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Abstract

Background :
(COVID-19) had a great impact on the world’s health systems since December 2019. A little is known
about the clinical characteristics and risk factors associated with COVID-19 severity in Sudanese
Patients; therefor it is necessary to summarize the clinical characteristics of patients with COVID-19 and
to explore the risk factors associated with COVID-19 severity.

Methods :
A one-year retrospective cohort study (May 2020- May2021) was done at three isolation centers in Wad
Medani. Sample contained all COVID-19 patients who are over 18 years old and were con�rmed to be
COVID-19 by nucleic acid testing or features Suggestive of Covid19 on Chest CT scan.

Results :
This study included 418 patients con�rmed COVID-19 cases with a median age of 66.3±13years. 179
(64.2%) patients were men. Hypertension (n=195; 46.7%) and diabetes (n=187; 44.7%) were the most
common comorbidities. The most common symptoms at COVID-19 onset were fever (n=303; 72.5%),
cough (n=278; 66.5%) and dyspnea (n= 256; 61.2%). the overall mortality rate was 35.4% (n=148). The
morality rate was 42.3% (n=118) among patients with severe disease. The Chi-square test and ANOVA
analysis revealed that older age, anemia, neutrophilia and lymphcytopenia, higher glucose levels, HbA1c
levels and creatinine levels were variables associated with severe COVID-19. In in�ammatory markers, the
levels of CRP and d-dimer were elevated in severe infection more than moderate and mild infections.

Conclusion :
Patients with these factors are more likely to deteriorate into severe infection and have higher mortality
rate than those without these factors.

Introduction
After the �rst case of coronavirus disease (COVID-19) in Wuhan, China since December 2019, the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread to over 200 countries in about 3
months. On March 11, 2020, the WHO emergency committee declared it a global health emergency, more
than 200 countries have reported coronavirus disease 2019 (COVID-19) (1- 3).

Global pandemic caused a great impact on the world’s health systems and is causing a lot of deaths and
affecting the world in many aspects, economically and socially and its rapid spread around the globe.
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Since �rst case of COVID-19 reported in Sudan on 13 March 2020 there are more than 38,000 cases in
Sudan con�rmed with 2,833 deaths and 31,590 recovered cases also more than 8 million case in Africa
and more than 226 million cases around the globe until the 17 September 2021 (4, 5).

From 13th March 2020, and up to 11 November 2020 according to study done to summarize the COVID-
19 situation in Sudan; indicating a relatively high case fatality rate of 7.7%. Also several preventive and
control measures were implemented by the government of Sudan and health partners including the
partial lockdown, social distancing, etc. However, new cases still emerging every day and the highest
numbers of cases were in Khartoum State then Gezira state. Regarding the total number of the death per
the state; Khartoum state has the highest number of total deaths followed by Gezira state this is because
of the proportionally high number of cases reported from Khartoum state to other states of the country.
Khartoum state has reported lower fatality rates in Sudan while other states reported extremely high case
fatality rate, highlights the relatively better case management in the capital city, Khartoum, and further
underscores the centralization of healthcare system in the country (6).

Up to now, most studies have focused on the prevention and treatment of severe patients, which may
develop into respiratory failure or even death (7).

Most studies to date have investigated risk factors associated with the severity of COVID-19. Older
patients, male gender, patients had diabetes mellitus, chronic kidney disease, and CVD rate in
comorbidities, previous history of pneumonia, dyspnea, headache and neurological symptoms, increase
respiratory rates and pulse rate, anemia, malaria infection, neutrophilia, lymphcytopenia, higher glucose
levels, HbA1c levels and creatinine levels, increase levels of CRP and d-dimer were associated with
increased risks of severe COVID-19 and increase the risk of death from COVID-19 (8- 10). However, little is
known about the clinical characteristics and risk factors for disease progression of COVID-19 in
Sudanese Patients. Therefore it is necessary to summarize and analyze the clinical, laboratory and
imaging characteristics of patients diagnosed with COVID-19, and to describe the potential risk factors
for disease progression. Our aim was to describe the clinical characteristics of patients with COVID-19
and to explore the risk factors associated with COVID-19 severity in Wad Medani Isolation Centers in
Gezira state, Sudan.

