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Abstract:

Objectives: Despite the possibility of concurrent infection with COVID-19 and malaria, little
is known about the clinical course of coinfected patients. We analyzed the clinical outcomes of

patients with concurrent COVID-19 and malaria infection.

Methods: We conducted a retrospective cohort study that assessed prospectively collected data
of all patients who were admitted between May and December 2020 to the Universal COVID-
19 treatment center (UCTC), Khartoum, Sudan. UCTC compiled demographic, clinical,
laboratory (including testing for malaria), and outcome data in all patients with confirmed
COVID-19 hospitalized at that clinic. The primary outcome was all-cause mortality during the
hospital stay. We built proportional hazard Cox models with malaria status as the main exposure

and stepwise adjustment for age, sex, cardiovascular comorbidities, diabetes, and hypertension.

Results: We included 591 patients with confirmed COVID-19 diagnosis who were also tested
for malaria. Mean (SD) age was 58 (16.2) years, 446/591 (75.5%) were males. Malaria was
diagnosed in 270/591 (45.7%) patients. Most malaria patients were infected by Plasmodium
falciparum (140/270; 51.9%), while 121/270 (44.8%) were coinfected with Plasmodium
falciparum and Plasmodium vivax. The median follow-up was 29 days. Crude mortality rates
were 10.71 and 5.87 per 1000 person-days for patients with and without concurrent malaria,
respectively. In the fully adjusted Cox model, patients with concurrent malaria and COVID-19

had a greater mortality risk (hazard ratio 1.43, 95% confidence interval 1.21-1.69).

Discussion: Coinfection with COVID-19 and malaria is associated with increased all-cause in-
hospital mortality compared to mono-infection with severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2).

Keywords:

Clinical outcomes; Coinfection; COVID-19; Malaria; Mortality; Sub-Saharan Africa.
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1- Introduction:

On 31 December 2019, a cluster of pneumonia cases of unknown etiology was confirmed in
Wuhan City, Hubei Province, China. On 9 January 2020, the Chinese Center for Disease Control
and Prevention (CCDC) reported that a novel coronavirus (2019-nCoV) was detected as the
causative agent, and by 17 January 2020, a total of 44 laboratory-confirmed cases infected with
2019-nCoV have been reported, 41 from Wuhan, China and three travel-associated to (two
patients in Thailand and one in Japan). Most of the patients visited a local fish and wild animal
market in Wuhan. Furthermore, the local food market was cleaned and closed to the public on
1 January 2020.' On 7" January 2020, the CCDC identified the causative virus from throat
swab samples and was subsequently named Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), tentatively named by World Health Organization (WHO) as the 2019-new
coronavirus (2019-nCoV).* Additionally, by the end of January 2020, the WHO declared that
the SARS-CoV-2 outbreak constituted a Public Health Emergency of International Concern
(PHEIC). On March 11, 2020, the WHO declared the novel coronavirus (COVID-19) outbreak
a global pandemic.>® On 5% May 2023, the WHO announced that the COVID-19 epidemic
would no longer be listed as a public health emergency of international concern, more than three
years after the first PHEIC alert in January 2020.78 The first African case of SARS-CoV-2 was
notified by Egypt on 14 February 2020, while the first case in Sudan was reported on 13
March.”!? Globally, as of September 2024, the WHO has reported over 776 million confirmed
cases and 7,061,330 confirmed deaths from or with COVID-19. These numbers include 63,993

confirmed cases and 5,046 deaths from Sudan®.

The spread of COVID-19 has been devastating for some low-and-middle-income countries
(LMICs) around the world, including Sudan, where presumably much more than the reported
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patients have succumbed to COVID-19. The challenges for public health were enormous, and
COVID-19 has been a major obstacle to human development in Sudan. The health systems were
overwhelmed by the effect of the COVID-19 pandemic which led to disruptions in access to
essential health services. Poor healthcare literacy and false information spread through social
media further compound the impact of COVID-19. For example, social media have propagated
and amplified the belief that the small number of COVID-19 cases reported in March and April
2020 was an indication that SARS-CoV-2 cannot survive and spread in Sudan’s sweltering heat.
This belief mirrored similar misconceptions in other tropical regions, suggesting that high
temperatures could kill the virus or reduce its spread. Another misconception is that prior
exposure to malaria plasmodium or those with active malaria infections were at lower risk of
SARS-CoV-2 infection or developing severe disease. This false perception led many individuals
to reduce their adherence to public health measures. People delayed seeking medical care and
neglected mask-wearing and social distancing, believing that malaria would offer sufficient

protection.

This intersection of malaria and COVID-19 misinformation served as a key motivator for this
research project, focusing on the clinical outcomes of co-infection. The aim is to explore how
the simultaneous burden of malaria and COVID-19 influences disease progression, treatment
responses, and recovery outcomes, addressing gaps in knowledge. It also seeks to challenge the
misconception of malaria’s protective role and highlights the need for integrated approaches to
managing both diseases. Furthermore, this project underscores the importance of robust public
health strategies based on evidence rather than assumptions, particularly in resource-constrained
settings like Sudan. Accurate information and targeted interventions are crucial for ensuring that

both malaria and COVID-19 are effectively managed, with minimal disruption to either disease's



control efforts. Additionally, the spread of misinformation about malaria's supposed protective
effect against COVID-19 has indeed played a significant role in shaping the need for
comprehensive research into the actual clinical outcomes of co-infection. Moreover, both
infections place significant stress on the immune system, making patients more vulnerable to
complications, including severe respiratory distress and multi-organ failure. This highlights the
importance of managing both diseases concurrently, rather than relying on one to mitigate the
other. This study ultimately seeks to fill the knowledge gap on the true impact of malaria-
COVID-19 co-infections, dispelling dangerous myths, and guiding informed public health
policies. However, despite the initially low COVID-19 cases during the early stages of the
pandemic, the infection rate later rose rapidly. The case fatality ratio (CFR) of COVID-19 in
Sudan reached 6.23%, with wide regional disparities, from 3.8% in Khartoum to as high as 30%
and 66% in North and Central Darfur, respectively. These differences reflect disparities in
hospital infrastructure and diagnostic facilities between the capital city (Khartoum) and the
remote areas.'®!! Additionally, the pandemic has severely impacted Sudan’s healthcare system,
with most public and private clinics forced to close due to high infection rates. COVID-19
isolation centers and intensive care services were overwhelmed by a lack of beds, oxygen

supplies, and ventilators, further complicating the response to the pandemic.

1.1- Impact of the COVID-19 Pandemic on Malaria Control in Sudan:

Malaria, a mosquito-borne infectious disease, is caused by several types of plasmodium
protozoa. The main species is plasmodium falciparum (PF), representing 87.6% of cases; it
accounts for most of the morbidity and mortality, followed by plasmodium vivax (PV; 8.1% of

cases) and PF/PV co-infections (5%).!%"!> According to the latest World Malaria report, there



were an estimated 249 million malaria cases in 85 malaria-endemic countries in 2022, a case
incidence of 58 per 1000 population risk.

Over decades, malaria has been a constant scourge in Sudan, despite years of control efforts, it
continues to be one of the leading infectious diseases that significantly impact the health system.
Almost 75% of the population is at risk of infection and developing malaria. Malaria
transmission is unstable putting the whole country at risk of malaria endemic. The incidence and
transmission of malaria increases during times of heavy rain and floods, and whenever control
activities are disrupted. In 2015, over 586 thousand confirmed malaria cases were reported by
public health facilities; however, the estimated case count was 1.4 million. Likewise, 868 deaths
from malaria were reported, the estimated number was 3,500. Malaria cases represent 8.7% and
12.2% of the total outpatient visits and hospital admissions, respectively. In 2015, the malaria
CFR was 4.3%, making it a leading cause of death in Sudan®.

Malaria control in Sudan during the COVID-19 pandemic faced several challenges, similar to
those experienced in other malaria-endemic regions. The COVID-19 pandemic placed immense
pressure on Sudan's healthcare system, diverting resources and attention away from malaria
control efforts. Hospitals and clinics were often overwhelmed with COVID-19 cases, which
affected the availability of services for malaria control, diagnosis, and treatment.

Here are some key points regarding malaria prevention/control during the pandemic period in

Sudan:

1.1.1. The disruption of health services: The pandemic led to interruptions in malaria
prevention and treatment services, such as the distribution of insecticide-treated nets
(ITNs) and indoor residual spraying (IRS), and access to antimalarial medications,

particularly in rural and remote areas.



1.1.2.

1.1.3.

1.14.

1.1.5.

1.1.6.

1.1.7.

Supply Chain Challenges: Lockdowns and restrictions affected the supply chains for
essential malaria control tools, leading to shortages of drugs, bed nets, rapid diagnostic
test kits, and insecticide.

Increased Vulnerability: The economic impact of the pandemic exacerbated existing
vulnerabilities in Sudan, where many communities faced food insecurity and faced
challenges in accessing healthcare facilities.

Adaptation of Strategies: In response to the challenges, health authorities and
organizations in Sudan adapted their strategies to continue malaria control services. This
included integrating malaria services with COVID-19 response efforts, utilizing
telehealth for consultations, and ensuring that essential malaria services remained
operational while addressing the pandemic.

Community Engagement: Community health workers played a crucial role in
maintaining awareness about malaria prevention and treatment during the pandemic.
They helped disseminate information about both malaria and COVID-19, encouraging
communities to seek care when needed.

Data Monitoring: The pandemic highlighted the importance of robust data collection
and monitoring systems to track malaria cases and ensure that control measures are
effectively implemented, even in the face of a global health crisis.

Global Collaboration and International Support: International organizations,
governments, and nongovernmental organizations (NGOs) have worked together to
maintain focus on malaria control, emphasizing the need for continued funding and
support to prevent a resurgence of the disease. Furthermore, the WHO continued to
provide support to Sudan for malaria control. This included funding, technical

assistance, and resources to help mitigate the impact of the pandemic on malaria services.
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In conclusion, while the COVID-19 pandemic posed significant challenges to malaria control
in Sudan, efforts were made to adapt and maintain essential services. Continued focus on malaria
prevention and treatment remains critical to prevent a resurgence of the disease in the post-

pandemic period.
1.2-  Malaria in vulnerable populations:
1.2.1- Malaria in Children:

Children under five years of age are indeed the most vulnerable group to malaria, and the disease
poses significant health risks that can lead to severe morbidity and mortality.'®> This age group
is particularly vulnerable due to several factors, including their developing immune systems and
the high prevalence of malaria in their communities. The impact of malaria on young children

can be explained in different ways:

1.2.1.1.The impact of malaria infection during pregnancy can lead to low birth weight,
which is a critical risk factor for neonatal morbidity and mortality. Infants born with
low birth weight are more susceptible to infections and have a higher likelihood of
complications in the first month of life.

1.2.1.2.High mortality rates: Children under five are at the highest risk of severe malaria,
which can lead to death if not treated promptly. The WHO estimates that malaria is
responsible for a significant proportion of child deaths in endemic areas.

1.2.1.3.Severe Malaria Manifestations: Severe malaria can manifest as cerebral malaria,
characterized by neurological symptoms such as seizures, altered consciousness, and
coma. This form of malaria can progress rapidly and may lead to death within hours

or days if not treated promptly.



1.2.1.4.Severe anemia as a consequence of repeated infections, children who experience
repeated malaria infections are at a heightened risk of developing severe anemia.

1.2.1.5.Increased Susceptibility to Infections: Children who have experienced malaria
infections may have weakened immune systems, making them more susceptible to

other infectious diseases, which can compound health challenges.

