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Simple Summary: This research investigates the resurgence of Mpox, a rare viral disease, formerly
known as Monkeypox, initially identified in Africa in 1958. With recent global outbreaks and the
WHO declaring it a public health emergency in 2022, this study examines the first Mpox cases in
Khartoum State, Sudan. Among 55 suspected cases, two were confirmed, displaying classic Mpox
symptoms. The findings highlight the critical need for heightened surveillance, early detection, and
prompt intervention to control Mpox spread and its potential public health impact. Collaboration
on a global scale is crucial for boosting screening, diagnostic, and control measures to enhance
preparedness against this emerging infectious disease.

Abstract: Mpox, formerly known as Monkeypox, is a rare viral disease initially discovered in Africa
in 1958. Since its first identification, several outbreaks have occurred in various African nations.
Recently, the global community has witnessed a resurgence in the number of Mpox cases reported
worldwide, prompting the World Health Organization (WHO) to declare the ongoing multi-
country outbreak a public health emergency in July 2022. This study reports on the first cases of
Mpox detected in Khartoum State, Sudan, outlining the epidemiology, preparedness, and public
health response to this new challenge. A total of 55 suspected cases were identified, with two
confirmed cases. The clinical manifestations observed in these cases align with the classic skin rash
typical of Mpox, presenting alongside symptoms like fever, headache, and joint pain. The findings
underscore the need for heightened surveillance, early detection, and timely intervention to prevent
the domestic spread of Mpox and its potential impact on public health. Continued global efforts are
needed to support effective screening, diagnostic, and control measures, ultimately enhancing
preparedness and response in the face of this emerging disease.
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1. Introduction

Mpox virus (MPXV) is a zoonotic virus that belongs to the Poxviridae family and it is similar to
the Variola and Vaccinia viruses and it was first isolated in 1958 in lab monkeys [1]. There are two
strains of the virus, clade I and clade II, with clade I causing more severe disease in humans [2]. In
the 1970s, an outbreak occurred in the Central African Republic and the Democratic Republic of the
Congo, primarily affecting people who had contact with animals. In the 1980s, the virus started
spreading from human-to-human in Africa [2,3].

The first outbreak outside of Africa happened in the United States in 2003 and was traced back
to infected rodents imported from Ghana [4,5]. Since then, Mpox infections have been detected in
travellers coming from Nigeria to various countries including Israel, Singapore, the USA, and Italy
[4,5].

The virus is believed to spread from wild animals to humans primarily, therefore, factors such
as deforestation, land-use changes, and political instability contribute to increasing the risk of
spillover of Mpox and other zoonotic diseases [6]. Transmission between infected animals and
humans occurs through direct contact with skin, mucosae, and contaminated materials. Human-to-
human transmission can occur through contact with lesions, body fluids, respiratory droplets, and
potentially through sexual intercourse [6]. Investigating the recent global outbreak of Mpox revealed
a high transmission rate of the virus among men having sex with men [5,6].The clinical symptoms
associated with Mpox encompass fever, headaches, muscle aches, lymphadenopathy, and distinctive
skin eruptions. The progression of the rash typically transitions from macules to papules, vesicles,
pustules, and eventually crusts. This skin manifestation predominantly appears on the face,
extremities, and can extend to areas like mucous membranes, genitalia, and the eyes [7]. Mpox has a
fatality rate spanning from Zero to 11%, with notably higher rates observed in children and
individuals with underlying health conditions. Complications arising from Mpox can include
secondary infections, pneumonia, sepsis, encephalitis, and even vision impairment [7]. Vigilant
monitoring and timely intervention are crucial in managing these severe outcomes associated with
Mpox infections.

There are currently no licensed treatments for Mpox, but vaccines against Smallpox can provide
some protection [8]. The global risk of transmission has increased since Smallpox eradication and the
cessation of vaccination campaigns [8]. Diagnosing Mpox infection involves using a real-time PCR
(RT-PCR) testing of swab specimens, and other laboratory tests may be useful for distinguishing it
from other similarly skin manifesting infections. Additional diagnostic investigations such as
laboratory tests, dermoscopic observation, and biopsy may be performed to exclude other pox-like
diseases [5]. Therefore, a comprehensive diagnostic approach involving a combination of tests
enhances the precision of the diagnosis and facilitates appropriate management strategies for
individuals affected by Mpox.