Methodology
Study design:

This is  a retrospective cohort  which was done between May 2020 to May 2021 in two Isolation Centers
Wad Medani in Gezira state, Sudan.

Study area:

The study took place in Wad Medani ;the capital of Gezira state which is second largest state in Sudan
with total number of population 4,133,048,which composed of 32  secondary and Tertiary hospital
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receive patients from Gezira, Sinnar, Blue Nile, Kassala, Al_Gadarif and white Nile states. Two isolation
centers involved in the study, the �rst composed of 65 beds for mild to moderate cases, while the second
is for critical cases with capacity of 10 icu beds supplemented with 10 mechanical ventilators and 2
hemodialysis machines.

The total number of cases admitted is 4300 suspected case 2214 of them results back positive for
COVID19 admitted to the center, 1727 underwent full recovery and 481 patients passed Away.

Data collection:

A well-structural questionnaire was used to collect data which composed of eight sections entitled
personal data, comorbidities, symptoms, signs, laboratory investigations and radiological �ndings,
clinical course, outcome and duration of illness.

Study population:

The target population of this study are patients with COVID-19 of both genders, who admitted to Wad
Medani isolation centers, Gezira state, Sudan from May 2020-May 2021 and they were 418 patients.

Inclusion criteria:

1/Adults over 18 years

2/All patients were con�rmed to be covid_19 by nucleic acid testing or features suggestive of covid_19 on
chest CT Scan

3/Patients who have complete medical record

Exclusion criteria:

1/ Patients outside the study period and area

2/Patients who haven’t been con�rmed by nucleic acid or CT chest

3/Patients with incomplete clinical data

4/Patients sent �rstly for home isolation and then admitted to isolaton centers

Data collection tool and technique: 

Data from medical records was reviewed and collected by professional doctors. All data was collected
from all patients’ medical records include: 

 Socio-demographics:

Age and Gender 
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Comorbidities:

HTN, CVD, cerebrovascular, Cancer, DM, Chronic Kidney Disease and Chronic Pulmonary Disease,
Autoimmune Diseases, Others (Thyroid, Prostate, Gynecological...etc.)

Symptoms and signs of COVID-19 and initial laboratory �ndings (hematological, blood chemical,
coagulation and infection related tests)

. Diagnostic Tools(Nasal Swab, CT Chest,  Chest X-Ray) 

  Disease duration and clinical outcome 

 

Sample size and sampling technique:

The clinical data was obtained from all COVID-19 patients medical record, who were admitted to the Wad
Medani Isolation Centers in the period between May 2020 to May 2021 and who meet the criteria to be
including in the study.

Statistical Analysis Plan:

Data from medical records was collected using a data collection sheet (Appendix 1) by the researchers.
Statistical analysis was performed using the Statistical Package for Social Science (SPSS, Version 24).
The Chi-square test and ANOVA test were used to evaluate the association of interested variables and
results were expressed as tables and �gure.

Ethical approval and Consent:

Ethical approval was obtained from each center ethical committee. Both written and verbal consents were
obtained from each patient.

Results
All 418 patients included in this study were admitted to Wad-Madani Isolation Center, 279 (66.7%)
patients were men and 139(33.3%) were women, their mean age was 66.3±13years (table 1). according to
COVID-19 severity; 279(66.7%) had severe infection, 78(18.7%) moderate and 61(14.6%) had mild
infection. Hypertension (n=195; 46.7%) and diabetes (n=187; 44.7%) were the most common
comorbidities. The most common symptoms at COVID-19 onset were fever (n=303; 72.5%), cough
(n=278; 66.5%) and dyspnea (n= 256; 61.2%). 256(61.2%) patients received ventilation (36.8% as invasive
and 24.4 as non-invasive).   

