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Abstract

Background: Sudan has often faced outbreaks of malaria, the life-threatening
waterborne disease. In 2019, the country experienced an outbreak of six dif-
ferent infectious diseases, ie., cholera, chikungunya, dengue fever, diphtheria,
malaria, and Rift Valley fever. Objectives: The aim of this study was to per-
form an epidemiological descriptive analysis of data of these disease out-
breaks to determine the spatial and temporal patterns of outbreaks and to es-
timate the magnitude of the diseases. Methods: The data consisted of the
number of cases and deaths due to disease outbreaks of cholera, chikungunya,
dengue fever, diphtheria, malaria, and Rift Valley fever. We analyzed the re-
ports of an investigation conducted by the World Health Organization and
the Federal Ministry of Health, Sudan. Descriptive statistics and case fatality
rate (CFR) were used in this study. Results: The frequency of disease occur-
rence was as follows: cholera (344 cases), chikungunya (308 cases), dengue
fever (4236 cases), diphtheria (105 cases), malaria (5,188,135 cases) and River
Valley fever (567 cases). The CFRs for cholera, chikungunya, are diphtheria
were 4.3%, 2.05%, and 9.5%, respectively. The mortality rate of malaria was
0.0013. The states most affected by outbreaks of these diseases in Sudan were
the western states. Women were at a higher risk for all diseases, except River
Valley fever. Conclusions: This study highlights the patterns of the outbreak
of these diseases in Sudan and provides a basis for future scientific research.
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1. Introduction

In the past few decades, Sudan has experienced the most devastating infectious

disease outbreaks in the continent. On September 2, 2012, Darfur, located in
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western Sudan, experienced an outbreak of yellow fever, the worst in Africa in
20 years [1]. The case fatality rate (CFR) for this disease was 32%. In June 2005,
an outbreak of a febrile disease consistent with dengue hemorrhagic fever af-
fected Port Sudan city, located in the west of the country, with a CFR of 3.8%
[2]. In June 2004, a large hepatitis E outbreak in western Darfur resulted in 2621
cases in Mornay Displaced Persons Camp [3]. Outbreaks of Rift Valley fever
were reported in central Sudan during 1973, 1976, and 1981 [4]. In September
1989, there was an outbreak of acute febrile illness in the northern province of
Sudan [5]. The majority of disease outbreaks that occurred to date are of three
categories based on the transmission of the disease, ie, waterborne, vec-
tor-borne, and vaccine-preventable [6] [7]. The occurrence of these diseases is
mostly attributed to the limited access to and coverage of clean drinking water,
sanitation, and environmental protection as well as the low rate of immunization
in the country [8]. Malaria remains endemic in the country, and severe out-
breaks occurred as epidemics in 1990, 1993-1994, 1995, and 2003-2004 because
of the high degree of malaria transmission [9].

In 2019, the country experienced outbreaks of six infectious diseases simulta-
neously (cholera, chikungunya, dengue fever, diphtheria, malaria, and Rift Val-
ley fever). All these disease outbreaks were declared during the last 6 months of
2019 and were distinguished by the extremely high number of cases compared
with those in other countries in the Eastern Mediterranean region. Although
malaria is an endemic and common disease in the country, it is difficult to dis-
tinguish between the variable clinical features of malaria and other infections in
outbreaks or epidemics caused by febrile diseases. This is because of a lack of la-
boratory resources [10]. Therefore, there is a need to understand the epidemiol-
ogy of these diseases in the country. This study aimed to highlight the patterns of
these disease outbreaks according to spatial and temporal characteristics as well

as characteristics of the affected individuals.

2. Material and Methods

2.1. Data Source

The number of cases and deaths due to the six diseases (cholera, chikungunya,
dengue fever, diphtheria, malaria, and Rift Valley fever) were recorded through
data analysis of reports of the joint field investigation conducted by the World
Health Organization (WHO) and the Federal Ministry of Health (FMOH), Su-
dan (see Figure 1). The investigation was started on Epidemiological week 33 of
the year 2019 and ended on Epidemic week 11 of the year 2020. Owing to the
political strikes in Sudan at the end of December 2019 and the beginning of
2020, completeness or availability of data on malaria and cholera was insuffi-
cient. Therefore, this study was based on reports available from FMOH, Sudan,
supported by the WHO reports.