In response to the rapidly escalating situation of Mpox worldwide, on the 23 of July 2022, the
WHO declared the escalating global outbreak of Mpox a Public Health Emergency of International
Concern (PHEIC) [9]. Accordingly, Human and Animal health authorities led by Ministries of Health
worldwide including Sudan were urged to initiate a national Preparedness and Response strategic
plan. This global spread of Mpox outbreak at an alarming rate has challenged health systems
worldwide, including Sudan, before they recover from the impact of COVID-19 pandemic [10-12].
The main challenge was the operationalization of One Health strategy [13], including the
development and implementation of pandemic preparedness, prevention, and response (PPPR)
framework that prioritize preparedness and prevention [14]. This is particularly crucially urgent in
countries like Sudan that are endemic with a wide range of zoonotic pandemic-prone diseases such
as Chikungunya [15], Crimean-Congo haemorrhagic fever (CCHF) [16], dengue [17], Yellow fever
[18], Rift Valley fever [19], Zika and other arboviruses [20], as well as hepatitis viruses [21], and
several bacterial [22], fungal [23,24], and parasitic infections [25-28]. Furthermore, in Sudan, this
challenge is exacerbated by additional factors including the local limited diagnostic capacity,
prevalent co-infections, and unusual clinical presentation of diseases [22,29-34].
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Therefore, in this communication, we describe the Preparedness and Response strategic plan,

investigation, and response for Mpox outbreak in the capital of Sudan, Khartoum state, in 2022-2023.

2. Materials and Methods

In this communication, we describe the preparedness and response to the Mpox outbreak in
Khartoum State, Sudan in 2022 and 2023.

The development of pandemic preparedness and response (PPR) action plan:

Khartoum state’s Ministry of Health has engaged stakeholders of human and animal health to
develop a pandemic preparedness and response (PPR) action plan. This PPR action plan focused on
enhancing the coordination between human and animal health stakeholders including community
engagement through tailored risk communication to support the implementation of active

surveillance, case finding and management (Table 1). Also, it included strengthening the surveillance
and response system and mobilizing resources to build the capacity of the national reference
laboratory “National Public Health Laboratory” for a robust diagnosis and investigation of suspected
cases. Additional pillars of the PPR focused on improving the case management as well as enforcing
the implementation of infection prevention and control (IPC) measures in healthcare facilities and

among the response teams, and healthcare providers in general (Table 1).

Table 1. Khartoum state’s Ministry of Health action plan of preparedness and response to Mpox in

the state in 2022-2023.

response for Mpox

cases.

Pillars Structure Activities Note

Coordination Mpox taskforce | Coordinates  between | The committee was led by
committee was | the stakeholders of | the Ministry of Health and
established at state | human, animal, and | members, including
level (Federal and | environmental health | animals health authorities,
state level) and seven | for the implementation | United Nations (UN)
sub-committees  at | of the preparedness, | agencies, and other non-
each locality level | surveillance, and | governmental (NGOs)
(locality level). response at locality | partners.

levels.

Disease surveillance | Enhancement of | Building capacity of | Case definition on Mpox

system surveillance systems | integrated surveillance | distributed in all HFs and
among both animals | conducted for 596 | provided to CBS
and humans to | cadres who  have | volunteers.
facilitate early | received training in
detection and | Mpox from 298 health

facilities (HFs) across
localities,

400

seven
additionally
community volunteers
were trained on
community-based

surveillance (CBS) for

Mpox.
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Laboratory

Building the
diagnostic  capacity
and readiness to
compensate serve

and/or country-wide

Three technical officers
and 3 technicians were
trained on the basic and
advanced  diagnostic

tools for Mpox.

Referral =~ system  was
established and operated
by the

teams (RRTs).

rapid response

massive screening of | Stocks  of  efficient
Mpox if needed. diagnostic kits were
mobilized, secured, and
calibrated.
Rapid Response Teams | Establishment of 7 | 7RRTsreceived training | The team was composed

in isolation centres

(RRTs) RRTs and equipping | on Mpox case | from an epidemiologist, a
them with necessary | investigation across | laboratory technician, a
resources to enable | seven localities. clinician, an infection,
early detection and prevention and control
response. (IPC) specialist, and a

public health officer)

Case management and IPC | Training for | 298 Healthcare | One Isolation centre was
healthcare providers | providers received | identified (Ibrahim Malik
on Mpox case | training in case | Hospital).
management and IPC | management and IPC A referral system was

established at airports and

other localities.

community engagement

Risk communication and

Social  behavioural
change in
coordination  with
partners through
various modalities of

risk communication

Raising awareness
sessions were delivered
through TV, Radio and
social media, mosques,
mobile  microphones,
and health promotion
theatres across seven

localities.

Health promotion activities
and engagements covered
more than 70% of the

communities.