As detailed in table (1), the severe forms of COVID-19 infection were signi�cantly associated older in age
(P. value <0.001) and had CVD rate in comorbidities (P. value= 0.008), as well as dyspnea (P. value <
0.001), headache (P. value= 0.026) and neurological symptoms (P. value= 0.025). Malaria infection was
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common in patients with severe infection comparing to those with moderate and mild infection (23.3% vs
14.1% vs 9.8%; P. value= 0.022). Bilateral crepitation in chest examination was signi�cantly common
among the patients with severe disease (P. value< 0.001). Ventilation (regardless the types) was initiated
in more patients with severe disease than in those with moderate and mild disease (77.4% vs 41% vs
13.1%; P. value< 0.001)

Table (1): Clinical characteristics of the study patients, according to disease severity
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  Total  Mild  Moderate  Severe  P. value
(N=418);n(%) (N=61);n(%) (N=78);

n(%)
(N=279);

n(%)
Age; mean±SD 66.3±13 57.3±15 67.7±11 68±12 <0.001*a
Gender           
Male  279(66.7) 46(75.4) 54(69.2) 179(64.2) 0.210 b
Female  139(33.3) 15(24.6) 24(30.8) 100(35.8)
Comorbidities           
HTN 195(46.7) 22(36.1) 37(47.4) 136(48.7) 0.196 b

Diabetes  187(44.7) 25(41) 40(51.3) 122(43.7) 0.404 b

Renal disease 48(11.5) 11(18) 7(9) 30(10.8) 0.202 b

CVD 42(10) 2(3.3) 3(3.8) 37(13.3) 0.008* b
CPD 26(6.2) 4(6.6) 7(9) 15(5.4) 0.505 b

Smoking  19(4.5) 1(1.6) 1(1.3) 17(6.1) 0.120 b

Cerebrovascular  10(2.4) 0(0) 0(0) 10(3.6) 0.078 b

Malignancy  8(1.9) 2(3.3) 2(2.6) 4(1.4) 0.570 b

Other  34(8.1) 6(9.8) 4(5.1) 24(8.6) 0.532 b

Presentation           
Fever  303(72.5) 44(72.1) 61(78.2) 198(71) 0.448 b

Cough  278(66.7) 39(63.9) 51(65.4) 188(67.4) 0.851 b

Dyspnea  256(61.2) 46(45.4) 60(76.9) 250(89.6) <0.001* b
Fatigue  73(17.5) 10(16.4) 19(24.4) 44(15.8) 0.204 b

Headache  45(10.8) 6(9.8) 2(2.6) 37(13.3) 0.026* b
Neurological  39(9.3) 0(0) 8(10.3) 31(11.1) 0.025* b
Vomiting  22(5.3) 4(6.6) 4(5.1) 14(5) 0.886 b

LL edema 16(3.8) 2(3.3) 3(3.8) 11(3.9) 0.970 b

Diarrhea  15(3.6) 4(6.6) 0(0) 11(3.9) 0.102 b

Sore throat  14(3.3) 4(6.6) 2(2.6) 8(2.9) 0.319 b

Chest pain 12(2.9) 2(3.3) 2(2.6) 8(2.9) 0.969 b 

Malaria  82(19.6) 6(9.8) 11(14.1) 65(23.3) 0.022* b
Chest finding
(N=296)

         

Clear  31(10.5) 20(42.6) 4(7.1) 7(3.6) <0.001* b
Bilateral crept  179(60.5) 15(31.9) 36(64.3) 128(66.3)
Unilateral crept  86(29.1) 12(25.5) 16(28.6) 58(30.1)
Ventilation (Yes) 256(61.2) 8(13.1) 32(41) 216(77.4) <0.001* b
Non-invasive 102(24.4) 4(6.6) 12(15.4) 86(30.8) 0.812 b
Invasive 154(36.8) 4(6.6) 20(25.6) 130(46.6)
LOS (days);
mean±SD

9.1±5.6 9.9±4.5 8.7±4.9 9±5.9 0.430 b

HTN; hypertension, CPD; chronic pulmonary disease, CVD; cardiovascular disease, LL;
lower limb

