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Abstract: Dengue is a re-emerging neglected disease of major public health importance. This review
highlights important considerations for dengue disease in Africa, including epidemiology and
underestimation of disease burden in African countries, issues with malaria misdiagnosis and co-
infections, and potential evidence of genetic protection from severe dengue disease in populations
of African descent. The findings indicate that dengue virus prevalence in African countries and
populations may be more widespread than reported data suggests, and that the Aedes mosquito
vectors appear to be increasing in dissemination and number. Changes in climate, population, and
plastic pollution are expected to worsen the dengue situation in Africa. Dengue misdiagnosis is also a
problem in Africa, especially due to the typical non-specific clinical presentation of dengue leading to
misdiagnosis as malaria. Finally, research suggests that a protective genetic component against severe

heck f dengue exists in African descent populations, but further studies should be conducted to strengthen
check for
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this association in various populations, taking into consideration socioeconomic factors that may
contribute to these findings. The main takeaway is that Africa should not be overlooked when it
comes to dengue, and more attention and resources should be devoted to this disease in Africa.
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Jonas Schmidt-Chanasit and 1. Introduction
Hanna Jost Dengue is a re-emerging and neglected infectious disease of great public health impor-
tance [1]. The United States Center for Disease Control and Prevention (CDC) estimates that
forty percent of the globe’s inhabitants live in areas where dengue acquisition is a risk, and
up to 400 million people are infected with dengue virus (DENV) every year, 50-100 million
people get sick, and 20,000 people die from severe dengue [2,3]. Dengue cases in Africa
have been documented since as early as 1779, but there has been fragmented reporting
of the epidemiology of this disease and a lack of a comprehensive review concerning the
various considerations relevant to this underreported and overlooked problem on the
African continent [4]. In Africa specifically, estimates from 2010 suggest that there were
15.7 million apparent DENV infections (any disease severity level), and 48.4 million inap-
parent infections during the year [5]. Modeling further suggests that the burden of dengue
in Africa and the Americas is roughly equivalent, despite the Americas historically receiv-
ing significantly more attention when it comes to dengue burden compared to Africa [5].
Dengue also exists in sylvatic cycles in African forests between mosquitoes and non-human
primates, and while spillover can occur, it is not considered to be common [6]. Besides
humans in Africa, DENV has been observed to infect nonhuman primates (particularly
Attribution (CC BY) license (https:// ~ monkeys), domestic mammals, birds, and even a buffalo [6].
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arboviral disease, and the virus is spread predominantly by two mosquito vectors, Aedes
aegypti and Aedes albopictus [9]. Acquiring any one of these serotypes will typically confer
lifelong immunity to disease caused by that serotype, but not necessarily protection against
the other serotypes, so individuals may be affected up to four times over their lifetime [10].
DENYV has the potential to cause a range of disease symptoms, from asymptomatic infection
(50-75% of infections), to mild, to severe, and even deadly manifestations. Dengue disease
has traditionally been categorized (according to the 1997 WHO guidelines) as undiffer-
entiated febrile illness (a mild form with fever), dengue fever (incapacitating, but death
is unlikely), dengue hemorrhagic fever (DHF; involving plasma leakage and low platelet
count, or thrombocytopenia), and dengue shock syndrome (DSS; DHF where the leakage
of plasma leads to hypotension and shock) [11,12]. As of 2009, the new WHO disease
classifications are “Dengue with or without Warning Signs” and “Severe Dengue” [13].
While DHF/DSS only accounts for around 1-2% of dengue, this is still a significant burden
given the large percentage of the world’s population that is affected by DENV annually
and the lack of therapies or an effective vaccine [10,12]. Non-severe dengue manifests as a
nonspecific febrile illness; thus, global dengue burden may be further underestimated, a
problem compounded by a lack of surveillance systems in lower-resource countries [14].
Dengue has become endemic in Asia, Africa, Latin America and the Caribbean, and the
Pacific [15]. In Africa, other medically important flaviviruses, such as West Nile virus,
Japanese encephalitis virus, yellow fever virus, and Zika virus may co-circulate in the same
overlapping geographic areas, as well as a variety of lesser-known flaviviruses including
Spondweni virus, Wesselsbron virus, and Bagaza Virus [16-18]. These viruses and their
clinical manifestations complicate the estimation of dengue burden.

New problems continue to emerge that complicate the public health response to
dengue. There is substantial scientific evidence supporting an increased risk of severe
disease in secondary DENV infections [19,20]. Different sequences of infection based on the
serotype confer different levels of risk for development of severe dengue, and some studies
suggest a higher risk for disease severity with a secondary infection of DENV-2 [19,21]. The
proposed mechanism for the increased severity risk is antibody-dependent enhancement
(ADE). ADE not only increases the risk of severe dengue in secondary infections, but it also
complicates the development of a vaccine for dengue. Dengvaxia®, developed by Sanofi
Pasteur, is the only licensed dengue vaccine, and it cannot be used in dengue-seronegative
patients, since it can increase the risk of hospitalization and severe dengue in seronegative
vaccinees upon subsequent natural DENV infection [22]. Therefore, this is not a viable
option for those living in dengue-endemic areas who are seronegative (e.g., children) nor for
those traveling to dengue-endemic areas. Zika virus also complicates the use of Dengvaxia®
use due to antigenic cross-reactivity with DENV [23].