CFRs were calculated for the six infection diseases. Furthermore, Descriptive

statistics were used to describe and present the pattern of outbreak.
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Figure 1. Map of Sudan 2019, showing the states reporting disease outbreaks. Source:
https://www.mdpi.com/tropicalmed/tropicalmed-04-00043/article deploy/html/images/t
ropicalmed-04-00043-g001.png.

2.2. Epidemiological Week (epi Week)

The epidemiological calendar divides the 365 days of the year into weeks. An
epi week generally begins on Sunday and ends on Saturday. However, the
first week of the year ends on the first Saturday of January

(http://www.paho.org/english/sha/be v21n3-calendar.htm).

2.3. Case Fatality Rate

CEFR is the proportion of people who die from a specific disease among all indi-
viduals diagnosed with the disease over a certain period. It is generally used to

measure the severity of acute infectious diseases.

2.4. Mortality Rate

Mortality rate is the measure of the number of deaths in a particular population
expressed in units of deaths per 1000 individuals per year. Mathematically,
mortality rate is the number of deaths divided by the number of people in a par-

ticular population.
3. Results

3.1. Cholera Outbreak

Cholera outbreaks are frequent and prolonged in endemic areas with recurrent

seasonal patterns. Although the disease affects all age groups, those aged < 5
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years are at a higher risk of contracting the disease in the endemic setting. On
September 9, 2019, Sudan declared a cholera outbreak in seven localities in the
states of Blue Nile and Sinnar, with 187 reported cases, including eight deaths,
with a crude fatality rate of 4.3%. On November 23, the cumulative number of
cases reached 338, including 11 deaths, with a crude fatality rate of 3.3%. How-
ever, owing to timely detection and prompt response, these cases remained rela-
tively low in number compared with those in previous outbreaks. Among all age
groups, the most affected age groups were 245 years (29.3%), followed by 15 - 30
years (26%). Only 2% of cases were vaccinated [11]. The end of the outbreak was
announced on January 23, 2020. The trend of this disease outbreak is presented

in Figure 2.

3.2. Chikungunya Outbreak

Chikungunya fever is an arbovirus disease that is spread by the Aedes aegypti
mosquito. The most common symptoms are fever and joint pain, which gener-
ally appear 3 - 7 days after a person is bitten by an infected mosquito. The dis-
ease causes acute, debilitating polyarthritis [12]. The virus is endemic in Sudan,
with frequent upsurges and infections having been documented in seven states
in the country [13] [14]. In 1973, the first report of chikungunya infection in
Central Sudan was recorded, with a seroprevalence of 13% [15]. On December 7,
2019, 17 new cases of chikungunya were reported in Sudan. The cumulative
number of cases reached 243, including 5 deaths (CFR = 2.05%). The disease
spread in most of the western states in the country. The majority of cases were
reported from West Darfur state (71%). The frequent symptom in the patients
was fever (87% of the cases) combined with joint pain and headache. The re-
ported number of cases in the chikungunya disease outbreak is presented in Ta-
ble 1, Figure 3.

3.3. Dengue Outbreak

Dengue is a mosquito-borne viral infection. The virus can infect a person up to
four times. Individuals became viremic at 4 - 6 days after infection, which lasts
for up to 12 days, with the symptom of sudden high fever (40°C/104°F) com-
bined with two of the following symptoms: severe headache, pain behind the
eyes, muscle and joint pain, nausea, vomiting, swollen glands, skin rash, and
mild bleeding gums. Patients with severe dengue have a higher risk of death
when the disease is not managed [16]. Dengue fever is endemic in Sudan, and
several outbreaks have been documented in 2010, 2013, and 2017 [11]. This en-
demic disease has been considered as a major public health threat in Sudan [17].
During the past 10 years, several outbreaks have been documented in 2010, 2013,
and 2017 [11].