Malaria in children under five years of age is a critical public health issue that requires urgent
attention. By implementing effective prevention and treatment strategies, healthcare providers
and communities can significantly reduce the burden of malaria in this vulnerable population.
Addressing the challenges posed by malaria is essential for improving child health outcomes

and achieving broader public health goals in malaria-endemic regions.
1.2.2-Malaria in Pregnancy:

Malaria in pregnancy (MIP) poses a significant public health challenge in Sudan where malaria
is endemic, the burden of MIP is particularly high, necessitating targeted interventions to reduce
transmission and protect pregnant women. The MIP contributes to maternal anemia, fetal loss,
premature delivery, intrauterine growth retardation, and low birth weight. Pregnant women are
particularly vulnerable to malaria due to physiological changes that occur during pregnancy,
which can compromise their immune response'>!®. The following points highlight the critical

aspects of malaria in this vulnerable population:
1.2.2.1. Maternal Health Risks:

1.2.2.1.1 Increased morbidity and mortality: Plasmodium falciparum, the most
dangerous malaria parasite, can sequester in the placenta, leading to severe

complications. It is estimated that malaria may contribute to nearly one-



quarter of all maternal deaths, particularly affecting women during the first
trimester when over 60% of infections occur.'>1¢
1.2.2.1.2 Maternal Anemia: Malaria can lead to significant anemia in pregnant

women, which increases the risk of complications during childbirth and can

adversely affect maternal health.

1.2.2.2. Fetal Health Risks:

1.2.2.2.1. Fetal Loss and Premature Delivery: Malaria infection during pregnancy is
associated with an increased risk of miscarriage and premature birth, which
can have devastating effects on both the mother and the newborn.

1.2.2.2.2. Intrauterine Growth Retardation (IUGR): The infection can hinder fetal
growth, leading to low birth weight (LBW) and associated health

complications for the infant.

Effective management of malaria in vulnerable population requires an integrated approach
that includes preventive measures such as I'TNs, intermittent preventive treatment (IPT) with
antimalarial drugs, and access to prompt diagnosis and treatment. Ensuring that pregnant
women have access to comprehensive antenatal care services that include malaria screening
and treatment can help mitigate risks. Furthermore, raising awareness about the risks of
malaria during pregnancy and the importance of preventive measures can empower women

to take proactive steps to protect themselves.

1.3-Sudan Humanitarian Crisis:

On April 15th, 2023, violent clashes erupted between the Sudanese Armed Forces (SAF) and

the paramilitary Rapid Support Forces (RSF) in Khartoum and other parts of Sudan, resulting



in the displacement of more than 12 million people, including 10 million internally displaced
people (IDPs) places immense strain on public services, such as healthcare, water, sanitation,
and food distribution systems. The influx of refugees into neighboring countries such as Chad,
South Sudan, Egypt, and the Central African Republic, has further destabilized these fragile
states worsening regional instability, creating additional burdens for fragile neighboring states,
and affecting the provision of humanitarian aid. Sudan’s healthcare system, already struggling
and weakened before the conflict, is now overwhelmed by the outbreak of diseases such as
cholera, measles, dengue fever, and malaria, further restricting and limiting access to essential
healthcare services. Furthermore, the conflict has exacerbated Sudan’s existing challenges,
including political and economic instability, ongoing internal conflicts, and the effects of climate

emergencies.'?

The world’s worst internal displacement crisis continues to escalate, with looming famine and
disease adding to the havoc wrought by conflict. In addition, the Integrated Food Security Phase
Classification (IPC) analysis Technical Working Group reveals how the country is on the brink
of a famine crisis in sixteen (16) areas and clusters of IDPs and refugees characterized by
extremely high acute food insecurity. Over half of the population (25.6 M people) is in high
levels of acute food insecurity, with 755,000 people already in catastrophic conditions and
fourteen (14) areas at risk of famine crisis between June and September 2024. Various and
significant disease outbreaks have occurred across Sudan, including over 10,000 suspected
cholera cases, approximately 5,000 occurrences of measles, about 8,000 dengue fever cases, and
over 1.2 million clinical cases of malaria.'> The convergence of malnutrition and disease
accelerates mortality rates, particularly among vulnerable groups such as children and displaced

populations.



This humanitarian crisis reveals a critical link between conflict, health, and societal collapse.
Violent conflict not only disrupts healthcare access but also triggers disease outbreaks and
creates long-term socioeconomic instability. The Sudan crisis illustrates how weakened
healthcare capacities can magnify vulnerabilities in a population already facing multiple
stressors, including armed conflict, food shortages, environmental stressors, and climate

hazards.'>'

Understanding Sudan’s recent situation is crucial for highlighting and emphasizing the need to
address both immediate humanitarian needs and systemic vulnerabilities. The severity of this
crisis also provides a foundation for assessing the effectiveness of response efforts and
identifying areas that require further intervention. Addressing these interconnected challenges
is essential to reducing suffering and preventing the further breakdown of public systems in

Sudan.

Justification:

This research project was driven by widespread misinformation, including beliefs that high
temperatures or prior malaria infections, whether recent or ongoing, could provide protection
against COVID-19. These misconceptions, along with the lack of longitudinal studies on the
impact of malaria on COVID-19 outcomes, motivated and underscored the need for this study
to determine their relationship and to advance our understanding of the clinical course and
outcome in patients with concurrent malaria and COVID-19. Additionally, the relatively low
prevalence and mortality of COVID-19 in malaria-endemic countries, such as Sudan, raised

questions about the potential influence of malaria on COVID-19 dynamics.
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The intersection of these factors motivated us to explore the relationship between malaria and
COVID-19 to advance our understanding of the clinical course and outcomes in patients with
concurrent infections. By addressing these gaps, this study aims to provide valuable insights that

can inform public health strategies and improve patient care in regions affected by both diseases.
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3- Literature review
3.1- Trends of the Global Burden of Malaria

While progress has been made in reducing malaria cases and deaths in recent years, there are
still many areas where the burden of the disease remains high. Factors such as climate change,
drug resistance, and inadequate funding for prevention and treatment programs continue to pose
challenges in the fight against malaria. Governments, organizations, and individuals need to

continue working together to address these issues and reduce the burden of malaria worldwide.

In 2019, Africa accounted for 94% (213 million cases) of malaria cases and 94% (386,000
deaths) of malaria deaths globally,'” the majority of which appeared in the sub-Saharan African
region'!. According to the latest WHO’s 2023 World Malaria report, the estimated number of

global malaria cases in 2022 exceeded pre-COVID-19 pandemic levels in 201916,

The annual assessment and report noted that an estimated 249 million cases of malaria occurred
in 85 malaria-endemic countries in 2022, a case incidence of 58 per 1000 population risk. For
comparison, in 2019 there were an estimated 233 million global cases, a case incidence of 57
per 1000 population at risk. The numbers for 2022 were 55% higher than they should have been
if the 2025 Global technical strategy for malaria targets are to be met—an incidence of only 26

cases per 1000 population at risk was expected in 20226,

3.2-The syndemic of COVID-19 and malaria in Africa:

The COVID-19 pandemic continues to wreak havoc around the world, particularly in resource-
limited settings, the syndemic of COVID-19 and malaria in Africa presents a complex and
challenging situation for public health systems in the region. Both diseases pose significant

threats to the population, with overlapping risk factors and potential for co-infection. The impact
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of the COVID-19 pandemic on malaria control efforts, such as disruptions to healthcare services
and supply chains, has the potential to exacerbate the burden of malaria in Africa. Additionally,
malaria is a mosquito-borne infectious disease caused by Plasmodium parasites, whose
transmission depends on various impact factors, including but not limited to; climate changes,

human behaviors, and the impact of socio-economic status'®2.

Understanding the differences in transmission and clinical presentation of COVID-19 and
malaria is important for effectively preventing, diagnosing, and management of both diseases.
Public health measures tailored to the specific modes of transmission of each disease are

essential in controlling their spread and reducing their impact on global health.

It is crucial for governments, healthcare providers, and international organizations to implement
strategies that address the dual challenges of COVID-19 and malaria in a coordinated and
comprehensive manner. This may include ensuring access to essential healthcare services,
promoting preventive measures such as vector control and vaccination, and strengthening health
systems to respond to both diseases effectively. Collaboration and innovation will be key in
mitigating the syndemic of COVID-19 and malaria in Africa and protecting the health and well-

being of the population.

3.3-The similarity between malaria and COVID-19:

While COVID-19 and malaria are caused by different pathogens and have distinct modes of
transmission, there are some similarities in their clinical presentation and impact on public
health. Malaria and COVID-19 share several clinical signs and symptoms such as myalgia,
fever, cough, diarrhea, vomiting, headache, and fatigue. It can be challenging to distinguish
COVID-19 from malaria, especially in areas where malaria is endemic. Additionally, the effect
of malaria and COVID-19 on the coagulation system is an area of ongoing research and study.
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Both diseases have been associated with abnormalities in the coagulation system, leading to an
increased risk of blood clotting disorders and other complications.

The contemporaneity of the COVID-19 pandemic and malaria epidemics can be devastating in
resource-limited settings, leading to overburdening of healthcare services and deterioration of

resource scarcity.

3.4-The low prevalence of COVID-19 in malaria-endemic countries

Fighting COVID-19 in regions where malaria is endemic has been affected by ecological studies
suggesting that countries with high malaria incidence tend to have lower COVID-19 mortality
and by cross-sectional analyses reporting that patients previously exposed to malaria may have
a better prognosis*®, based on the hypothesis that immunological memory against Plasmodium
falciparum may mitigate SARS-CoV-2 infection®’. Also, the suggestion that
hydroxychloroquine (HCQ) and chloroquine (CQ) anti-malarial drugs, could be effective
against SARS-CoV-2 has supported the notion that patients with SARS-CoV-2 previously
exposed to malaria may have better outcomes® '°.

The use of hydroxychloroquine and chloroquine in the treatment of COVID-19 has been a topic
of debate and ongoing research. Initially, there was interest in these drugs due to their potential
antiviral properties and their ability to modulate the immune response. However, subsequent
studies and clinical trials have shown mixed results regarding their effectiveness in treating
COVID-19. A meta-analysis combining six studies showed no statistical significance in
achieving virological cure and a decrease in time for clinical recovery in patients treated with
HCQ or chloroquine®®. Furthermore, another clinical trial reported that HCQ or CQ use in

COVID-19 carries more risks than benefits?’.
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Healthcare providers need to stay informed about the latest research and recommendations
regarding the use of HCQ or CQ in COVID-19 treatment. Patients should consult with their
healthcare provider before starting any new treatment and follow evidence-based guidelines to
ensure safe and effective care.

3.5-Implementation of the RTS, S/AS01 malaria vaccine in sub-Saharan African countries
The first malaria vaccine, RTS,S, was recommended by WHO to prevent malaria in children in
October 2021. The vaccine has reached nearly 2 million children in Ghana, Kenya, and Malawi
through the Malaria Vaccine Implementation Program (MVIP) since 2019. RTS,S/ASO1
(RTS,S) is a recombinant protein malaria vaccine that targets the circumsporozoite protein
of PF, expressed by the malaria parasite at the pre-erythrocytic stage, in which part of the
circumsporozoite sequence is coexpressed with fused and free hepatitis B surface antigen and
formulated with the AS0O1 adjuvant?®?°.

The RTS,S vaccine has been shown to be safe and effective, resulting in a drop of 13% in all-
cause early childhood deaths and a substantial reduction in severe malaria. Furthermore, the
RTS,S vaccine is reaching children who are not using other forms of malaria prevention®***. To
date, at least 28 countries in the WHO African Region have expressed interest in introducing
the malaria vaccine including Sudan.