*significant (<0.05), a ANOVA test, b Chi-square test 
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On examination, patients with severe disease had signi�cantly greater respiratory rates (30.6±9.4 vs
29.2±7.7 vs 23.5±6.3 breath/min; P. value< 0.001) and pulse rate (94±16.5 vs 90.4±17.6 vs 89.5±12.3
bpm; P. value= 0.041) more than those with moderate and mild infection. On hematological parameters,
severe infection was correlated with anemia, neutrophilia and lymphcytopenia (P. value< 0.001).
Concerning to the biochemical tests, patients with severe disease had signi�cantly higher glucose levels
(214.8±94.8 vs 195.6±76 vs 148.8±53.1 mg/dl P. value< 0.001), HbA1c levels (8.6±2.1 vs 6.9±1.6 vs
5.6±0.9%; P. value< 0.001) and creatinine levels (2±1.5 vs 1.8±1.7 vs 1.1±1 mg/dl; P. value= 0.002) more
than those with moderate and mild disease (table 2).

In in�ammatory markers, the levels of CRP (223±86.3 vs 137.8±66 vs 68.3±54.4; P. value< 0.001) and d-
dimer (10±4.2 vs 6.1±3.7 vs 2.1±1.5; P. value< 0.001) were elevated in severe infection more than
moderate and mild infections (table 2) 

Table (2): The examinations and laboratory investigations findings, according to disease
severity
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  Total
(N=418)

Mild (N=61) Moderate
(N=78)

Severe
(N=279)

P. value

Examination           
RR (breath/min)  29.3±9 23.5±6.3 29.2±7.7 30.6±9.4 <0.001* a
PR (bpm) 92.6±16.2 89.5±12.3 90.4±17.6 94±16.5 0.041* a

GCS; median
(mini-max)

15(3-15) 15(12-15) 14(6-15) 13(3-15) <0.001* a

SBP (mm Hg) 127.8±23.1 122.6±17.4 126.2±27.5 129.4±22.8 0.093 a

DBP(mm Hg) 77.2±12.6 76±13.5 75.6±10.1 77.8±13 0.296 a

SpO2 (%) 91.2±56.8 97.5±1.2 93.5±1.9 89.1±69.5 <0.001* a

Hematology           
Hemoglobin (g/dl)  11.8±2.2 13.1±1.5 12±1.9 11.4±2.3 <0.001* a
WBCs
(*10^3/Cumm)

13.5±12.3 11.4±9.1 11.8±9 14.4±12 0.114 a

Neutrophil (%) 82±14 74±9 77±14 85±14 <0.001* a
Lymphocyte (%) 13.5±10 25.3±12.3 17.7±9 9.6±6.2 <0.001* a
Monocyte (%) 4±2.8 3.7±1.6 4.7±2.9 3.7±3 0.060 a

Eosinophil (%)  1.1±0.3 0.8±0.2 1.1±0.4 1.2±0.4 0.645 a

Platelets
(*10^3/Cumm)

268.9±134.3 292.1±105.2 270±108.9 263.3±146.1 0.320 a

Biochemistry           
Glucose (mg/dl) 200.4±89 148.8±53.1 195.6±76 214.8±94.8 <0.001* a
HbA1c 7.7±2 5.6±0.9 6.9±1.6 8.6±2.1 <0.001* a
Creatinine (mg/dl) 1.8±1.5 1.1±1 1.8±1.7 2±1.5 0.002* a
Sodium (mmol/l) 132.6±6.6 134.4±4.1 132.5±6.9 132.2±7 0.08 a

Potassium
(mmol/l)

4.2±2.6 3.9±0.4 4±0.7 4.3±3.1 0.523 a

Inflammation           
CRP 180.5±98.6 68.3±54.4 137.8±66 223±86.3 <0.001* a
D-dimer  7.8±4.9 2.1±1.5 6.1±3.7 10±4.2 <0.001* a