Different parts of the country have experienced outbreaks of dengue disease;
thus, this disease is associated with significant morbidity and mortality. On Au-

gust 8, 2019, a dengue outbreak was officially declared in Sudan when clinical
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laboratory workers recognized an unusual increase in the number of confirmed
cases of dengue fever among people living in the states of Kassala and North
Darfur. Of the 77 collected samples, 31 (40%) were confirmed to be positive for
dengue. Subsequently, the disease spread to the following five states across the
country: West Darfur, Red Sea, South Darfur, Gadarif, and North Kordofan.
Between August 8, 2019 and October 13, 2019, the investigators documented 125
confirmed cases of dengue from Kassala state and 17 from North Darfur (See
Table 1). In general, 53% of the patients were female and 47% were male, and
among all age groups, the most affected age group was <30 years (59%). The
trend of dengue outbreak is presented in Figure 4.

Table 1. Reported cases of disease outbreaks according to sex, residence, and age, 2019.

Cholera Chikungunya Dengue Diphtheria Rift Valley fever
Characteristic (N = 344) (N = 308) (N = 4236) (N =105) (N = 567)
Number (%) Number (%) Number (%) Number (%) Number (%)
Male 134 (39) 114 (37) 1991 (47) 42 (40) 317 (56)
Sex Female 210 (61) 194 (63) 2245 (53) 63 (60) 250 (44)
<5 32(9) 25 (8) 296 (7) 11 (10) 17 (3)
6-14 48 (14) 83 (27) 932 (22) 11 (11) 85 (15)
Age group 15-29 92 (27) 107 (35) 1270 (30) 14 (13) 181 (32)
30 - 44 69 (20) 68 (22) 847 (20) 32 (31) 142 (25)
245 103 (30) 25 (8) 891 (21) 27 (35) 142 (25)
South Darfur - 23 8 96 -
West Darfur - 237 235 - -
East Darfur - 24 - 2 -
Red Sea - - 17 - 332
Blue Nile 204 - - - -
North Darfur - 1 - 1 -
North Kordofan - 3 77 - -
South Kordofan - 2 - - -
Residence West Kordofan - 1 1 - -
River Nile - - - 1 238
Khartoum 2 - - 1 1
North Darfur - - - - -
Algazira 9 1 1 1 1
Kasala - 2 3961 1 1
Sinnar 128 - 2 1 -
Gadarif - - 5 - 1
White Nile - 3 - - 1
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Figure 2. Cholera cases and deaths by Epi Weeks (W37-W52, 2019).
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Figure 3. Chikungunya cases and deaths by Epi Weeks (W40-W52, 2019) (W1-W6,
2020).
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Figure 4. Dengue fever cases and deaths by Epi Weeks (W31-W52, 2019)
(W1-W11, 2020).

3.4. Diphtheria Outbreak

Throughout history, diphtheria has been one of the most feared childhood dis-
eases globally. It is a life-threatening contagious disease. Symptoms (sore throat
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and breathing problems) develop 2 - 5 days after infection. All age groups are at
risk of developing the disease, which can be spread by an infected person’s
coughing, sneezing, or open wounds; however, it can be prevented with vaccina-
tion. Treatment includes antibiotics and diphtheria antitoxin [18]. From Febru-
ary 5, 2019, to October 31, 2019, the government reported 12 sporadic suspected
cases in the states of East Darfur, North Kordofan, Khartoum, Gezira, and White
Nile. In late November, the number of cases reached 98, and most cases were
from South Darfur states, in particular from one locality named Al Sunta (99%).
The immunization coverage in this locality was estimated at approximately 35%,
which was due to the lack of mobile immunization teams (See Table 1). Up to
January 2020, the number of confirmed cases from all states was 105, including
10 deaths (CFR = 9.5%; Figure 5). With assistance by WHO (supplies of medi-
cines, including paracetamol and antibiotics), the government launched an im-
munization campaign in the affected locality, targeting 38,881 children aged < 15
years. The coverage during two rounds was high (80%). By January 1, 2020, the

number of new cases in all states had reduced substantially.

3.5. Malaria Outbreak

Malaria is a parasitic disease transmitted by mosquitos. It can be extremely dan-
gerous if not treated promptly and properly, potentially resulting in death. The
most susceptible individuals are children aged < 5 years. The disease symptoms
are fever, headache, and chills, which generally appear 10 - 15 days after an in-
fected mosquito bites a non-immune individual.