In October 2023, WHO recommended a second safe and effective malaria vaccine, R21. The
two vaccines will give broad coverage to children living in areas where malaria is a public health
problem.

3.6-COVID-19 Vaccines

There are many COVID-19 vaccines shown to be safe and very effective at protecting people
from severe COVID-19 illness, hospitalization, and death. The COVID-19 vaccines may also

prevent the spread of disease to others. People who have already had COVID-19 should be
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vaccinated to prevent getting COVID-19 again. COVID-19 vaccination can have a substantial
impact on mitigating COVID-19 outbreaks. However, continued compliance with non-
pharmaceutical interventions and protections is essential to achieve this impact.

According to the WHO, the date of the first COVID-19 vaccine introduction was 22 July 2020,
since that time, more than 13.64 bn (Sudan accounts13.4 m) total COVID-19 vaccine doses has
been administered, 67% of total population vaccinated with a complete primary series of a
COVID-19 vaccine, 32% of total population vaccinated with at least one booster dose of a
COVID-19 vaccine.

In African regions, a total of 646.45m COVID-19 vaccine doses has been administered since
the date of the first COVID-19 vaccine introduction on January 10™, 2021. A 33% of total
population vaccinated with a complete primary series of a COVID-19 vaccine, and only 6% of
total population is vaccinated with at least one booster dose of a COVID-19 vaccine.

In Sudan, the first COVID-19 vaccine introduction was on March 9th, 2021. A total of 28.66m
COVID-19 vaccine doses has been administered. 33% of the total population vaccinated with a
complete primary series of a COVID-19 vaccine. Data not available for a percentage of total
population vaccinated with at least one booster dose of a COVID-19 vaccine®”.

3.7-Vaccine Hesitancy and Lack of Awareness:

Vaccine hesitancy refers to a delay in acceptance or refusal of vaccines despite the availability
of vaccination services. During the Pandemic, several millions worldwide, particularly in
Africa, were hesitant to receive the COVID-19 vaccine. Vaccine hesitancy is not limited to
COVID-19 vaccines and decisions related to other vaccination will also be affected.

The impact of social media on COVID-19 vaccine hesitancy in Africa can be significant. Social

media platforms can amplify misinformation and conspiracy theories about vaccines, leading to
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increased hesitancy among individuals. False information spread through social media can erode
trust in vaccines, public health authorities, and the healthcare system as a whole*>~7.
Addressing vaccine hesitancy in Africa is crucial for achieving widespread vaccination coverage
and controlling the spread of both COVID-19 and Malaria on the continent.

Much misinformation spread via social media said that the COVID-19 vaccine was introduced
to kill the population and decrease the number of populations worldwide. Moreover, the vaccine
can cause serious complications including infertility and cardiac diseases!

It is essential for public health organizations and governments to actively combat
misinformation on social media and promote accurate information about all types of vaccines
to address vaccine hesitancy effectively.

3.8-Social Stigma During COVID-19:

Stigmatization refers to the social process of labeling, stereotyping, and discriminating against
individuals or groups based on certain characteristics, attributes, or behaviors that are perceived
as deviant, undesirable, or different from the norm. Stigmatization can lead to negative attitudes,
prejudice, and discrimination towards those who are stigmatized, resulting in social exclusion,
marginalization, and harm to their well-being and dignity.

In Sudan, stigmatization was reported throughout the COVID-19 pandemic for COVID-19
patients and close contacts. Economic crisis, high poverty rate, food insecurity affects most of
Sudan's population. Approximately, one-third of Sudan's population (36.1%) falls below the
poverty line*®. The lockdown during the pandemic has been hard for many peoples in Sudan,
particularly for individuals who depend on a day-by-day income.

The lockdown during the pandemic had adversely affected the majority of Sudanese peoples in

terms of social, mental health, and economic well-being.
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4-Objectives:

4.1-

4.2-

Primary Objective:

The main objective of studying the syndemic of malaria and COVID-19 is to
understand and investigate the impact of co-infection of COVID-19 with malaria
on disease severity and clinical outcomes.

Secondary Objective:

1. Identify populations at increased risk of co-infection or severe outcomes from
malaria and COVID-19, such as comorbidities, outcomes of both diseases among
different demographic groups.

il. Investigate the interactions between malaria and COVID-19, such as the
potential for co-infection and the impact of one disease on the severity and

outcomes of the other.
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5- Material and Methods

5.1- Ethics statement

The study proposal was submitted to the Research Administration at the State Ministry of Health
(MOH), Khartoum. An expedited review was conducted by the MOH Ethics Review

Committees and approval was granted (protocol COVID-19/001/2020).

5.2- Study design and setting

Sudan is the third-largest African country and the seventeenth-largest in the world. The total
land area is 1,765,048 Km2 (681,489 sq. miles).! The country has a total population of
43,849,260 and is located in the northeastern part of Africa. It shares borders with seven
countries: the Central African Republic, Chad, Egypt, Eritrea, Ethiopia, Libya, and South Sudan.
Positioned at the crossroads between Sub-Saharan Africa and the Middle East, Sudan also faces

the Red Sea along its northeastern border.*’

Khartoum State is where the national capital of Sudan, Khartoum city, is located. It is the most
populous in Sudan, with an estimated population of 9.4 million people despite being the smallest
state by area. Furthermore, Khartoum hosts the country's largest number of refugees and asylum
seekers, an estimated over 309,000 people (38% of all the refugees in Sudan). An estimated
120,000 South Sudanese, 93,000 Syrian and 2,000 Yemeni refugees live in Khartoum. In

addition to refugees from Eritrea, Ethiopia, the Central African Republic (CAR) and Chad.*!

Khartoum is Sudan’s primary healthcare hub, but the system is severely stressed due to the
combined effects of ongoing conflict and an overburdened infrastructure. These challenges are

compounded by the influx of refugees, growing healthcare needs, and the fallout from wars,
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which have resulted in severe shortages of supplies, staff, and functioning medical facilities.
While Khartoum’s hospitals have been central to the country’s healthcare delivery, the system
has struggled to respond to crises like COVID-19 and more recent conflicts, leaving many

vulnerable populations without adequate care.

During the pandemic in Sudan, the healthcare systems, including referral and treatment
pathways, underwent significant restructuring to handle the surge of cases. The pandemic
highlighted the importance of coordination between healthcare providers among different

healthcare facilities.

In particular, the MOH played a crucial role in establishing COVID-19 referral and treatment
facilities. The MOH managed the temporary biggest and largest COVID-19 treatment center in
Sudan, the Universal COVID-19 Treatment Center (UCTC). The UCTC had over 500 beds with
central oxygen supply including fully equipped ICU/HDU beds, and 40 hemodialysis machines
dedicated solely to COVID-19 patients experiencing kidney complications. Furthermore,
specialized air filtration systems were installed to enhance infection control and reduce
transmission risks within the facility. Additionally, UCTC was part of an integrated referral
system that ensured patients with severe conditions were transferred from other healthcare
facilities for advanced treatment. The referral system was coordinated through emergency
response hotlines, allowing suspected COVID-19 patients to be directed to appropriate facilities
using centralized triage and ambulance services. Additionally, ambulance services were
mobilized to transfer severe cases from primary health facilities or community settings to

designated COVID-19 hospitals and isolation centers according to disease severity.

Key Components of the COVID-19 Referral System in Khartoum:
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During the COVID-19 pandemic, Sudan, implemented a referral system was developed to
manage the influx of cases by streamlining efficient triage and delivering care at various levels.
The system involved several layers to ensure that patients received appropriate care based on

the severity of their symptoms:

1. Triage and Screening Points: These were set up at all healthcare facilities to quickly
identify cases and assess their disease severity before referring them to isolation or
treatment centers.

2. Isolation of Mild Cases: Home isolation was recommended for asymptomatic or mild
cases, reducing the burden on hospitals. Moreover, specific isolation centers were
designated for those who could not isolate at home, ensuring better control over
community transmission.

3. Treatment centers for Critical Cases: Patients with critical conditions were prioritized
for referral to specialized units. Referral coordination ensured patients were sent to

facilities equipped with ventilators and HDU/ICU.

This coordination minimized delays and improved the efficiency of care delivery, especially for

patients needing advanced support, such as mechanical ventilation.

The MOH worked to educate communities about the referral process and services. This included
promoting early identification of symptoms and using the national COVID-19 hotline for advice
and referral recommendations. Despite the huge efforts made by MOH and local communities,
many challenges faced by the referral system such as limited healthcare infrastructure, shortages
of medical supplies and trained staff, overwhelmed treatment centers, access issues, and

resource limitations.
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5.3 Study Participants

We report the results of a retrospective cohort study that assessed prospectively collected data.
The study questions were formulated prior to data collection. We reviewed records of all patients
who were admitted between May and December 2020 to the Universal COVID-19 Treatment
Center (UCTC), Khartoum, Sudan. UCTC is the largest COVID-19 clinic in Sudan. It receives
only critically ill patients from hospitals located in Khartoum state and beyond, primary isolation
centers, and home isolation. All admitted patients had either COVID-19 confirmed by RT-PCR
or suspected by clinical presentation and chest computer tomography. On admission, all patients
without previously confirmed COVID-19 were tested by SARS-CoV-2 RT-PCR from
nasopharyngeal and/or oropharyngeal swabs.

Malaria infection was screened by both an antigen-based rapid diagnostic test (RDT) and
microscopic confirmation of Plasmodium falciparum (PF) and/or Plasmodium vivax (PV).

The Ecotest Malaria PF/Pan Rapid Test Device (MAL-W23M, CTK Biotech, Poway, CA, USA)
is a chromatographic immunoassay for rapid qualitative determination of antigen in whole
blood. This test depends on the presence of PF histidine-rich protein II specific to PF and
plasmodium lactate dehydrogenase specific to PV in human blood samples; it has been applied
with thin or thick microscopy on clinical samples. The results showed sensitivity and specificity
of 99.9% and over 99%, respectively, relative to microscopy. All RDTs were maintained at
room temperature until first use. RDTs were labelled with a sample identification number and
the date on which the test was performed. Tests were conducted per manufacturer's instructions.
All patients with confirmed COVID-19 who were tested for malaria were included in this study.

Patients who were diagnosed with malaria before admission (n % 13), were re-tested using RDT
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and microscopy. Per our laboratory's experience, the Ecotest is accurate and performs well even
in low parasite density.

Demographic, clinical, laboratory, and outcome data (Table 1) were extracted from the medical
records and entered into an electronic, study-specific database. Steps to ensure data integrity and
privacy were implemented.

5.4- Exposure:

The primary exposure was coinfection with malaria and SARSCoV-2, as defined above. In
additional exploratory analyses, exposures were infection by various malaria species, namely
PF, PV, and infection with both PF and PV. Malaria case severity was classified

according to the World Health Organization (WHO) criteria (Table 2) [11].

5.5- Outcomes

5.5.1-Primary outcome:

The primary outcome was the all-cause in-hospital mortality. Time-at-risk started at hospital
admission and ended either at the date of death or hospital discharge. As sensitivity analysis,
start time at risk was changed to the onset of COVID-19 symptoms.

5.5.2-Exploratory outcomes:

Exploratory outcomes were the intensive care unit (ICU) admission, need for mechanical
ventilation, acute kidney injury (AKI), and kidney replacement therapy (Fig. 3). AKI was

defined per Kidney Disease: Improving Global Outcomes (KDIGO) guidelines. '

6- Statistical analysis:
Continuous data are summarized as mean and standard deviation (SD) or as median and

interquartile range (IQR). Differences between continuous variables are estimated by student's
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t-test or Wilcoxon test. Categorical variables are summarized as proportions. Differences across
groups are estimated using c2 or Fisher's exact tests. Event rates are calculated as incident rates
per 1000 person-days of follow-up. Kaplan Meier survival curves are compared using the log-
rank test. CI are reported with 95% confidence level.