RR; respiratory rate, GSC; Glasgow coma score, SBP; systolic blood pressure, DBP;
diastolic blood pressure, SpO2; oxygen saturation, WBCs; white blood cells, HbA1c;
glycosylated hemoglobin; CRP C-reactive protein  *significant (<0.05), a ANOVA test, B Chi-
square test 

Table (3) shows the radiologic �ndings on admission. Of 160 CT scans that were performed at the time
of admission, 97(23.2%) exhibited ground-glass opacity, 38(9.1%) bilateral consolidation (51.8%) and
21(5%) showed diffused consolidation. In chest x-ray, 2.3% (n=10) of the patients had bilateral
consolidation and 0.2% (n=1) had Mediastina patchy opacity. ECG abnormalities were encountered in 42
patients and mainly as LAD in 13(3.1%) patients, LBBB in 10(2.3%) and T-wave abnormalities in also
10(2.3%) patients
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Table (3): Radiologic findings of the study patients, according to disease severity

  Total Mild Moderate Severe P.
value(N=418);n(%) (N=61);n(%) (N=78);

n(%)
(N=279);

n(%)
CT (N=160)          
Ground gross 97(23.2) 13(72.2) 18(58.1) 66(59.5) 0.675 b
Bilateral consolidation 38(9.1) 2(11.1) 9(29) 27(24.3)
Diffused consolidation 21(5) 3(16.7) 4(12.9) 14(12.6)
CXR (N= 11)          
Bilateral consolidation 10(2.3) 0(0) 2(66.7) 8(100) 0.273 b

Mediastina patchy
opacity

1(0.2) 0(0) 1(33.3) 0(0)

ECG (N=42)          
LAD 13(3.1) 0(0) 1(1.3) 10(3.6) 0.853 b
LBBB 10(2.3) 2(3.3) 2(2.6) 6(2.2)
T-wave 10(2.3) 0(0) 4(5.2) 6(2.2)
Q-wave 2(0.4) 0(0) 0(0) 2(0.7)
RBBB 2(0.4) 0(0) 0(0) 2(0.7)
LVH 2(0.4) 0(0) 0(0) 2(0.7)
STE 1(0.2) 0(0) 0(0) 1(0.4)
STD 1(0.2) 0(0) 0(0) 1(0.4)
Tachycardia  1(0.2) 0(0) 0(0) 1(0.4)

CT; computed tomography, CXR; chest x-ray, ECG; electrocardiography, LBBB; left bundle
branch block, RBBB; right bundle branch block, LVH; left ventricular hypertrophy, STE;
ST-elevation, STD; ST-depression  

b Chi-square test

As illustrated in �gure (1), the overall mortality rate was 35.4% (n=148). The morality rate was 42.3%
(n=118) among patients with severe disease, 34.6% (n= 27) among those with moderate and 4.9% (n=3)
among patients with mild disease (P. value< 0.001)

