metabolism 10. Some recent studies demonstrate multi-pa-
rameter characteristics in lab findings associated with 
the 2019 novel coronavirus infection.  Therefore, and in 
light of  the above, we aimed in our study to compare 
the changes between severe and non-severe COVID-19 
in lab findings of  Complete Blood Count, D-dimer, and 
C-Reactive Protein for COVID19 patients that preidenti-
fied by molecular testing of  nasopharyngeal swabs in our 
locality in the Sudan.

Materials and Methods
Study design
Descriptive cross-sectional study conducted in the period 
from Jan 2021 to May 2021.

Sample Size
Sixty-six participants from both sexes 40(60.6%) male. 
Age  ranged from 22 to 91 years and an average of  
55±16.5 years. All participants were previously tested 
with RT-PCR and confirmed positive for (SARS-CoV-2).

Excluding Criteria
Subjects with cancer, hepatic disorders, malaria-infected 
in the last 7 days, hematological and coagulation disor-
ders, pregnancy, rheumatoid arthritis, and a history of  
drug used affect the level CBC, D-dimer, or CRP levels 
(aspirin, warfarin, heparin, statin, anticoagulant, and anti-
platelet medications or any supplementary) were exclud-
ed from the study.

Ethical approval
The study was approved from the ethical review commit-
tee of  the Khartoum State Ministry of  Health and Sudan 
International University. Informed consent was obtained 
the participants or their guardians.

Methods
Three blood samples were collected from each partici-
pant, The first one was ''EDTA'' blood sample for the 
investigation of  complete blood count "CBC" using 
"Sysmex XP 300" an automated 3-part differential hema-
tology analyser uses the DC detection principle, in which 
the whole blood is passed between two electrodes through 
an aperture so narrow that only one cell can pass through 
at a time. The impedance changes as a cell pass through. 
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The change in impedance is proportional to cell volume, 
resulting in a cell count and measure of  volume11. The 
second sample was a trisodium citrated blood to extract 
a plasma for the D-dimer assay using the "MISPA i2" de-
vice which uses the principle of  a nephelometric assay 
that utilizes antibody-coated latex particles. In the pres-
ence of  D-dimer, the particles aggregate and light scat-
tering increases. The increase in scattering is proportional 
to the amount of  D-dimer in the sample12. While the last 
blood sample was used for testing the serum "CRP" using 
the turbidometry assay of  an automated benchtop clini-
cal chemistry analyser "Biosystem A25" in which the la-
tex particles coated with anti-CRP are agglutinated when 
they react with samples that contain C-reactive protein. 
The latex particles agglutination is proportional to the 

concentration of  the CRP in the sample and can be mea-
sured by turbidimetry 13.
Statistical Analysis
Descriptive analyses were conducted with SPSS software 
version 24.0 and an independent sample t-test was used 
to compare the means between severe and non-sever cas-
es. Differences with p values < 0.05 were considered sta-
tistically significant.
 
Results
The 66 participants included 40(60.6%) males. Of  the 
66 cases,  21(31.8%)  cases were admitted to the Inten-
sive Care Unit "ICU" with severe 2019 novel coronavirus 
pneumonia and the rest 45(68.2%) were non-severe cases 
(Table 1).

Table 1: Demographic characteristic of samples 
  Sever Cases Non-sever Cases Total 

Male 13(19.7%) 27(40.9%) 40(60.6%) 

Female 8(12.1%) 18(27.3%) 26(39.4%) 

Total 21(31.8%) 45(68.2%) 100% 
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Table 2: Descriptive results of CBC, D-dimer and CRP. 

  Minimum Maximum Mean ± 
(STD.DV) Ref. Range 

TWBCs X103 / µl 4 14 6.39 ± (1.85) 4 - 11 

RBCs X106 / µl 3.2 5.23 4.22 ± (1.12) M: 4.7 - 6.1 
F: 4.2 – 5.4 

Hb (g/dl) 5.4 14.3 9.53 ± (1.83) * M: 13.5 - 17 
F: 11.5 - 15.5 

HCT % 24.3 50 39.6 ± (4.62) M: 40% - 50% 
F: 36% - 45% 

PLTs X103 / µl 17 460 265 ± (118.50) 150 - 450 

MCV "fl" 28.5 109.2 88.7 ± (9.11) 80 - 100 

MCH "pg/cell" 15.3 36.9 29.1 ± (3.40) 25.4 - 34.6 

MCHC g/dl 22.2 49.3 28.3 ± (2.91) * 33.4 - 35.5 

Lymph % 6 39 19.8 ± (6.82) * 20% - 40% 

Neutrophil % 37.2 88.4 53.3 ± (5.88) 40% - 75% 

RDW "fL" 41.5 86 50.1 ± (5.70) * 39 - 46 

MPV "fL" 7.8 12.7 10.4 ± (9.26) 7 - 12 

D dimer (µg/ml) 0.34 11.02 4.2 ± (3.73) * 0 – 0.5 

CRP (mg/l) 9.4 281 107.2 ± 
(61.21) * 8 - 10 

 * According to the hospital lab reference ranges the mean values of  hemoglobin "Hb", mean corpuscular hemoglo-
bin concentration "MCHC" and Lymphocytes % were mildly decreased. The means of  red cell distribution width 
"RDW", D-dimer and C reactive protein "CRP" were increased.
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Table 3: Comparison of the CBC, D dimer and CRP findings 
 between severe COVID-19 and non-sever COVID-19 groups 