For the primary outcome, all-cause in-hospital mortality, proportional hazard Cox models are
built with malaria status as the main exposure. Models are built stepwise with incremental
covariate adjustments made according to a priori selected variables based on causal assumptions
between the exposure and the outcome. Accordingly, the first adjustment set includes age and
sex: further adjusted models include cardiovascular comorbidities, diabetes, and hypertension
as covariates.

We use generalized estimating equations with independent working covariance structure to
estimate the associations between malaria on survival. Generalized estimating equations models
are used to estimate population average effects in the presence of correlations between analysis
units. In this study, we use geographical location as a cluster.

Proportional hazards assumptions are tested by inspection of Kaplan-Meier curves and testing
log(time) interaction with malaria status. Effect modification of the Khartoum region on the
malaria exposure is tested by including an interaction term between region and malaria in the
fully adjusted model. Additionally, effect modification by age is tested by an interaction term
between median age and malaria in the fully adjusted model. Missingness is assumed to be
completely at random and a complete case analysis is performed. Secondary outcomes are
modelled using logistic regression.

Adjusted ORs are estimated in models including age, sex, hypertension, diabetes, and
cardiovascular diseases as covariates. Sensitivity analysis according to malaria severity is

performed.
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All analyses are performed using R software 4.1.1 (R Foundation for Statistical Computing,

Vienna, Austria. URL https://www.Rproject.org/).
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7- Results:

7.1- Impact of COVID-19 and malaria coinfection on clinical outcomes: A
retrospective cohort study. Published at Clinical Microbiology and Infection,
28(8), 1152.e1-1152.¢e6. https://doi.org/10.1016/j.cmi.2022.03.028
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Secondary outcomes are modelled using logistic regression
Adjusted DRs are estimated in models including age, sex hyper-
tenlon, diabetes, and cardiovaicular disexses 25 ooV e 5 e -
tivity anabysis scoonding to malaria severity is

All anslyses are performed wsing R software 411 (R Foundation
for Statistical Compisting, Vienns, Auotds RL litps: [fwasw B-
projectorgi)

Results

Between May and December 20040, 638 patients were admitted
o LACTC i Kharibum, Sudan. Malaria e ng was av ail sbie in 591
(92.6K) patients, constituting the final snaltical cohort All 591
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patients had confirmed COVID-19 (Fig | ) Fory-seven patients
withsout malsris testing were exclsded rom the analyds included
and excligbed patients showed mostly similar characteristics
(Talde 571 Patients from Khanowm and other regions had mosty
comparable demographics, comordbidities, and COVID-19 symp-
oS Al presents tion | Table 511 Malaria was confirmed in Z70/551
(45.7%) subjects, including 13 patients with diagnods two to five
days prior 1o admisdon; thes patients showed no parasitemia
when re-tested, probably due to previows anti-malar al tre atment
Malaria treatment (wsually sremetheriumefantrine B00480 Lab-
lets) was instituted in most patients, ncluding 39 patisnts with
typical clinical manifestation yer sbeen) positive tests. A greater
propartion of malaria patients resded outsde Khartoum (57851
Adiditiomnal ly, mode males and disbe tic pati ents were present in the
malaria growp. Most malafa patients were infected by PF [519%);
44 8% were i nfeded with PFand PY(Table | | Fever and tiredmess
wene present in almost all patients in both groups, while mugh
tended to be more prevalent among individuals with malada. A
primary COVID-19 contect was mone often identified among pa-
Lhents wi th malaria (139% v, 2685

Flg 51 summarizes the process for case defindtion of severs
malaria; 2400270 (BA9%) met the WHO criteria for severs malaria
at clinical presentation (Table 54 Most patients with malamia had
renal impaimment, acidosis, prostration, and lyperparasitemis st
climdcal presentation| Talde 54) More than one third presentedwith
shack; heng edema wis diagnoted in 14,65 Comparned o patients
with non-severs malaria, severe patients tended to have mone
hypertendon and dabetes, while presenting aymploms were not
different other than thise defined by the WHO aiteria (Talies 54
amd 551 More patients in the svers malaia group neaded -
gen support (952) a5 ompared b non-devers malara (913 and to
e without madaria disgnosis| 89%). Oxygen flow rates were 113
(+4.6), 93 (47 and 105 (+4.8) Limin for severe malaria, non-
sevrere malaria, and non-malsris goups e speectvely.

ety findloiwe wpowes 29 days. Cride martality rates wene TRT1
and 587 per 1000 person-days in the malaria and non-malsria
growps, respectively (Fig. 21 Median length of hospital stay was
21 days (IQR: 14—28) for the maleria group and 20 days (IQR:
15-28) for the non-malaris growp (p — 048, Wilasxon test). The
median period between symplom onset and hospital sdmission
wiadh days (IQR: 5—9)in the malaris group and B das (IQR: 5-11)
im the mon-malaria group (p - 00005, Wilomoon test]

COVID-19 admissian
5/5/2020 to 12/31/2020
n=63k

| -

Analytical cohort
M=591

E Hesain o al f Cladmd Wi iy and Mfacson 28 [ 000 | 152 e RISl

Talsle 7 i gpsla v the haea el ratios (HR ) for all-ca e in-losptal
martality, the primary outcome, in models with stepwise adjos-
ments b potential confownders. In general, individusls with ma-
laria eoindedion were st greater risk of mortality in both
unadjusied and sdjirsted analyses (hally adjused model: HR 143,
95% O 121-1L69) Coinfection with FF (i = 140) was associsted
wiith an about SOL increxsed mortality (Raly adjusted modsl: HR
145, 95% O 111-185) The sk was comparable for 2 combined
infection with FF and PV (n = 121; fully adjusted model; HR 139,
95% O 0.85—2.01 ). Sale PV infection was rare (n = 9) and the Ol
aroiend the HR peoint estimate wide [fully adjused model: HR 212,
O5% O Q78-5.72) Mo interadion was found between malaria
i agmosis and residence geography (p = O8] or age(p = 058

Fig 52 depias the sundval curves sratified by malania status
andl severity. Patients with severs malarda tended o e shorter
survival than non-malaria and non-severs malada groups, (log-
rank test p - QUL Severs maladia patients, compared to in-
divichals without malsris, had an incressed adjusted risk for all-
cuse mortality (HE 151, 35% O 1.24— L84 ). The group with mon-
svere malaria compared similarly, did not haove an incresse in
mortality risk (HR LOE, 35% O 0.45-2.50), o though O are wide

Fig 3 describes the adjusted ORs estimates for explotatory
owtotme s Tndividisl § with malaria had 2 greater fisk for all-cse
in-hospital mortality {OR 212, 95% O 139—3.35) 10U sdmbsdoen
(DR 146, 95% O L02—2.09], and AKI (OR 152, 95% O LD6—218)
Thee e ed of kidney re pl scement the rapy (OR L0, 955 O10.55—1.69)
il mecha nical ventil stion suppoert (DR 136 95% O 0.90—2.05) did
mant il r between groups

Discission

Principal findings

The main fndng of our study is the incressed all-cose in-
hiespital mortality in critically-ill patients coinfected with SARS-
V-2 and malaria trested in 2 tertiary 0OVID-19 referral center
in Khartowm, Suwlan Point ectimates of HRS wens ansistent onss
diatinet malaria species. Dur exploratory anahses demonstrated
st AKT and KU admission were more comimon among oinkded
[ et Motewortivy, the median period befwesn symplom ot
and hespital admision was two days shorter in the malsris groap,
posdbly reflecting some schetal sigmatiz stion of OOVID- 19

Excluded {n=47]
Lack of malaria tasting: 45

Fig 1. Flow chary of She s lacin procss
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Findings of the present study dn light of previos puddiontions

The impact of previous exposure to malads on COVID- 19
aziociated outcomes has been previously exploned in hetenoge-
meos seftings with conflicting fndings [10] Eardy into the
pandemic, salogical studies hove suggesed tut countries wisens
malaria is endemic tended b0 report lower SARS-CoW-2 indedion
rabes s case Btality ratios |45 ). These studies gave rise toclaims
of potentis]l benefits of anti-malsrisl drugs (eg hydroy-
chloroquine) for COVID-19 treatment and prophylsis. These
claims lave mof been cormoborated by subsequent randomized
controlled trials {85) Mareover, biologia] mechanioms by which
i responss o previoss malsris exposure could be probec-
tive againgt SARS-CoV-2 infection or severity were hypothesized,
{eg. a potentisl rale of immunaogical memory against PF a5 &
medistor for kower risk of COVID-19 [7]L Findings from trans
lational research suggested crods-immunity between Flasmodium
spﬂsﬂmmv—lamcﬂy plausible mechansms, i

mapping confirmed common antigens between PF and
sms-cw.uw I} Another shudy auggedad that malaris ink dion
may lesd to improved outcomes in patients with OOVID- 19, since
SARS-Col-2 dearance was bser in coinfected heal theares wirkers
| 14] The clinical implications of these findings are wncertain and
warrant longitudinal studies of clinical outcomes among oodn-
fected mibjecs A mets-analyds of obiervationsl dats and cis
series indicated that patients previowsly exposed o malaris have
maore wvere inflimmation a5 indicated by C-reactive protein,
procalcitonin, D-Dimer, and other inflimmatory biomarkers:
however, dinial outcomes howe not been addressed |10 The
impact of coinkection on hematological and e patic outcomes was
reported in 12 patients with ook otion—yperbilindbinemis and
mild anemis were seen in four (33X) and two (17X) patients,
respectively | 10] The raes of joundice (21%) and severe snemia
[ 18%) were lower in our cohort

Srergrhs and limitations of the saidy

Dour sty has several strengths, fest and doremost the avail-
ahility of detailed health reconds and a well-organized, sydematic,
amd bt testing srategy for both COVID-19 and malaria. Alimest
WY of patients admitted io ICTC were tested for (DVID-19 and
malaria, mitigating s by indication. 1n addition, the suly pop-
wlation comprites patients from orban and reral 2rexs. Exploring
the impact of geograply was mothated by well-known trans-
portation and hesltheare socess challenges for patients mesding
owtside Khuariowm. We are nol sware of data indicating a different

profile betwesn Khartoum and other Sidanes s
dties regarding COVID-19 and malarda Our analyses have Some
limitations The obervations come fom a tertiary COVID-19
referrsl cenier and may mot be gemneralizable o other care set-
tings. The observational gudy design prevents ws from ol uding
residual confounding. Additionally, we did not @llect ouoomes
apeeci fie b0 OOWTD- 19-a4an9is ted complications, such s thrombotic
events We acknmowledge that the influene of age and other
oot bt es v malaris could be masked by the low proportion of
yiong {40 years |, non-dishetic subjects Lacthy, we ek 2 quanti-
tative meaarement of Plosmodiim parasitemia Nevertheles, o
i regs are robust and add to the scaroe literature on malaria and
COVID-19 ainfection.