Sudan is one of the 30 countries in the world with the highest burden of malaria.
Malaria is considered endemic, with varying degrees ranging from low to high en-
demicity [19]. The mean reported number of malaria cases in Sudan during the
period 2010-2018 was approximately 2,097,906 (95% confidence interval [CI]:
1,126,102 - 3,069,710), whereas the number of cases in 2018 was only 5,188,135.
The number of deaths was 3129 (mortality rate = 0.06%; Figure 6). Although ef-
fective treatment and prevention techniques for malaria have been available for a

long time, the disease still remains a major public health problem in Sudan.

3.6. Rift Valley Fever Outbreak

Rift Valley fever is a mosquito-borne zoonotic disease that primarily affects an-
imals as well as humans when exposed to the blood or organs of infected ani-
mals. The virus was first discovered in the Rift Valley of Kenya during an epi-
demic investigation conducted among sheep on a farm. Since then, there have
been major outbreaks in Egypt (1977 and 2006); Kenya, Somalia, and Tanzania
(1997-1998 and 2003); Sudan (2007); Republic of South Africa (2010); and Saudi
Arabia (2000). The incubation period of the virus varies from 2 to 6 days, and no
fully licensed vaccine is currently available for use outside endemic areas for
animals or humans [20]. The basic symptoms of mild cases include feverish
syndrome with sudden onset of flu-like fever, generalized weakness, myalgia,

joint pain, and back pain. This disease is feared because of its immense econo-
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my-associated losses not only in the livestock sector but also in other related
sectors [21] [22]. Being an endemic disease in Sudan, the country experienced
three outbreaks of Rift Valley fever (1973, 1976, and 2008) [23]. Approximately
747 confirmed cases were reported in 2008, including 230 deaths. On September
25, 20109, the first case of Rift Valley fever was reported in the River Nile State.
On November 3, 2019, approximately 319 suspected Rift Valley fever cases were
reported in six states. The most affected states were River Nile (186 cases) and
Red Sea (128 cases), including 11 related deaths, Kassala (2 cases), and Gadarif
and Khartoum states (1 case each). Most of the affected cases were farmers

(37.5%). The outbreak curve is illustrated in Figure 7.

4. Discussion

This study has provided a descriptive epidemiological analysis of outbreaks of
six diseases that occurred in Sudan during the second half of the year 2019, in-
cluding cholera, chikungunya, dengue, diphtheria, malaria, and Rift Valley fever.
The reported number of cases of disease outbreaks according to sex, residence,
and age are presented in Table 1.

20
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Figure 5. Diphtheria cases and deaths by Epi Weeks (W33-W52, 2019)
(W1-W11, 2020).
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Figure 6. Reported malaria cases and deaths in Sudan, 2010-2018.
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Figure 7. Rift Valley fever cases and deaths by Epi Weeks (W37-W52, 2019) (W1-W11,
2020).

The states of Darfur region were the most affected by the outbreak of these
diseases in the country. This may be explained by several factors. First, the Dar-
fur region experienced large mass internal displacement due to conflicts and
violent events in the country since the beginning of the Darfur conflict in 2003.
These factors resulted in a high degree of vulnerability to disease outbreaks in
this region among all the states in the country. Second, people were living in
unwarranted environments in different camps, and the health facilities in the
displaced camps did not have the same response capacity as those in the cities.
In addition, the preventive measures applied in the displaced societies were often
not sustainable. One of these preventive measures is the immunization of people
in this region. Therefore, it is necessary that the government develops a
long-term plan to increase the coverage of immunization in the entire country
and identify hotspots through surveillance.

More than 5560 cases were reported in Sudan in 2019 due to the outbreak of
diseases. Women were found to be at a higher risk for all diseases, except River
Valley fever (56% for men vs. 44% for women). The age groups most affected by
cholera, chikungunya, dengue, diphtheria, and River Valley fever were >45 and
15 - 29 years, respectively. As shown in Table 1, the prevalence of the diseases
among the western states (East Darfur, North Darfur, South Darfur, and West
Darfur) was higher than that among the other states. This could be attributed to
environmental factors such as floods and seasonal heavy rains as well as lack of
effective vector control programs, in addition to the lack of vaccinations for
children and adolescents.

The analysis of data showed that the states with the highest risk of cholera
outbreak were Blue Nile, Sinnar, southeastern Sudan, bordering Ethiopia, and
South Sudan (Table 1 Most of the cases were female (62%), and 91% of the af-
fected patients were aged > 5 years. This outbreak occurred after the recent se-
vere rainstorms and flooding in Sudan. Because the disease transmits via conta-

minated water and food, the public health practices of quarantine and vaccina-
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tion strategies are not sufficient to prevent and control cholera. Efforts should
include progress in vaccination, access to safe drinking water, sanitary disposal
of waste, disease detection, and case management [23].