  
Sever COVID-19 
Mean ± 
(STD.DV) 

Non- Sever 
COVID-19 
Mean ± 
(STD.DV) 

P. Value 
(sig.) 

TWBCs X103 / 
µl 7.96 ± (1.83) 5.62 ± (1.80) .001* 

RBCs X106 / µl 4.13 ± (0.57) 4.32 ± (0.58) 0.167 

Hb g/dl 9.45 ± (1.38) 9.66 ± (1.11) 0.506 

HCT % 39.3 ± (4.74) 39.7 ± (3.55) 0.708 

PLTs X103/µl 271 ± (125) 250 ± (94) 0.426 

MCV "fL" 87.5 ± (10.4) 90.2 ± (5.3) 0.176 

MCH "pg/cell" 28.4 ± (1.6) 29.4 ± (3.9) 0.183 

MCHC "g/dl" 27.8 ± (1.2) 28.9 ± (3.2) 0.082 

Lymph % 14.0 ± (6.3) 29.2 ± (7.0) .000* 

Neutrophil % 54.6 ± (7.6) 51.3 ± (2.8) .038* 

RDW "fL" 48.9 ± (4.8) 51.4 ± (6.3) .044* 

MPV "fL" 10.9 ± (9.4) 9.8 ± (0.7) 0.544 

D dimer µg/ml 5.11 ± (3.2) 3.3 ± (4.3) .029* 

CRP mg/l 116.9 ± (72.5) 96.5± (40.2) .044* 

                   *P ≤ 0.05 is significant 
                   * Significant differences in the parameters of TWBCs, Lymphocytes, 
                    Neutrophils, RDW, D-dimer and CRP 

 

 

Discussion
The comparison of  CBC, D-dimer and CRP findings 
between severe and non-severe COVID19 cases in our 
study revealed significant differences in the levels of  
TWBCs, RDW, lymphocytes%, Neutrophils %, D-dimer 
and CRP with p-values (.001, .044, .000, .038, .029 and 
.044) respectively. Zhang et al. showed that patients with 
high leukocyte count (>10 × 109/L), higher neutrophil 
count (>7 × 109/L), and lower lymphocyte count (<0.4 
× 109/L) are much more prone to severe COVID-19 
pneumonia and composite endpoint "which was the ad-
mission to an intensive care unit, mechanical ventilation, 
or death".  Besides, higher levels of  C-reactive protein 
(>150 mg/L) and increased D-dimer levels (>1 mg/L) 
are also strongly associated with an increased risk of  

COVID-19 pneumonia and the composite endpoint. As 
opposed to numerous studies, Zhang et al. showed that 
COVID-19 pneumonia and composite endpoint are asso-
ciated with leukocytosis rather than leukopenia3, 14. Some 
studies reported that COVID19 patients tend to have 
normal or decreased white blood cell counts, lymphope-
nia, or thrombocytopenia3, 15, 16.

Our study revealed significantly increased levels of  leuko-
cytes and neutrophil % and decreased lymphocyte % in 
the mean values of  severe cases compared to non-sever 
cases which were also parallel with many studies such as 
Soraya et.al and Pozdnyakova et.al17, 18. Laboratory data 
have shown that most patients had a decrease in lympho-
cyte count, Also, laboratory data recorded an elevation 
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in leukocytes19. Soraya and Ulhaq noticed: “A twenty-six 
studies in the second analysis showed significantly lower 
lymphocyte count”18. While Pourbagheri-Sigaroodi et al. 
reviewed: “A data from 15 published articles reflecting the 
values of  blood cell count and differential percentages of  
lymphocytes and neutrophils from patients with severe/
non-severe COVID-19 are as presented, while lympho-
penia is a prominent finding in most patients”20. Pozd-
nyakova et.al noticed that: “All patients with COVID-19 
demonstrated striking numeric and morphologic WBC 
changes, which were different between mild and severe 
disease states. More severe disease was associated with 
significant neutrophilia and lymphopenia, which was in-
tensified in critically ill patients. Abnormal WBC mor-
phology, most pronounced in monocytes and lympho-
cytes, was associated with the milder disease; the changes 
were lost with disease progression. Between COVID-19–
positive and COVID-19–negative ICU patients, signifi-
cant differences in morphology-associated research pa-
rameters were indicative of  changes due to the severe 
acute respiratory syndrome coronavirus 2 virus, including 
higher RNA content in monocytes, lower RNA content 
in lymphocytes, and smaller hypogranular neutrophils” 17.
 