Establishing an active surveillance system:

Recognizing the urgency, a federal task force has been formed in Sudan to establish active
surveillance measures that can identify, isolate, and provide healthcare to suspected and confirmed
cases of Mpox (Table 1). The primary aim of this task force is to assist in containing the spread of the
virus and to mitigate the impact of the outbreak on the healthcare system in Khartoum State, Sudan.

Identifying suspected cases:

In order to identify suspected cases, individuals were assessed based on their presenting
symptoms and/or relevant epidemiological history, such as recent travel to countries reported the
outbreak or close contact with confirmed or suspected cases.

Samples collection:
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After identifying suspected cases, samples were collected from the blister fluid using a swab.
These samples were then preserved in a viral transport medium (VIM) and transported to a
laboratory in compliance with WHO guidelines.

Viral DNA extraction:

Total DNA was extracted using the QIAamp Viral DNA Mini Kit (Qiagen, Diisseldorf, Germany)
according to the manufacturer's guidelines.
Laboratory investigations:

Molecular analyses were carried out at the National Public Health Laboratory (NPHL) in
Khartoum, where samples from suspected cases were examined using MPXV-specific real-time
PCR according to the manufacturer's instructions (LightMix Modular Monkeypox Virus, TIB Molbiol,
Berlin, Germany).

3. Results

Identification of suspected cases:

Between May 3¢ and 2 of November 2022, cases suspected of Mpox were emerging in
Khartoum State. Accordingly, we initiated an active case-finding surveillance to identify these cases,
associated risk factors, and collect samples for laboratory confirmation (Figure 1).
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Figure 1. Epi-curve showing of cases suspected of Mpox in Khartoum state distribution by the date
of onset in 2022.

We identified 55 suspected cases across Khartoum State with 31% were scattered in the central
part of Khartoum; 16.3% were in Jabal Awliya which is located in south Khartoum; 14.5% were in
Omdurman and a similar per cent were in Sharg El Nile (Table 2). Demographics of the suspected
cases showed that males comprised 69% whereas females comprised 31% of them representing a 2:1
female-male ratio.

Table 2. Epidemiological characteristics of Mpox suspected cases in Khartoum State in 2022.

Cases AR/10000 CFR/100
Suspected Confirmed
Khartoum 17 0 0.20
Jabal Awliya 9 0 0.94
Omdurman 8 1 0.14
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6
Bahri 4 0 0.06 0
Sharg El Nile 8 1 0.09 0
Karrari 4 0 0.05 0
UmBada 5 0 0.04 0
Total 55 2 0.11 0

Clinical presentations of suspected cases:

All suspected cases (100%) presented with skin rash and 78% displayed fever. Headache, sore
throat, lymphadenopathy, joint pain, and back pain was experienced by 47%, 45%, 45%, 13%, and
11%, respectively (Figure 2)

Backpain 89%
E Joint pain 87%
]
—
E‘ Fever 22%
>
'g Lymphadenopathy 55%
18]
v
= Sore throat 55%
.20
v

Headache 53%

Skin rash
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EYes ENo

Percentages

Figure 2. The main clinical manifestations of the suspected cases.

Characteristics and disease outcome among confirmed cases:

Among the 55 suspected individuals of Mpox, only two cases were laboratory-confirmed
positive using RT-PCR. The first case was a 34-year-old male residing in the East Nile locality who
developed symptoms, including skin rash, fever, cough, headache, and joint pain, on 7 September
2022. The patient was admitted to the Dermatology Hospital in Khartoum on 17 September 2022.
According to medical history, the lesions appeared on 12 September 2022.. Blood investigations
showed a white blood count (WBC) of 8.7 x 10°/L, haemoglobin (Hb) level of 15.4 g/dL, and platelet
count of 336 x 10%/L. Viral screening for human immunodeficiency virus (HIV), Hepatitis B and C
(HBV, HCV) was negative. The patient had no travel history during the last 2 months nor his family
members. However, the patient was a co-patient of his father who was suffering from cardiac disease
at Royal Care Hospital on the 29t of August 2022. During the father’s hospitalization period, a skin
rash appeared on the father but the dermatologist diagnosed it as scabies. Upon diagnosis for the
father by the rapid response team, the father was negative for Mpox. Based on animal contact history,
the patient had a history of animal contact in the house; goats. The human contact history of the
patient was mainly with family members, and all did not develop any symptoms or signs of Mpox.
During the Mpox manifestation period the patient was home-isolated and under follow-up by RRT
for 21 days.