Discussion
We found 16 variables that were associated with severe COVID-19 disease. In our study we describe the
potential risk factors for COVID-19 disease progression in Sudanese patients. Given the severity of this
global public health emergency, we believe that this report is important for understanding the clinical
characteristics of COVID-19 infection and identifying the risk factors associated with the severity of the
disease. In our study we included 418 con�rmed COVID-19 patients with a median age of 66.3±13 years
with an overall mortality rate of 35.4% (n=148). The predominate gender was male gender. With regard to
the comorbidities, Hypertension and Diabetes were the most common comorbidities. The most common
symptoms at COVID-19 onset were fever, cough and dyspnea. We found that mortality rate
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was high among patients with severe disease. As shown in this study, we found 16 variables that were
associated with COVID-19 severity. We found older patients to be signi�cantly associated with severe
disease. This is in alignment with a global systematic review and meta-analysis were old age was
identi�ed as a risk factor for severe disease. This might be due to comorbidities of age, as well as the less
functional immune system due to ageing. In our study, patients that had CVD rate in comorbidities were
signi�cantly associated with severe disease. This is similar to a meta-analysis were COVID-19 patients
who suffered from CVD tended  to have more adverse outcomes. We found dyspnea to also be
signi�cantly associated with severe disease (11). This is in alignment with a national study done in South
Korea(12) were dyspnea increased the risk of severe COVID-19. We found headache to be signi�cantly
associated with severe disease. In contrast to a study where having no headache was associated with the
progression to severity stages of COVID-19 disease (12). No speci�c mechanisms have been reported on
the mechanism of headache in COVID-19 patients. However, a proposal suggests that one of the main
pathomechanism of headache in these patients is the activation of trigeminal nerve ending in the
periphery followed by the sensitization of various sites in the brain(13). In our study, neurological
symptoms were signi�cantly associated with severe disease. This is in line with a study that addressed
neurological manifestations as an associated factor with severe COVID-19 mortality (14). On
examination, our patients with severe disease had signi�cantly greater respiratory rates and pulse rate
than those with moderate and mild infection. This is in alignment with a study were patients with high
pulse and respiratory rates were listed as clinical characteristics of severe COVID-19 disease (15). Also we
found severe infection to be signi�cantly associated with anemia, similar to  studies where lower levels of
hemoglobin were associated with severe COVID-19 disease (16)(17). In our study, we found malarial
infection on presentation to be associated with severe disease. This is in line with a study where it states
that co-infection can re�ect the severity and adverse outcomes compared to COVID-19 alone (18). We
found neutrophilia to be signi�cantly associated with the severe form of the disease, similar to �ndings in
a study done on Neutrophils in COVID-19 stating the raised levels of neutrophils found in severe COVID-
19 disease (19). We also found lymphcytopenia to be signi�cantly associated with severe disease. This is
similar to a study where lymphopenia were more commonly seen in severe COVID-19 illness. We found
higher glucose levels and HbA1c levels to be signi�cantly associated with severe disease (15). This is
similar to a study where both higher glucose levels and HbA1c levels were signi�cantly associated with
severity of the COVID-19 disease (20). We found creatinine levels to be signi�cantly associated with sever
disease. This is in line with a study were creatinine levels were signi�cantly associated with severe
disease. When it comes to the in�ammatory markers, the levels of CRP and d-dimer were signi�cantly
elevated in severe infection more than moderate and mild infections (21). This is similar to studies were
both markers were associated with sever disease (21)(22). 

Identifying these risk factors is very crucial and can alert careful observation and early intervention and
identify the severity of illness as early as possible also to improve the management of patients at risk
and prevent disease progression, reduce mortality as well as to guide the implementation of public health
measures to limit the impact of COVID-19 on vulnerable populations. Multicenter studies will have better
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help to further determine the clinical characteristics and analysis of risk factors for disease progression in
Sudan

Strengths and limitations:

Our study has a number of strengths. This is the �rst retrospective cohort study done in Sudan
concerning this topic. We were very selective with inclusion and exclusion criteria. This is the �rst study
that's represents the picture and progression of COVID-19 among Sudanese patients. It magni�ed the role
of speci�c  laboratory markers in determination of �nal outcomes. This study represents a data base for
any future studies concerning with COVID-19 in the region.

Our study has some limitations. First, this study was a retrospective cohort study, without the validation
of prospective studies. Secondly, when we collected data, a large number of patients are excluded
because who have their �les incomplete and could not be reached by phone, which may lead to potential
selection bias. Despite the importance of radiography in the identi�cation and diagnosis of COVID-19, not
all patients underwent a chest imaging (chest CT scans and chest x-ray) examination at the time of
admission. Also we could not access major isolation centers which are located in Khartoum state.  

Conclusion
This study included 418 patients con�rmed COVID-19 cases with a median age of 66.3±13 years. The
overall mortality rate was 35.4%. The mortality rate was high among patients with severe disease. As
shown in this study, 16 variables were found to be associated with COVID-19 severity. Identifying these
risk factors is crucial for early identi�cation of the severe illness to improve the management of patients
at risk and prevent disease progression. Multicenter studies will have better help to further determine the
clinical characteristics and analysis of risk factors for disease progression in Sudan.
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Figures

Figure 1

Distribution of mortality according to disease severity