Iimsplication Jor proctice or policy and fetire ressarch

Healthcare workers practicing in are as where malaria i endemic
should shwvays consider the possilsiling of ool nfection with COVID- 19
and malaria Swilt disgnosis is key, and we sugpedt 2 bow threshld
lor malaria testing in patients with OOVID-19 and reddence in o
recent travel to such anees While we adinowledge limitations of
esiingg thee WHIO mualaris severiny classification in coinfected paHents,
or data show that applying these criteria may xid risk stratifics ton
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sl prognestication. In patients with malsria it i important to
rapdly sdminister the regionally recommended st malsal
regmen As lung invelement can oocur in both inkcions, we
sugpes computed tomography imaging of the lurgs in coinlecbed
patients bo ascertsin pulmonary pathologes | 150 1 lung imobve-
ment i aeggestive of COVID-19, specific therapeutic sdwmes (eg
antivirals, monoclonal antibodies) should be considerad, wnder-
standing that some therapeutic may be inelfective agxina specific
SARS-Col-2 variants and thatie e i o consensoual evidence that a
late sdministration of monoclonal antibodies or anthirals impacts
otiteome in oot slived patie nts

Owr study challenges the notien that malada mitigates the
climical course of COVID-19. We believe that specific care pathways
for patients colndeced with 0OVID-19 and malars se warranted
Tmprtantdy, mationsl amd inte mational bodies gkl step up of-
fors to increxse SARS-CoV-1 vaccination rates in areas where
malaris 5 endemic. Future ressanch into the clinical sutcomes in
non-losp talized patle nits wi th malad 2 2nd COVID-19 mindedionis
warranted 1o complement our findings.
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8- Conclusion

The impact of previous exposure to malaria on COVID-19 associated outcomes has been
previously explored in heterogeneous settings with conflicting findings. Early into the
pandemic, ecological studies have suggested that countries where malaria is endemic tended to
report lower SARS-CoV-2 infection rates and case fatality ratios. These studies gave rise to
claims of potential benefits of anti-malarial drugs (hydroxychloroquine) for COVID-19
treatment and prophylaxis. These claims have not been corroborated by subsequent randomized
controlled trials. Moreover, biological mechanisms by which immune response to previous
malaria exposure could be protective against SARS-CoV-2 infection or severity were
hypothesized, (e.g., a potential role of immunological memory against PF as a mediator for
lower risk of COVID-19. Findings from translational research suggested cross-immunity
between Plasmodium species andSARS-CoV-2 as biologically plausible mechanisms, as
epitope mapping confirmed common antigens between PF and SARS-CoV-2. Another study
suggested that malaria infection may lead to improved outcomes in patients with COVID-
19 since SARS-CoV-2 clearance was faster in coinfected healthcare workers. The clinical
implications of these findings are uncertain and warrant longitudinal studies of clinical outcomes
among coinfected patients. A meta-analysis of observational data and case series indicated that
patients previously exposed to malaria have more severe inflammation as indicated by C-
reactive protein, procalcitonin, D-Dimer, and other inflammatory biomarkers; however, clinical
outcomes have not been addressed. The impact of coinfection on hematological and hepatic
outcomes was reported in 12 patients with coinfection and hyperbilirubinemia, and mild anemia
was observed in our (33%) and two (17%) patients, respectively. The rates of

jaundice (2.1%) and severe anemia (3.8%) were lower in our cohort.
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Healthcare workers practicing in areas where malaria is endemic should always consider the
possibility of coinfection with COVID-19 and malaria. Swift diagnosis is key, and we suggest
a low threshold for malaria testing in patients with COVID-19 and residence in or recent travel
to such areas. While we acknowledge the limitations of using the WHO malaria severity
classification in coinfected patients, our data shows that applying these criteria may aid risk
stratification and prognostication. In patients with malaria, it is important to rapidly administer
the recommended anti-malarial regimen. As lung involvement can occur in both infections, we
suggest computed tomography imaging of the lungs in coinfected patients to ascertain
pulmonary pathologies. If lung involvement is suggestive of COVID-19, specific therapeutic
schemes (e.g. antivirals, monoclonal antibodies) should be considered, understanding that some
therapeutics may be ineffective against specific SARS-CoV-2 variants and that there is no
consensual evidence that late administration of monoclonal antibodies or antivirals impacts
outcome in hospitalized patients. Our study challenges the notion that malaria mitigates the
clinical course of COVID-19. We believe that specific care pathways for patients coinfected
with COVID-19 and malaria are warranted. Importantly, national and international bodies
should step up efforts to increase both SARS-CoV-2 and malaria vaccination rates in areas
where malaria is endemic. Future research into the clinical outcomes in non-hospitalized

patients with malaria and COVID-19 infection is warranted to complement our findings.

This study was conducted during the COVID-19 pandemic, prior to the outbreak of the recent
conflict in Sudan. Although the conflict emerged after our study’s completion, it has further
disrupted healthcare systems, exacerbating and worsening pre-existing challenges such as

disease outbreaks, food insecurity, and displacement. These disruptions highlight the
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importance of understanding the burden of overlapping health crises, particularly in contexts

where healthcare systems are under strain from multiple crises, such as Sudan
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9- Final considerations

This thesis is the result of an international collaboration between Pontificia Universidade
Catolica do Parana (PUPCR), the International Society of Nephrology’s Renal Sister Center
(PUCPR, and the Sudanese Medical Association), which was active between 2014 and 2020,

and the Renal Research Institute, USA, NY.

The study was done during the COVID-19 pandemic in a critical care setting in the biggest
treatment center for critical patients who need ventilatory support and HDU/ICU admission.
Given the similarities in symptoms between malaria and COVID-19, it’s not surprising that
many patients might have been administered antimalarial medications without proper medical
consultation. Furthermore, the social stigmatization surrounding COVID-19 could have
influenced treatment decisions, leading to a higher likelihood of misdiagnosis or inappropriate
treatment. Testing all patients for malaria was a critical step, as it could clarify the impact of co-

infection and guide more effective treatment protocols.

It is difficult to distinguish accurately between malaria and COVID-19 in malaria-endemic areas like
Sudan since the two diseases share many manifestations. The distinction is important in clinical practice
and epidemiology. Furthermore, understanding the differences between malaria infection and malaria

disease is essential in malaria COVID-19 coinfection.

9.1. Malaria Infection Versus Disease

Malaria is used as a generic reference term to protozoa of the genus Plasmodium usually as part of the
compound term malaria parasites. Malaria infection is the presence of the plasmodium parasite in the
body which can or may not cause the disease, while malaria disease is the illness and clinical symptoms

caused by the parasite which can range from mild to serious, life-threatening disease. The severity
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of malaria depends mainly on the species of parasite and the person's immune status. The main
difference between malaria infection and disease is that having the parasite doesn't necessarily mean
having the disease. Additionally, in endemic areas, many people who are infected with plasmodium do
not show any symptoms (asymptomatic carriers) they develop partial immunity over time, and they can

transmit the parasite to mosquitoes, contributing to the spread of malaria to others.*

In countries with a high burden of malaria, patients with symptoms such as fever, fatigue, myalgia,
headache, and acute respiratory distress, both malaria and COVID-19 tests should always be performed.
Moreover, healthcare workers will face a great challenge in case of a syndemic due to mutual side effects
and manifestations leading to worse outcomes. On the other hand, patients with malaria infection without
malaria disease must receive antimalarial medications according to the protocol and guidelines to reduce

the potential risk of transmission.

9.2. Healthcare Disruptions from Conflict

Sudan was not prepared to manage and control the pandemic's emergence. The country's health
system was already fragile, characterized by limited infrastructure and a shortage of medical
supplies and personnel. As healthcare resources were redirected towards combating COVID-19,
efforts to control malaria faced significant setbacks, raising concerns about potential surges in
malaria cases. Understanding the interplay between these two diseases is crucial for developing
effective strategies to mitigate their impact and safeguard the health of vulnerable populations
in Sudan. This situation underscores the need for integrated approaches to disease management

and robust public health strategies that address multiple health challenges simultaneously.

Sudan faced significant challenges during the last decades and has been further strained by the
recent conflict. The ongoing military conflict resulted in extensive damage to healthcare

facilities, further limiting access to medical care and disrupting services for those in need.

38



The recent crisis led to mass internal displacement with many people fleeing to safer areas or
crossing the borders of neighboring countries which complicate access to the health care
facilities for displaced populations. Furthermore, the combination of COVID pandemic and
recent military conflict has created a compounded humanitarian crisis which increases food

insecurity, malnutrition, outbreaks of infectious diseases, and heightened health risks.

The United Nations High Commissioner for Refugees (UNHCR) is concerned for the health and
protection of Sudanese refugees across Sudan’s borders. The UNHCR highlights an increase of
malaria cases in refugee sites, triggered by the onset of the heavy rainy season and floods, in
addition alarming rates of malnutrition, measles, acute respiratory infections, acute watery
diarrhea, and the risk of outbreaks of cholera. Risks are compounded by the water, sanitation,

hygiene infrastructure, limited medical supplies, and health workers.**

The situation in Sudan remains critical, requiring urgent international attention and support to
rebuild the health system and provide essential services to the population. While there are many
international assistance, logistical challenges and exciting instability hindered effective
implementation of response efforts. Access challenges have delayed the delivery of critical

medicines and urgent supplies.
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Figure 1. Flow chart for malaria severity definition according to World Health Organization criteria.
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Figure 2. Kaplan-Meier curves and number of patients at risk for all-cause in-hospital mortality

stratified for malaria severity.
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Figure 3: Forrest plot. Adjusted odds ratios and 95% confidence intervals for the associations
between malaria and adverse clinical outcomes. Models are adjusted for age, gender and

hypertension, diabetes, and cardiovascular disorders as comorbidities.
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Table 1. Descriptive characteristics of included (N=591) and excluded (N=47) patients.

Included Excluded* p-value
N (% of total population) 591(92.6) 47 (7.4)
Demographics N (% of group)
Age (years); mean (SD) 57.99 (16.33) 56.13 (15.89) 0.45
Male 446 (75.5) 36 (76.6) 1.00
Sudanese nationality 570 (96.4) 44 (93.6) 0.56
Khartoum resident 382 (64.6) 19 (40.4) 0.002
Comorbidities
N found / N available (% of available)
Hypertension 115/510 (22.5) 28 /47 (59.6) <0.001
Diabetes 213 /590 (36.1) 12 /47 (25.5) 0.19
Renal disease 47 /591 (8.0) 0/47 (0.0) 0.09
Malignancy 31/590 (5.2) 5/47 (10.6) 0.23
HIV 77591 (1.2) 0/47(0.0) 0.98
Cardiovascular disease 98 /590 (16.6) 7/47 (14.9) 0.92
Neurological disease 42 /530 (7.9) 0/10(0.0) 0.74
Malaria status N (% of group) -
Malaria positive 321 (54.3) missing
Plasmodium falciparum 121 (20.5) missing
Plasmodium falciparum and Plasmodium 9 (1.5) missing
vivax
Plasmodium vivax 42 (7.9) missing
COVID-19 symptoms
N found / N available (% of available)
Primary COVID-19 contact 70 /372 (18.8) 2 /2 (100) 0.04
Fever 581 /591 (98.3) 47/ 47 (100.0) 0.77
Cough 438 /590 (74.1) 34 /47 (72.3) 0.91
Tiredness 588 /591 (99.5) 47 /47 (100.0) 1.0
Chest pain 404 / 591 (68.4) 30/ 47 (63.8) 0.63

*None of the patients in the excluded subset had malaria diagnosis status available.
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Table 2. World Health Organization (WHO) Definition of severe Plasmodium falciparum malaria

Manifestations Definitions

Impaired Glasgow coma score <11 in adults or Blantyre coma score <3 in children; inability to
consciousness swallow

Prostration Generalized weakness so that a person is unable to sit, stand, or walk without assistance

Multiple convulsions

More than two episodes within 24 hours

Acidosis A base deficit of >8 mEq/L, a plasma bicarbonate level of <15 mmol/L, or venous plasma
lactate >5 mmol/L. Clinical indicators of acidosis include rapid, deep, labored breathing.
Hypoglycemia Blood or plasma glucose <40 mg/dL (<2.2 mmol/L) for children >5 years and adults; blood

or plasma glucose <54 mg/dL (<3 mmol/L) for children <5 years.