The results of this study also showed that most of the chikungunya cases were
reported from West Darfur state (71%). The CFR was 2.05%, and among all cas-
es, females represented 64%. The most affected age group was 15 - 29 years
(35%). The overall risk of chikungunya in the country was very high due to the
presence of A. aegypti in most parts of the country and the availability of breed-
ing sites due to rainy season, which favors the proliferation of the vector.

In Sudan, dengue fever outbreak has occurred since the 1900s, frequently
gaining epidemic status mainly in eastern Sudan [17] [24] [25]. 2019 Dengue
fever outbreak had spread to five states across the country due to the presence of
suitable mosquito vectors in the country. In total, 53% of the affected patients
were female and 93% were aged > 5 years. Dengue fever was not explicitly
treated; nevertheless, early diagnosis and access to adequate medical services re-
duced the fatality levels to <1%. Therefore, the government must implement ur-
gent efforts for early detection of the disease and case management to help re-
duce deaths. Implementation of effective vector control measures is also critical
to dengue prevention and control.

The results showed that the majority of diphtheria cases were from South
Darfur states, in particular from one locality named Al Sunta (99%), which could
be explained by the lack of mobile immunization teams, in addition to the cold
chain system that has been dysfunctional for the past 3 years. Notably, the cases
reported among children aged under 5 years is 10%, which is less compared with
that in children aged 8 years (1979-1986), and 55.2% of cases are reported
among children aged under 5 years [26].

Our results indicated a progressive increase in the number of malaria cases
reported across the country during the past 10 years. The number of deaths in-
creased in 2018, reaching an abnormal number that had never been recorded in
Sudan; it represented 94% of the number of deaths in the WHO Eastern Medi-
terranean Region (Afghanistan, Djibouti, Iran, Pakistan, Saudi Arabia, Somalia,
Sudan, and Yemen). In 2019, the rainy season in Sudan was longer and more in-
tense than normal. This resulted in the widespread presence of stagnant flood-
waters contributing to the breeding of mosquitoes carrying the parasite and
causing malaria. In 2019, malaria broke the epidemic threshold due to the sharp
increase in the number of malaria cases compared with those of previous years.
Most cases of disease outbreaks in 2019 were of malaria, accounting for 12.4% of
cases, with a mortality rate of 0.0013. In November 2019, approximately 250,000
cases of malaria were reported in Darfur, the most affected state, with the fol-
lowing distribution: South Darfur (110,000 cases), North Darfur (103,000 cases),
and East Darfur (45,000 cases). The lack of drugs at primary health clinics is still
the major problem in controlling malaria [11].

Analysis of data showed that the number of Rift Valley fever cases peaked
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around Week 42 in 2019, then declined, peaked again in Week 52, and then de-
clined until it ended in Week 4 in 2020. Unlike other diseases, Rift Valley fever
affected the River Nile state in the north of Sudan, Red Sea, Kassala, and Gadarif
in eastern Sudan. As per historical records, River Nile state is the state that has
most frequently experienced the outbreak of this disease [26].

This could be justified by the abundance of mosquitoes due to increased rain-
fall and flooding in the State [27].

5. Limitation of the Study

Due to political strikes and youth revolution in Sudan at the end of December
2019 and the beginning of 2020, the researcher finds a constraint for complete-
ness of data regarding on malaria and cholera outbreak for the year 2019-2020.
Therefore, the results reported herein should be considered in light of this limi-

tation.

6. Conclusions

A major challenge for the prevention and control of diseases in Sudan is the li-
mitation of response capacities of the public health sector. Furthermore, a highly
inadequate research support restricts the provision of evidence for the arboviral
epidemiology and dynamics of diseases in Sudan [1].

Due to the political and civil conflicts in the country, the capacity to prevent
or control outbreaks has been insufficient. In contrast, disease outbreaks require
effective monitoring and prevention strategies to mitigate potential outbreaks in
due time. Effective prevention and control of diseases significantly depend on

the improvement of vector-control efforts.
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