The second case was a two-year-old child suffering from autoimmune and nervous system
disorder presented with fever (temperature 38°C) and skin eruption that started on 14 September
2022. The patient was admitted to Elbulk Children’s Hospital on 19 September 2022. The skin
eruption consisted of two types of lesions: maculopapular pustules on an erythematous base and


https://doi.org/10.20944/preprints202406.0168.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2024 d0i:10.20944/preprints202406.0168.v1

scattered faint erythematous macules. The child also had bilateral conjunctivitis, but no swollen
lymph nodes or mucosal lesions were observed. The child's mother reported no history of travel.
However, the father works as a truck driver in the Outskirt market in Omdurman where all vehicles
come from the Darfur States. Also, it is worth noting that the housing conditions were not ideal, with
animals, particularly cats and rodents were present within the house.

During clinical examination, the child's vital signs were normal and no signs of
lymphadenopathy. The papular lesions were widespread throughout the body, with a higher
concentration on the face, neck, extremities, and trunk (Figure 3). Laboratory tests were all within the
normal values; complete blood count examinations reported normal total white blood cell count
(WBCs) of 9.0 x 103, Hb level; 14.1 g/dL, and platelet count of 355 x 103/L. Viral screening for HIV,
HBYV, and HCV was negative. Consequently, Elbulk Children’s Hospital immediately notified the
Ministry of Health of suspecting Mpox. RRT collected swab and skin scraping samples from the skin
lesions and sent to the NPHL for molecular investigations. The patient’s family members including
the mother and two brothers were screened for Mpox. One of the skin scraping samples of a
maculopapular pustule from the patient's skin was positive for MPXV by RT-PCR. Herpes simplex
virus (HSV-1 and HSV-2) was also investigated and was negative. Family members' samples were all
negative for Mpox.

Following cases investigation and diagnosis in the NPHL, the positive samples were shipped
for sequencing to confirm the circulating Mpox strain. Genomic sequencing revealed that the
circulating strain of MPXV in Khartoum State belongs to clade I.

Figure 3. Clinical manifestation of Mpox virus lesions on a 2-year old child.

4. Discussion

This emergence of Mpox in the capital city of Sudan; Khartoum represents a serious threat to the
public health in the country. This is mainly because Khartoum State hosts of nearly around 10 million
individuals and it is featured with high human and animal mobility through national and
international transportation and major animal markets. This high human mobility is indicated by
around 2 million travellers getting and/or out of the State daily. Therefore, initiating a national
Preparedness and Response strategic plan was aimed at early detection, prevention and control of
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the country-wide spread of the Mpox outbreak given the country's poorly structured and severely
under-supported healthcare system and has not yet recovered from the COVID-19 pandemic [35].
The lack of resources and the increasing burden of other infectious diseases, including viral diseases
[36-39], parasitic [33,40—42] and bacterial infections [43], could potentially exacerbate the situation.
Despite these challenges, the prompt implementation of an integrated surveillance and response
system has helped in the containment of the outbreak and prevented the further spread of Mpox
highlighting the effectiveness of prompt response through quickly isolating the suspected cases and
providing supportive treatment for confirmed cases [44,45].

The clinical presentations of suspected cases were consistent with the characteristic skin rash
seen in Mpox [46-49] but also included other symptoms such as fever, headache, and joint pain,
which suggested a broad range of clinical manifestations that may complicate diagnosis and
treatment [46—49]. However, skin rash and fever are the most frequent combination of symptoms.
These findings underscore the need for healthcare providers to maintain a high level of clinical
suspicion and remain vigilant in their differential diagnosis and management of patients presenting
to them with skin rashes and other Mpox-related symptoms [48,49]. Interestingly, in the recent MPXV
global outbreak, there have been limited reports of cases in young children. This dearth of
information makes it difficult to provide an accurate dermatologic description for this specific
population group [50,51]. However, in our second confirmed case, Mpox rash typically manifests as
papular pustules on an erythematous base and scattered faint erythematous macules resembling
mosquito bites. Additionally, it is worth noting that the skin rash is generally the first visible sign of
MPXYV infection and is rarely reported in children [52]. Therefore, detailed descriptions of MPXV rash
in children are limited, this underscores the limited attention to child care and urges improving the
healthcare for children [53]. Furthermore, in this particular case, the child also exhibited bilateral
conjunctivitis, which is a less common finding in MPXV but can still occur [54]. The differential
diagnosis for a rash with papular pustules on an erythematous base and scattered erythematous
macules in children may include insect bites; Varicella-Zoster Virus (Chickenpox); impetigo;
Molluscum Contagiosum; scabies, drug eruption and contact dermatitis [55-57].