Severe anemia

Hemoglobin concentration <5 g/dL or hematocrit <15 percent in children <12 years of age
(<7 g/dL and <20 percent, respectively, in adults) with parasite count >0.25

percent parasitemia

Renal impairment

Plasma or serum creatinine >3 mg/dL (265 mmol/L) or blood urea >20 mmol/L

Jaundice

Plasma or serum bilirubin >50 mmol/L (3 mg/dL) with Plasmodium falciparum parasite
count >2.5 percent parasitemia or Plasmodium knowlesi parasite count >0.5 percent

parasitemia

Pulmonary edema

Radiographically confirmed or oxygen saturation <92 percent on room air with

respiratory rate >30/minutes, often with chest indrawing and crepitation on auscultation

Significant bleeding

Including recurrent or prolonged bleeding (from the nose, gums, or venipuncture sites),

hematemesis, or melena

Shock

Compensated shock is defined as capillary refill >3 seconds or temperature gradient on leg
(mid to proximal limb), but no hypotension. Decompensated shock is defined as systolic
blood pressure <70 mmHg in children or <80 mmHg in adults, with evidence of impaired

perfusion (cool peripheries or prolonged capillary refill).

Hyperparasitemia

Plasmodium falciparum parasitemia >10 percent

Severe malaria is defined as one or more of the above occurring in the absence of an identified

alternative cause and in the presence of Plasmodium falciparum or Plasmodium knowlesi

parasitemia.
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Table 3. Population descriptive statistics stratified by region of residence.

Non-Khartoum Khartoum p-value
N (% of total population) 209 (35.4) 382 (64.6)
Demographics N (% of group)
Age (years; mean (SD)) 59.45 (14.76) 57.19 (17.09) 0.11
Male 158 (75.6) 288 (75.4) 1.0
Sudanese nationality 202 (96.7) 368 (96.3) 1.0
Comorbidities
N found / N available (% of available)
Hypertension 59 /181 (32.6) 56 /326 (17.1) <0.001
Diabetes 79 /209 (37.8) 134 /381 (35.2) 0.59
Renal disease 13/209 (6.2) 34 /382 (8.9) 0.32
Malignancy 11/209 (5.3) 20/381 (5.2) 1.0
HIV 1/209 (0.5) 6 /382 (1.6) 0.43
Cardiovascular disease 41/209 (19.6) 57 /382 (14.9) 0.26
Neurological Disease 15/169 (8.8) 27/361 (7.4) 0.70
Malaria status N (% of group) 0.001
Malaria positive 95 (45.5) 226 (59.2)
Plasmodium falciparum 53 (25.4) 87 (22.8)
Plasmodium falciparum and plasmodium vivax | 59 (28.2) 62 (16.2)
Plasmodium vivax 2 (1.0) 7 (1.8)
COVID-19 symptoms
N found / N available (% of available)
Primary COVID-19 contact 12 /82 (14.6) 58 /290 (20.0) 0.34
Fever 203/209 (97.1) 378 /382 (99.0) 0.19
Cough 159/208 (76.1) 279/381 (73.2) 0.32
Tiredness 207 /209 (99.0) 381/ 381 (99.7) 0.60
Chest pain 137 /209 (65.6) 267/382 (69.9) 0.32
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Table 4. Hazard ratios for all-cause in-hospital mortality at different levels of adjustment.

Model 1: unadjusted.

Model 2: adjusted for age and gender.

Model 3: Model 2 plus hypertension, diabetes, and cardiovascular diseases.

N (%)" Hazard Ratios (95% CI)
Model 1 Model 2 Model 3™
Malaria Status 270 (46%) 1.74 (1.45-2.08) 1.75 (1.46-2.11) 1.43 (1.21 - 1.69)
Malaria species
Plasmodium falciparum 140 (52%) 1.71 (1.39 - 2.09) 1.73 (1.36 - 2.19) 1.45(1.14 - 1.85)
Plasmodium vivax 9 (3.0%) 2.03 (0.86 - 4.81) 1.95 (0.84 - 4.51) 2.12 (0.78 - 5.72)

Plasmodium falciparum and

Plasmodium vivax

121 (45%)

1.76 (1.24 - 2.50)

1.77 (1.27 - 2.47)

1.39 (0.95- 2.01)

* For malaria species, the denominator is 270 (number of malaria-positive cases), whereas for

malaria status it is the whole population (591).

*There were 23 missing data points (8.5%) for hypertension status among subjects with malaria

and 58 (18%) among non-malaria subjects. One patient in the non-malaria group (0.3%) had

missing diabetes information.
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Table 5. COVID-19 symptoms

N found / N available (% of available)

Primary COVID-19 contact identified” 32/230 (13.9) 38/142 (26.8)
Fever 315/321 (98.1) 266 /270 (98.5)
Cough 222 /321 (69.2) 216/ 270 (80.0)
Tiredness 318/321 (99.1) 270 /270 (100.0)
Chest pain 222/ 321 (69.2) 182 /270 (67.4)

53




Table 6. Descriptive of World Health Organization criteria for severe malaria among malaria-positive
cases in the sample at presentation in the hospital

N found / N available (% of available) Overall, N=240
Impaired consciousness 81 /240 (33.8)
Prostration 138 /238 (58)
Multiple convulsions 4/2351.7)
Acidosis 143 / 235 (60.9)
Hypoglycemia 170 /236 (72.0)
Severe anemia 9/239 (3.8)
Renal impairment 140/ 236 (59.3)
Jaundice 57238 (2.1)
Pulmonary edema 35/240 (14.6)
Significant bleeding 12 /237 (5.0)
Shock 85/240 (35.4)
Hyperparasitemia 163 /202 (80.7)
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Table 7. Population descriptive statistics stratified by malaria severity.

Non-severe Severe p-value

N (% of total population) 23* 240
Demographics N (% of group)
Age (years; mean (SD)) 57.52 (12.8) 57.25 (15.3) 0.90
Male sex 18 (78.3) 190 (79.2) 1.00
Sudanese nationality 21 (91.3) 233 (97.1) 0.39
Comorbidities
N found / N available (% of available)
Hypertension 0/21(0.0) 54 /220 (24.5) 0.02
Diabetes 5/23 (21.7) 105 /240 (43.8) 0.07
Renal disease 1/23 4.3) 20 /240 (8.3) 0.79
Malignancy 0/23 (0.0) 87240 (3.3) 0.80
HIV 0/23(0.0) 0/240 (0.0) -
Cardiovascular disease 0/23 (0.0) 41/240 (17.1) 0.06
Neurological disease 3/23(13.0) 20/223 (8.9) 0.79
Malaria status N (% of group)
Malaria species <0.001

Plasmodium falciparum 521.7) 131 (54.6)

Plasmodium falciparum and Plasmodium vivax 9(39.1) 109 (45.4)

Plasmodium vivax 9 (39.1) 0 (0.0)
COVID-19 symptoms
N found / N available (% of available)
Primary COVID-19 contact 2/13 (15.3) 34/126 (26.9) 0.60
Fever 22 /23 (95.7) 238/240 (99.2) 0.62
Cough 18/23 (78.3) 191/239 (79.6) 0.94
Tiredness 23/23 (100.0) 240 /240 (100.0) NA
Chest pain 16 /23 (69.6) 161 /240 (67.1) 0.99
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12.2.2. ISN-Mentorship program from November 2021 to August 2023.

724, oolE PM Introduction - ESN Mantorsnip Program - Rasha Hussein - Ousook

Introduction - ISN Mentorship Program

Pauline Vanhonsebrouck <pvanhonsebrouck@Theisn.org>
Tue F1,/9/2021 842 AM
TodPeter Eotanko <Peter. Kotanko@RRINY.O0M = Rasha Huzsein <rasha8_S@hotmailoom»

B 1 sttechments (367 KB}
Kentorship Program Guidelines 2021 _pdf;

Dear Dr. Peter Kotanko and Dr Rasha Hussein,

On behalf of Dr. Arpana Iyengar, the Chair of the Memtorship Program Advisory Group, | am pleased to confirm to
you both that you hawve been matched and can now consider yourselves to be an 1SN Mentor-Mentee pair as of
today: Movemnmber 9, 2021

As a matter of introduction:

The mentor is: Dr. Peter Eotanko based in Mew York, LESA who works at the Renal Research Institute.
[peterkotankod@ rrim. com)

The mentes is: Dr. Rasha Hussein based in Khartoumn, Sudan who works at Soba University Hospital.
rashad S@hotmail com)

As a first tangible step in your working relationship, and to ensure that contact is established, we ask the mentes
to email the mentor in order to organize a get-to-know-you session to introduce yourselves and to agree on the
basic rules of cooperation (frequency of the interaction and choice of the communication platform like Zoom or
Skoype, etc ). Another key element is to establish mutually agreed upon objectives during this session, the mentes
will need to clearty formulate their objectives and disocuss those with the meantor. Finally, it will b2 important to set
up a duration for the mentoring based on your objectives and agree on a tmefine that works for both of you.

upon cbjectives and timeline?

Please note that you will also be acked to fill out a brief (online] Progress Report form every & months. The
mentas will receive an invitation to prepare it, after which the mentor will b2 invited to access the report for final
Bgreament.

| hawe attached the Mentorship Program Guidelines and | particulariy encourage you to read our “Tips on
establishing a good relationship between mentor and mentee”™ on page 5 and 6.

Please don't hesitate to contact mentorship&theisn org showld you ewver have any guestions or comments during
the course of your involvernment in this program.

Congratulations, we wish you a lot of success!
Best regards,

Pauline

Pauline Vanhonsebrouck

Gramts & Education Project Manager
pranhonsebrouck@theizn.org

Intermational Society of Mephrology [I5M)

aboutiHank
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ISN Mentorship Program

isory Group declares that:

The ISN ship Program Ad

Dr. Rasha Hussein

Mentored by Dr. Peter Kotanko, has successfully completed the 1SN Mentorship Program from November 2021 to August
2023

e

i (

Rolando Claure-Del Granado

Arpana lyengar _
Lead, Mentorship Program Co-Lead, Mentorship Program
Advisory Group Advisory Group
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12.2.3. ISN-Emerging Leader Program, cohort3:

a4, 228 PM Mall - Rasha Hussein - Qullook

Your application to the ISM Emerging Leaders Program

Sophie Dupuis <sdupuis@theisnorgs
Maon 12/11/2023 451 AM

Torashal_S@hotmail.com < rashal_ 9@hotmail.com=
CcThe BN - ELP <elp@Thetsn omg >

B 1 att=chments (704 KB}
DOir. Hussein_pdf

Dear Dr Hussein

You will find here attached a letter from Prof Vivelanand Jha, chair of the 15N ELP Steering Committee.
Many congratulations on a very strong and successful application!

Please read carefully the letter. We kindly ask you to confirm your acceptance in the ELP cohort by the end of the
week by responding to elp@theisn.org?

If you accept, we would need to receive a picture of you as well as brief bio {as outlined in the attached letter] no
later than the end of the week too.

Last but not least, thanks for keeping this news confidential for now.
Locking forward to hearing from you.