The significant difference in "RDW" between severe and 
non-sever groups in our study was well explained in the 
recent study of  Saeedian et.al which was reported statisti-
cally significant correlations between high levels of  RDW 
and developing secondary infections and longer hospital-
ization21.
 
Elevated D-dimers further support the occurrence of  
coagulopathy and it is an important indicator of  disease 
progression. It was previously established that inflam-
mation-related parameters are highly elevated in acute 
phases. COVID-19 makes no exception to this rule, 
whereby the C-reactive protein (CRP) is increased in the 
sera of  these patients with different values20. The levels 
of  D-dimer and CRP in severe and critical patients were 
significantly higher than those in common patients and 
the levels of  CRP in critical patients were significantly 
higher than those in severe patients. Pearson correlation 
analysis showed that the levels of  D-dimer were positive-
ly correlated with the levels of  CRP which is concluded 
that the D-dimer and CRP are highly expressed in severe 
and critical patients and both D-dimer and CRP have cer-
tain clinical value in evaluating the severity and prognosis 
of  COVID-19 22.

However, a study by Thomas et.al suggested alterations in 
RBC membrane integrity in COVID-19 patients leading 
to increased susceptibility to oxidant stress-induced lysis 
with a minor increase in the MCV and the absence of  sig-
nificant changes in the RBC count, HCT, or other clinical 
hematological parameters23.
 
Limitations 
The current research has some limitations that need to 
be addressed. First, our study includes a small number 
of  participants (n = 66). Second, we present results from 
a single-center, so it was not a multicenter clinical trial 
or nationwide survey. Third, the small number of  par-
ticipants does not allow to be made in-depth statistical 
analysis. In this regard, the results and conclusions should 
be interpreted with caution. Despite these limitations, 
this work presents results which will be useful for clinical 
practice.

Conclusion
In summary, Laboratory characteristics of  CBC, D-dimer 
and CRP among the COVID19 patients revealed signifi-
cant differences in the parameters of  TWBCs, Lympho-
cytes, Neutrophils, RDW, D-dimer and CRP which were 
playing an essential role in predicating COVID19 severity 
and provide prognostic significance assistance to support 
medical decision making at a time when they are urgently 
needed.

Acknowledgment
This publication was supported by the Educational and 
Academic Affairs of  Alghad International Colleges for 
Applied Medical Sciences.

Conflict of  interest
There are no conflicts of  interest.

References
1. WHO. Coronavirus (COVID-19) Dashboard-Global 
Situation Geneva: World Health Organization, WHO; 
2022 [Available from: https://covid19.who.int/
2. WHO. Coronavirus (COVID-19) Dashboard-Sudan 
Situation Geneva: World Health Organization, WHO; 
2022 [Available from: https://covid19.who.int/region/
emro/country/sd
3. Baj J, Karakula-Juchnowicz H, Teresinski G, Buszewicz 
G, Ciesielka M, Sitarz E, et al. COVID-19: Specific and 
Non-Specific Clinical Manifestations and Symptoms: The 