In this study, we attempted to investigate the source of MPXV, however, this was not successful
due to several limitations including limited awareness among the healthcare providers about the
disease, poor diagnostic capacity, and that the country is endemic with several diseases that have
similar skin manifestations [22,25]. Additionally, the lack of comprehensive monitoring of cross-
border movements and poor self-reporting of travel history challenges the contact tracing system.
Therefore, only 55 suspected cases were identified and tested. This highlights the need for
strengthening surveillance, particularly at points of entry (POE) including Khartoum airport, ground
routes, and river transportation ports [58,59]. Rigorous and extensive public health measures, such
as isolating the suspected cases, contact tracing, and tracing potential infected animal hosts need to
be improved to prevent other pandemics and public health emergencies. It is also crucial to educate
the community about the disease, its mode of transmission, and preventive measures such as
avoiding contact with infected animals or animal products and practicing good personal hygiene,
and the need to seek healthcare at the onset of disease or potential exposure [60].

Countries with low social demographic index (SDI) should invest in improving sanitation,
hygiene, and living conditions as a core part of the pandemic preparedness, prevention, and response
[12]. This was more obvious in the second case which was categorized as having low SDI, and thus
increased the risk of Mpox in children which is considered rarely occurring [52]. Therefore, the
integration of community health promotion is extremely important especially in low SDI
communities to educate the communities about the disease and more importantly to remove disease-
related stigma [61]. Diseases such as Mpox or other sexually transmitted diseases like HIV, HSV, and
Human Papilloma virus (HPV) develop a stigma in many communities since they are linked to
certain groups of people [61-63]. Mpox's sexual transmission poses significant challenges in
containment and prevention efforts, as it thrives in environments of close human interaction. The
consequences of Mpox transmission extend beyond the physical realm, impacting emotional well-
being and social dynamics. Patients with Mpox develop the stigma of being socially disapproved and
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not accepted due to this condition, which leads them to not disclose their medical condition to avoid
isolation and hospital admission, and eventually increases disease spread and difficulty in prevention
and control. Therefore, the importance of education and safe practices becomes paramount in curbing
its spread. [64].

Management of Mpox includes supportive care, such as maintaining hydration and treating
symptoms like fever and pain. In severe cases, hospitalization may be required [65]. Although there
is no specific antiviral treatment for Mpox, the smallpox vaccine (vaccinia virus) can provide
immunity against the virus and reduce the severity of the disease [66]. However, disease severity
depends on many associated factors including the MPXV strain and dose, and patient's immune
status and existing of other co-infections such as HIV, chlamydia, gonorrhoea, and syphilis [67].

The association of MPXV strain with disease severity has been described previously. MPXV
Clade I is associated with a higher mortality compared to Clade Ila and IIb. However, in the 2022
Mpox pandemic, genomic studies were able to determine that MPXV clade IIb was the strain
responsible for Mpox outside the African continent [68-70]. In this study, genomic sequencing
confirmed that the locally circulating strain of MPXV belongs to clade I. Therefore, the
epidemiological implications of Mpox clade I in this outbreak are significant and warrant more
prompt actions to prevent the disease progression. This also highlights the need for swift genomic
investigations, strain characterization and timely reporting to support public health and healthcare
providers and prioritize interventions and resource reallocation. It’s also evident that both human
and animal surveillance and diagnostic capacities must be enhanced to understand the burden of the
Mpox outbreak and determine local reservoirs [71]

Although climate change and conflicts are pivotal in infectious disease spread, climate change
also drives for spillover of zoonotic diseases [72-75]. According to the last joint external evaluation
of the International Health Regulations (IHRs-2005) core capacities conducted in Sudan in 2016, low
performance in various IHRs-2005 pillars including surveillance system, preparedness, laboratory
system, zoonotic diseases, workforce and risk communication, and emergency response operation
[76]. Taking into consideration, the evolving situation and the ongoing conflict since the evaluation
was conducted, a high number of human displacements was reported with potential emerging and
re-emergence of Mpox and other infectious diseases [77-80]. Therefore, the Sudan Ministry of Health
and other health partners must be vigilant in disease monitoring and detection to prevent any
potential outbreaks. The need for additional resources and attention cannot be overlooked, and
coordination and communication between healthcare personnel, international health organizations,
and local communities are essential in addressing this situation to successfully implement a
transdisciplinary One Health strategy that is based on practical and cost-effective framework for the
Pandemic Preparedness, Prevention, and Response.

5. Conclusions

In summary, the findings of this study call for heightened surveillance, early detection, and
timely intervention to prevent the domestic spread of Mpox and its potential impact on public health.
Continued global efforts are needed to support the implementation of effective screening, diagnostic,
and control measures, ultimately enhancing preparedness and response in the face of this emerging
disease and other future threatening pandemics.
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