All the best,

Sophie

Sophie Dupuis
Grants & Education Director

Intemnational Society of Nephrology [I5N)

Global Dparations Center

Avenue des Arts 1-2 | B-1210 Brussels | Belgium
Tel: +32 7 808 04 20 | Fax: 432 2 BOE 44 54

Join our upcoming events:

L5 World Congrags of Nephrology: Buenos Aires {Argenting) |Apr 13-15, 2024

L5 — Advancing kidney health worldwide. Together

Fottow us on Sgcebopk, Linkegin, Twither, fnsiagram ond YouTubie | tearn more on gogdemy. theisn.grg
l;;'signaftum_lﬁ?El'BBHH
l' A close 3 53

o5 0g 1en Description

frtips:ifouSook Dve commall A CMEADAWATIZM YAZ COIM|FILAVRIMZEMDACLTAWCOA LAAADYI 103 IFEQIdLAVNIODSquic2BCREAHaEDWWDEeW. .. 11

63



B December 2023

Dr. Hussein

Soba University Hospital
Budam
rasha9_S4Ehotrmail.com

Subject: ISN Emerging Leaders Program — Results of 2023 Application Rownd

Drear Dr. Hussein:

I am pleasaed to inform youw that your applicaticon to the [ISMN's Emerging Leaders
Program {ELP) has been accepted by the ISM ELP Steering Committee. On behalf of
the ISN and the ELP Steering Committes, congratulations.

Wre look forward o youw joiming IEM's third ELP Cohort and emmbark on a collaborative
approach to impact the kidey health agenda worldwide and play a leadership rok=
in advamncing sustainable, sccessibie and eguitable kidney care_

This program will last for two years, starting st WM 24 until WCMN'2E6, and will
mostly take place virtually. Some of the activities in which youw willl actively and
regularkfy participate over these two years include:

- Participation in a kick-off session at WCHN'24 (April 1316, 2024 in
Buenos Aires)

- Drganizing some table falks and spotiight sessions at upcoming
WCRNZ2S and WON'26

- Affliation as Guest with ISHN Working Group=s and Regional Boards

- Monthiy web calls

- Wi ebinar sernes on leadership

- Individual leadership profiles — Insights

- Harvard Catalyst course on Implementation Researnch (Fall 2024)

- Creation of an individual creative output (blogfvideolfother
graphicicase stedy) followed by discussion withh mentors

- Main colaborative project{s) on a kidney-related issue

- Creative group work o address today's challenges

- Capstone event at WCN"26 at which final presentations are made

Since individual commitments and schedubss may hawve chamnged simce you appled,
pleasze carefully consider your schedules and projects im the nest two years to
ensure your availability for regular and active participation ir this program.

Plea=ze confirmm your acceptance into the ISM ELP by responding to Sophis Dupuis
{elp@theisn.org) by 15 Decernber, 2033

WWe also reqguest you to zend with your acceptamnce:
- a high resoluticn (S00>x500 px or maore) image, preferably a full
headshot

- &, S0-T5 word bio incledineg a line about your expectations from this
collaborative program
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12.2.4. Certificate For publishing open science with Elsevier and the role of this research

in helping solve the world’s greatest challenges

Boive the workd's oF (= - Hussein - Ouook

T2, ST P Wour open Is hedping

Wowr open access reseanch is helping sodwe the world's greatest challenges
Bt email ier.coms

Tiaw FEALIOCE WIZT AR
mehat

[ IR T —

s _cmraluin
TP ot mrm L Bk hemrm
Dear Rasha H. Herssean,
WWe would fike to the cor ion you hawe made io open science and the rode your re h plays in hedipa sodwe the wa
At El i e heed that open — has the p o e setal paoygr and fhe Uinrbed (LIM) S
Bebtween 2@0—2022, you ed 1 open i wwith e, Wour i was inked fo the UN SDGEs, helping to tackle =

A Impact of COWVID- 19 and matana colnfecion an Cinical oulsomes: & nelinespective cobort Sty

abe, we hawe d a d cer o mark your schiesements which you can share with your colleag

T help you

Tyl [iwstter comdintentiwest?
text=1%2Thmast 2 irecognized 96 20by 320 %40 Els e vierConnesct 35 0as 5% 20a T 2 Hop e 20 23 Dpendcoes s W oo mbrbetor 2 196

your achievemsents on X with pest one click!?
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L
P
FISEVTER

Congratulations

Rasha H. Hussein

For publishing open access with Elsevier
between 2020-2022!

1 of your articles was linked to the United
Nations Sustainable Development Goals,

helping to tackle some of the world's greatest
challenges.
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12.2.5. Citations (40 citations from day March 31, 2022 — September 30, 2024):

a4, 10221 AM Hussain: Impact of COVID-19 and malana coinfecion. . - Googe Scholar

Impact of COVID-19 and malaria coinfection on clinical outcomes: a retrospective cohort
study

Search within citing articles

Risk factors of severe COVID-19: a review of host, viral and environmental factors
L Zsichla, V Miller - Vineses, 2023 - mdpi com

The dinical course and cutcome of COVID-10 are highly variable, ranging from

asymptomatic infectons to severe disease and death. Understanding the risk factors of __.

o Save U0 Cite Citedby80 Relatedaricles Al 10versions  Import into BibTeX D&

Protozoan co-infections and parasite influence on the efficacy of vaccines against bacterial
and viral pathogens

L Aknolo, SC Rocha, M Parveen - Frontiers in Microbiology, 2022 - frontiersin org

Awade range of protozoan pathogens either fransmitted by vectors (Plasmodium, Babesia,
Leishmania and Trypanosoma), by contaminated foed or water (Entamoeba and Giardia), or ...

W Save U0 Cile Ciedby20 Relatedaricles Al Dversions Importinto BibTeX &6

Global Stability of a reaction—diffusion malaria/COVID-19 coinfection dynamics model
AM Elaiw, AD Al Agha - Mathematies, 2022 - mdpi. com

Sewene acute respiratony syndrome coronavius 2 (SARS-Co\V-Z) is a mew vinus which mfects

fhe respratory system and causes the coronawinus disease 2010 (COVID-18). The ...

W Save U0 Cite Ciedby13 Related aricles AR Sversions  Importinto BibTeX 86

Co-infection of COVID-19 and parasitic diseases: A systematic review
FN Zargaran, M Rostamian, 5 Kooti, H Madanchi .. - Parasite Epidemiology ... 2023 - Elsevier
Co-infection of COVID-10 with other diseases increases the challenges related to its
reatment management COVID-18 co-infection with parasites is studied with low frequency ..
Wr Save U0 Cite CitedbyQ Related arficles AN 8 versions  Import into BibTeX

Global dynamics of SARS-CoV-2/malaria model with antibody immune response.
ADA Agha, AM Blany - Mathematical Biosciences and Engineering ..., 2022 - europepme.ong

Coronavirnus disease 2018 (COVID-19) is a new viral disease caused by severe acute

respiratory syndrome coronavirus 2 {SARS-CoV-2). Malans is a parasitic disease caused by ...

W Save U0 Cite Ciedbyi4 Related aricles A4 versions Importinto BibTeX &6

Survival analysis of patients with COVID-19 admitted at six hospitals in Uganda in 2021: a
cohort study

A Muyinda, PM Ingabire, 5 Makireka. .. - Archives of Public ... 2002 - Springer

Background Assessing factors associated with mortality among COVID-10 patients could

guide in developing context relevant intervenions to mikigate the risk. The study aimed to ...

# Save U7 Cite Ciedby4 Relatedarficles AN 14 versions  Import into BibTeX

SARS-CoV-2 decreases malana severity in co-infected rodent models
A Fraga, AF Mosca, D Moita, JP Simas. .. - Fronbers in Cellular ., 2023 - frontiersin.omg
Coronavirnus disease 2019 (COVID-12) and malaria. caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and Plasmodium parasites, respectively, share ...

# Save B9 Cite Related arficles Al 11 versions Import into BibTeX &8

Recent malaria does not substantialty impact COVID-19 antibody response or rates of
symptomatic illness in communities with high malaria and COVID-19 __.

J Woodford, | Sagara, H Diawara, MH Assadou. .. - Frontiers in ..., 2022 - frontersin.ong

Malaria has been hypothesized as a factor that may have reduced the severity of the COVID-

19 pandemic in sub-Saharan Africa. To evaluate the effect of recent malaria on COVID-18 ..

# Save U0 Cte Citedby5 RelatedarSicles ANGversions Importinto BibTeX &6

hitps:itscholan googie comyschoiar "ol =hibsBhi=en&cles=252365 16706305822
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a4, 10221 AM Hussain: Impact of COVID-19 and malana coinfecion. . - Googe Scholar

Increased 30-day all-cause mortality associated with Gram-negative bloodstream
infections in England during the COVID-19 pandemic

T Hasan, MJ Zhu, C Pearson, P &yfin, A Holmes. .. - Journal of Infection, 2024 - Elsevier

Background Our aim was to assess the impact of COVID-19 pandemic on morality in

patients hospitalised with Gram-negabve bioodstream infections (GMBSIs). Methods A .

# Save U0 Cite Related aricles AN 3versions  Import into BibTeX

COVID-18 and malana co-infection: a systematic review of clinical outcomes in endemic
areas

AH Mohamed, E Eltyeb, B Said, R Eltayeb, A Algaissi... - PeerJ, 2024 - peerj.com

Background COVID-19 and malaria cause significant morbidity and mortaity globally. Go-

infiection of these diseases can worsen ther impact on public health This review aims to ...

¥ Sawe 00 Cite Related arSicles AN 8versions  |mporetinto BbTeX  ID

Incidence of Helminthic and Viral Coinfections in Malaria Patients in the Tertiary Care
Hospital Setup

MA Mubaraki, M Hussain, F Fozia. . - Journal of Tropical .., 2024 - Wakey Online Library

Introduction. This study determines the incidence of commeon viral and helminth coinfections

with malaria in the tertiary care hospital set up in southem Khyber Pakhiunkhwa, Pakistan ...

o Save 00 Cite Related aricles AN 8versions  Import into BibTeX

Identification and management of co-infections in people with malaria
AJ Cunnington, A Abbara, FK. Bawa, | Achan - bmj, 2024 - bmj.com

A 18 year okd Uigandan girl & browght to the emergency depastrment with a three day history
of fever, headache, cough, and myalgia. She has had several episodes of malaria in the ..
W Save 00 Cite Relaled arficles A B wersions  Import into BiTeX

Curcumin-loaded nanomedicines as therapeutic strategy in malana managemeant
R Amin, C Medody Desi, D Sarkar, J Shasifi-Rad. .. -eFood, 2023 - Wiey Onfine Library

Makaria, a parasitic protozoan disease widespread i fropical climates, is fransmitted by

Plasmodium spp. Many pecple are affected by this significant public health disease, which ..

v Save 0D Cite Ciedby? Relatedaricles Al 3versions  |mport into BibTeX

Bicgenically synthesized green silver nanoparticles exhibit antimalarial activity
5 Trewan, R Kumar, 5 Dew, P Sharma, NR Chaudhary. . - Discover Mano, 2024 - Spnnger

The suboptimal eficacies of existing anti-malarial drugs attibuted o the emergence of drug

resistance dampen the clinical outcomes. Hence, there is a need for developing novel drug ...

P Save U Cite Related arficles AN 3versions  Import into BibTeX

Circulation of SARS-CoV-2 and co-infection with Plasmodium falciparum in Equatorial
Guinea

D LipezFarfan, P Neoge, C Oki, M Riloha, ¥ Ondo. .. - medRaxiy, 2023 - medniv.org

The impact of COVID-12 in Africa has been a big concem since the beginning of the

pandemic. However, low incdence of COVID-19 case severnity and mortality has been ...

W Save U0 Cite Related arScles Al Sversions  Import into BbTeX 6

Challenges Based on Antiplasmodial and Antiviral Activities of 7-Chioro-4-aminoguinoiing
Derivatives

5 Mizuta, F Mosaddeque, MMN Tun_.. - ... 2023 - Wiley Oniine Library

We report the structural functionalization of the terminal amino group of N1-(7-

chioroguinolin-4-yl) butane-1, 4-diamine, leading to a series of 7-chioro-4-aminoquinoline ...