African Health Sciences, Vol 23 Issue 1, March, 202321



Current State of  Knowledge. J Clin Med. 2020;9(6). DOI: 
10.3390/jcm9061753
4. D'Alessandro A, Fu X, Kanias T, Reisz JA, Culp-Hill R, 
Guo Y, et al. Donor sex, age and ethnicity impact stored 
red blood cell antioxidant metabolism through mech-
anisms in part explained by glucose 6-phosphate dehy-
drogenase levels and activity. J Haematologica. 2020;106(5). 
DOI:10.3324/haematol.2020.246603
5. ECDC. Clinical characteristics of  COVID-19 - Eu-
ropean Centre for Disease Prevention and Control EU 
https://www.ecdc.europa.eu/en/covid-19/latest-evi-
dence/clinical. European Centre for Disease Prevention 
and Control EU; 2020. 
6. Macera M, De Angelis G, Sagnelli C, Coppola N, Van-
vitelli C-G. Clinical Presentation of  COVID-19: Case Se-
ries and Review of  the Literature. Int J Environ Res Public 
Health. 2020;17(14): 5062.DOI: 10.3390/ijerph17145062
7. Guan W-J, Ni Z-Y, Hu Y, Liang W-H, Ou C-Q, He J-X, 
et al. Clinical Characteristics of  Coronavirus Disease 2019 
in China. The New England journal of  medicine. 2020;382(18): 
1708-1720.DOI: 10.1056/NEJMoa2002032
8. Popov GT, Baymakova M, Vaseva V, Kundurzhiev 
T, Mutafchiyski V. Clinical Characteristics of  Hospital-
ized Patients with COVID-19 in Sofia, Bulgaria. Vector 
Borne Zoonotic Dis. 2020;20(12): 910-915.DOI: 10.1089/
vbz.2020.2679
9. Lechien JR, Chiesa-Estomba CM, Place S, Van Laet-
hem Y, Cabaraux P, Mat Q, et al. Clinical and epidemi-
ological characteristics of  1420 European patients with 
mild-to-moderate coronavirus disease 2019. J Intern Med. 
2020;288(3): 335-344.DOI: 10.1111/joim.13089
10. Balfour H, Dunmire S, Hogquist K. Infectious mono-
nucleosis. Clinical & Translational Immunology. 2015;4(e33): 
1-7.DOI: 10.1038/cti.2015.1
11. Scoffin K. Hematology Analysers—From Com-
plete Blood Counts to Cell Morphology: labcom-
pare; 2014 [Available from: https://www.labcompare.
com/10-Featured-Articles/162042-Hematology-Analyz-
ers-From-Complete-Blood-Counts-to-Cell-Morpholo-
gy/
12. AGAAPE. 2016 [Available from: https://www.
agappe.com/media/catalog/product/file/12009022_
New_Improved_.pdf
13. LINEAR. 2021 [Available from: https://www.linear.
es/en/portfolio_page/crp-turbidimetric/
14. Zhang G, Zhang J, Wang B, Zhu X, Wang Q, Qiu S. 

Analysis of  clinical characteristics and laboratory findings 
of  95 cases of  2019 novel coronavirus pneumonia in Wu-
han, China: a retrospective analysis. Respiratory Research J. 
2020;21(1): 74.DOI:10.1186/s12931-020-01338-8
15. Lake MA. What we know so far: COVID-19 cur-
rent clinical knowledge and research. J Clinical Medicine. 
2020;20(2): 124.DOI: 10.7861/clinmed.2019-coron
16. Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma 
JP, et al. Clinical characteristics of  novel coronavi-
rus cases in tertiary hospitals in Hubei Province. Chin 
Med J (Engl). 2020;133(9): 1025-1031.DOI: 10.1097/
CM9.0000000000000744
17. Pozdnyakova O, Connell NT, Battinelli EM, Connors 
JM, Fell G, Kim AS. Clinical Significance of  CBC and 
WBC Morphology in the Diagnosis and Clinical Course 
of  COVID-19 Infection. American Journal of  Clinical Pa-
thology. 2020;155(3): 364-375.DOI: 10.1093/ajcp/aqaa231
18. Soraya GV, Ulhaq ZS. Crucial laboratory parameters 
in COVID-19 diagnosis and prognosis: An updated me-
ta-analysis. Medicina Clínica. 2020;155(4):143-151.https://
doi.org/10.1016/j.medcli.2020.05.017
19. Ali S. Tracking of  The Most Significant Laboratory 
Parameters for The Identification of  Covid-19: An Over-
view on The Different Blood Tests. Kurdistan Journal of  
Applied Research. 2020: 112-118.DOI: 10.24017/covid.13
20. Pourbagheri-Sigaroodi A, Bashash D, Fateh F, Abol-
ghasemi H. Laboratory findings in COVID-19 diagnosis 
and prognosis. Clinica Chimica Acta. 2020; 510:475-482.
https://doi.org/10.1016/j.cca.2020.08.019
21. Saeedian N, Seddigh Shamsi M, Nabavi S, Javidarab-
shahi Z, Ebrahimzadeh F, Ravanshad S, et al. The As-
sociation of  Red Blood Cell Distribution Width with 
Secondary Infection and Prognosis in hospitalized 
patients with COVID-19 pneumonia. Journal of  Car-
dio-Thoracic Medicine. 2021;9(1): 755-761.DOI: 10.22038/
jctm.2021.55515.1313
22. PAN Y-h, Guang C, WANG Z-h, XIA G-j, LIN 
M-z, WEN J-q, et al. Clinical value of  D-dimer and 
CRP in evaluating the prognosis of  2019 novel corona-
virus-infected pneumonia. Journal of  Medical Postgraduates. 
2020(12):748-751
23. Thomas T, Stefanoni D, Dzieciatkowska M, Issaian A, 
Nemkov T, Hill RC, et al. Evidence of  Structural Protein 
Damage and Membrane Lipid Remodeling in Red Blood 
Cells from COVID-19 Patients. J Proteome Res. 2020;19(11): 
4455-4469.DOI: 10.1021/acs.jproteome.0c00606 

African Health Sciences, Vol 23 Issue 1, March, 2023 22