# Sawe U0 Cite Ciedby1 Related arficles AN 8 versions  Import into BibTeX,

hitps:itscholan google comyschoiar "ol =hibsBhi=en&cles~252365 167063058522
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A4, 10221 AM Hussain: Impact of COVID-19 and malana coinfecion. . - Googe Scholar

Malania and COVID-19 prevalence in a population of febrile children and adolescents
living in Libreville

BCM Ditombi, BF Ngondza, CM Boulingui. .. - _. African Joumnal of ..., 2022 - nchinim.nih.gov

Background Patients with acute febrile @iness need to be screenad for malaria and

coronavirus disease 2018 (COVID-12) in malana-endemic areas to reduce malaria mortality ...

# Save U0 Cite Ciedby8 Related arficles AN 8versions  |mport into BibTaX

Co-dynamics model of the spread of malaria and COVID-19 with numerical solufions using
the third-orderand the fourth-order Runge-Kutta methods

Fl Rosan, 5 Mungkasi - AIP Conference Proceedings, 2024 - pubs aip.omg

We describe an existing co-dynamics model of the spresd of malaria and COVID-18.

Mathematical model can be used to find strategies to control the spread of malaria and ...

W Sawe B0 Cite Related aricles AN 2 versions  Import into BibTeX

Exploning the Potential Relationship between Malaria Immunity and COVID-19 Protection
TF Raham, HS Hamad... - Asian Jowmal of Research ..., 2024 - asian godsendng.com

Although coronavinus disease 2012 (COVID-18) has led to significant morbidity and mortality

woridwide, coundries in the equatonial and ropical zones seem to have the lowest figures in ...

# Save 99 Cite Related arficles AN 3versions  Import into BoTeX  ©0

Coronavirus disease 2015 and malaria coinfection in a middle-aged Ethiopian woman
presenting with acute febrile iliness and bilateral pleural effusion: a case report

G Solela, AAschenck, M Dawit. .. - Joumnal of Medical Case _._, 3173 - Springer

Introduction There could be misdiagnosis of coronavines disease 2018 for malaria and wice

versa because of ther similar presentations, particulardy when clinicians rely mainly on ...

o Save 00 Cite Helaled aficles AN 12 versions  Import into BibTaX

hitps:itscholan google comyschoiar "ol =hibsBhi=en&cles~252365 167063058522
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a4, 10224 AM Hussain: Impact of COVID-19 and malana coinfecion. . - Googe Scholar

Impact of COVID-19 and malaria coinfection on clinical outcomes: a retrospective cohort
study

Search within citing articles

Discover Nano

5 Tewari, R Kumar, 5 Desi, P Shama, MR Chanschary. .. - 2024 - reseanchgate net

The suboptimal eficacies of existing anti-malarial dnugs attributed io the emergence of drug
resistance dampen the clinical outcomes. Hence, there is a need for developing novel drug ...
¥ Save U0 Cite Related arficles AN 2 versions  Import into BibTex 00

A pitfall of cognitive bias during the pandemic: Two cases of Plasmodium falciparum
malaria coinfected or misdiagnosed with COVID-15

H Mo, R Hase, H Ueda, N Tsuyama, M Fujii.... - Joumal of Infection and ___, 2023 - Elsevier

We report two the cases of patients with imported Piasmodium falcipansm malaria during the

COVID-18 pandemic. One was coinfected with COVID-18 and the other was misdiagnosed ..

Wr Save U0 Cile Related aricles AN 8 versions  Import into BbTeX

Splenic Infarction Secondary to COVID-19 and Malaria Co-infection: A Case Report
T Karakdk - Iranian Joumal of Parassiology, 2023 - nchi_nimonih.gow

Spienic infarcon is a rare complication of both malaria and COVID-12. We report a splenic
infarction case due o COVID-12 and malana co-infection. A 35-year-old male with no known .

Wr Save U0 Cite Related aricles AN 11 versions  Import into BibTeX.

Malania and COVID-19 coinfection in a non-malana-endemic area in Brazil
VD Rocha. LW Brasil, EQ Gomes, R Khowri. .. - Revista da Sociedade -, 2023 - SeiELO Brasil
Differential diagnosis of corenavirus disease 2010 (COVID-18) from other febrile diseases is

one of several challenges imposed by the pandemic. We present a case of severe matana .

W Save U0 Cite Related articles AN 14 versions  Importinto BibTeX 0

Falciparum malaria is associated with risk markers of type 2 diabetes mellitus in
individuals with or without COVID-19 exposure

R Adatsi, F Pappoe, AS Bockarie. .. - Affican Journal of ..., 2024 - gjol info

Background: Scientific information on e impact of mataria on the risk of developing type 2

diabetes mallitus [T20M) after recovery from the cononavines disease 2019 (COVID-18) s ..

# Save U0 Cite Related aricles  AN4versions  Importinto BbTeX &6

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Coinfection with
Malana in Selected States in Nigeria

00 Aina, 05 Amoo, KA Osudlale, AK Qjoghede. .. - Advances in infectious ..., 2024 - scirporg

Sewere acute respiratony syndrome coronavinus 2 (SARS-Co\-2) and Plasmodiem speces

are the causative agenis of coronavinues disease 2018 {COVID-18) and malana respectively ..

¥ Sawe U0 Cite Related arficles  Import into BibTeX B¢

The Impact of Short Message Service on Intestinal Coccidian Infection Treatment in Adult
Malaria Patients in the Funding Health District, Northwest Region ...

AP Formbsui, MA Longdoh, BP Thamamo.. . - J Medi Re Heal Sai ., 2024 - crmgpublishers. com

Malaria pabients are on an increased risk of developing opportunistic intestinal cocoidian co-

infections, making efectve diagnosis and treatment of the utmost importance in cinical ..

o Save 00 Cile Related aricles  Import into BibTeX,  §5

hitps:ischolar google. comischolar Psiart=20ah-en&as_sdi=5,3 1&sciom=0,31&0Hes=252 365 167 D5 M55 228601 pEC-
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A4, 10224 AM Hussain: Impact of COVID-19 and malana coinfecion. . - Googe Scholar

Isoiation and characterization of SARS-CoV-2 in Kenya

A Makio, RM Irelowa, MM Munyao, CW MNioroge. ... - bioRxv, 20022 - beorxiv.org

Abstract The emergence of Severe Acute Respiratory Syndrome-Coronavines-2 (SARS-Col-
2} from Wuhan, China, in December 2019 raised a global health concem that eventually _.
W Save U Cite Ciedbyl Relatedaricles AN 8versions |mportinto BibTeX 58

Profiles. of host immune impairment in Plasmodium and SARS-CoV-2 infections
R Chaturvedi, M Mohan, S Kumar, A Chandele. . - Heliyon, 2022 - cell.com

Cheer the past two decades. many couninies hawve reported 3 steady decline in reported

cases of malana, and a few countries, lke China, have been declared malaria-free by the ..

W Save U0 Cite Ciedby3 Related arficles AN Owversions  |mport into BibTaX

Prevalence of Coinfection Malaria-Covid-19 at the Intemational Hospital Center of
Kinshasa during the 3rd Wave of the Pandemic

AMM Mayala, DN Diama, AAM Diama, JPL Fina... - Advances in Infectious __., 2023 - scirp.org

Background: Since 2019, Covid-12 pandemic has aficted the world and countries of Africa.

Despite the limited resources, these counimes already disturbed by multiple diseases that ..

# Save UU Cite Related arfcles AN4versions  Import into BlbTeX &0

Malaria and COVID-19 prevalence in a population of febrile children and adolescents
living in Libreville

BC Moutombi, BF Ngondza, C Manomba, OA Mbang. .. - Children, 2022 - scienceopen com

Background: Paients with acute febrile illness need to be soreened fior malaria and

coronavirus disease 2010 (COVID-12) in malana-endemic areas to reduce malaria mortality ...

¥ Save 99 Cite Relabed arficles AN 3versions  Import into BibTeX 50

Prevalence of Malaria and COVID-19 Coinfection: A Systematic Review and Meta-
Analysis

DA Ledn-Figuensa, JJ Barboza, E Aguime-Miachay. .. - 2023 - researchsquare com

Background COVID-19, cawsed by the severe acute respiratory syndrome coronavines-2

(SARS-CoV-2), has significantly impacted public health wordwide. However, the outcomes ...

W Sawe 0O0 Cite Related aricles AN Jversions  |Importinto BbTeX  §0

Plasmodium vivax and SARS-CoV-2 co-infection in Venezuelan pregnant women: a case
seres

FS Camon-Nessi, DL Mendoza-Millan. .. - Malaria Journal, 2023 - Springer

Background Malaria-endemic areas are not spaned from the mpact of coronavenus disease

2019 {COVID-10), leading to co-infecton scenanios where overiapping symptoms mpose ..

W Save U0 Cite Cited by 3 Related arficles AN 18 versions  Import into BibTeX

COVID-18 Coinfection with Malaria and Its Presentation with Bilateral Pleural Effusion: A
Case Report and Literature Review

G Scéela, AAschenek, M Dawit, G Wondafrash - 2023 - researchsguare.com

Background There could be misdiagnosis of COWVID 18 for malaria and vice versa because

of their similar presentation, parbiculary when cinician refies mainly on sympioms ..

# Save UU Cite Relaled aricles AN 2 versions  Import into BbTeX &0

Malania and COVID-19 prevalence in a population of febrle children and adolescents
living in Libreville

M MBondoukwe, R Moutongo.... - . African Joumnal of ..., 2022 - suropepme. ong

Background Patients with acute febrile #iness need to be screensed for malaria and

cormonavirus disease 2018 (COVID-19) in malara-endemic areas to reduce malaria mortafity ..

W Save U9 Cite Related arficles  Import info BibTeX, 26

hitps:ischolar google. comischolar Psiart=20ah-en&as_sdi=5,3 1&sciom=0,31&0Hes=252 365 167 D5 M55 228601 pEC-
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4924, 10224 AM Hussein: Impact of COVID-19 and maana colnfeciion _ - Googe Schlar
Global dynamics of SARS-CoV-2imalaria model with antibody immune
AD Al Agha, AM Elamw - amspress.com
Coronavirus disease 2018 (COVID-18) is a new viral disease caused by severe acute
respiratory syndrome cononavirus 2 {SARS-CoV-2). Malana is a parasitic disease caused by ...
W Save U0 Cite Related arficles AN 3versions  Import into BRTeX 56

Malaria and COVID-19 coinfection in a non-malaria-endemic area in Brazil

V de Franga Rocha, L Brasil, E de Oliveira Gomes. .. - enshmtorg.br

Differential diagnosic of coronavirus disezse 2019 (COVID-12) from other febrile discases is

one of several challenges mposed by the pandemic. We present a case of severe malana ...

W Save U0 Cite Related arficles  Import into BibTeX.  £$

Cenario epidemiolégico da malaria relacionado 3 COVID-19: uma revisao literana
PRCM Peruche, IN Megiani, VJ Manfio.... - Joumal of Medical _., 2024 - jounalmibe.com. br
Introdugo: A malaria, causada por um Flasmodiem e ransmitida pelo mosquito Anopheles,

& um problema de satde publica mundial, sendo que a sua incidéncia em paises tropicais ...

Wr Save U0 Cite Relsted arficles  import into BibTeX,  §9

hitps:ischolar google. comischolar Psiart=20ah-en&as_sdi=5,3 1&sciom=0,31&0Hes=252 365 167 D5 M55 228601 pEC-
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