Climate change is another pertinent concern. Dengue is a climate-sensitive disease,
and models show that climate can predict mosquito-borne disease dynamics in Africa [24].
As the Earth continues to warm over time, vectors that spread important arboviral diseases,
including dengue, can better proliferate and spread into more temperate zones. The
extrinsic incubation period, or the time that DENV remains in the mosquito after a blood
meal before it disseminates to the salivary glands and can be transmitted to other humans,
is shorter in warm climates [25]. Increases in water temperature also result in more rapid
maturation of mosquito larvae, and warmer climates tend to correlate with an increased
number of blood meals by female mosquitoes, leaving more opportunities for transmission
of viruses [26]. Research also suggests that abnormally wet months are later associated with
an abundance of mosquito eggs and adults [27]. Additionally, as urbanization continues
to rise, global travel and trade increases, and waste such as plastic containers and tires
build up, Aedes vector competence and spread will increase [28]. In urban environments,
there is a documented association between Aedes-borne diseases such as dengue and solid-
waste accumulation [29]. Dengue outbreaks are becoming increasingly common in rural
environments globally as well [30].
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Dengue is a topic of global public health importance, especially in low-resource
countries [31]. Dengue spread on the African continent is an emerging problem. Many sub-
Saharan African countries are severely resource-constrained and therefore may face issues
with proper diagnostic testing, vector control, and medical attention to dengue [32,33].
Not only is dengue medically important and a major cause of morbidity worldwide,
but it is also associated with significant economic burden, in the magnitude of billions
of dollars annually [34]. This review will focus on the burden of dengue in African
populations. Research into this topic revealed three major themes particularly relevant
for DENV in Africa. One theme is the general epidemiology of dengue in Africa and
how it has changed over time, including geographical dissemination of disease and the
degree to which dengue burden in Africa is underestimated. A second theme, related
to this underestimation, is the relationship between diffuse malaria prevalence in Africa
and dengue, including discussions on misdiagnosis of these febrile illnesses as well as the
burden of co-infection with both agents. Finally, this review will discuss a central question
of debate: whether people of African descent are protected from severe dengue compared
to other ancestral groups.

2. Methods

An electronic literature review was conducted using the PubMed and Embase databases.
The search terms used in both databases were “Dengue Africa”, “Dengue Africa epi-
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demiology”, “Dengue fever Africa”, “Dengue malaria misdiagnosis”, “Dengue malaria
misclassified”, “Dengue malaria coinfection”, “Dengue malaria Africa”, “Dengue severity
African descent”, “Dengue severity Black patients”, “Dengue hemorrhagic fever Black
patients”, and “Dengue shock syndrome Black patients”. These searches yielded a total
of 7035 studies. The removal of 4807 duplicates left 2228 studies to be screened. Title and
abstract screening using Covidence systematic review software (Veritas Health Innovation,
Melbourne, Australia) removed 2056 irrelevant studies. Studies were deemed irrelevant
if they did not focus on dengue in Africa, on dengue severity based on host ancestry or
genetics, or on dengue and malaria misdiagnosis or Plasmodium spp./DENV co-infection.
Additionally, studies focusing on transmission in non-human species were excluded, unless
the papers were discussing the spread or prevalence of mosquito vectors in Africa that
are known to spread DENYV, as these were useful for analysis of future burden. This left
a total of approximately 172 manuscripts to be examined for the purposes of this review.
Some manuscripts included in this total count that were significantly similar in nature
to others were subsequently excluded in order to avoid duplication of information as
the review materialized. While this is a literature review and not a systematic review,
Figure 1 is a PRISMA-like diagram outlining these methods, as similar methods were
followed for manuscript identification. References of papers were also screened, and ad-
ditional manuscripts relevant to this review were included. An additional search was
undertaken for each independent African country (French, Spanish and other territories
excluded) using the search term “[country name] dengue outbreaks” (Example: “Angola
dengue outbreaks”).
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7035 papers imported for screening > 4807 duplicates removed

2228 papers screened & 2056 irrelevant papers removed

172 relevant papers included

Additional
manuscripts were added
based on reference reviews and
country-specific outbreak
searches, as described in
the methods section

Figure 1. PRISMA-like diagram outlining the methods for article screening.

3. Results and Discussion
3.1. Dengue in Africa: Epidemiologic Characteristics and Considerations

Dengue cases were first recorded in Africa in 1779 [4]. Since then, there have been a
series of outbreaks across the continent of all four DENV serotypes, including in Kenya,
Benin, Cape Verde, Angola, Tanzania, Somalia, and the Comoros [30,35-37]. In the region
of the Middle East and North Africa (MENA), the few outbreaks recorded in the African
portion of this area have been in South Sudan, with one additional outbreak in Egypt [38].
The rest of the outbreaks on the African continent have been recorded in sub-Saharan
Africa. Generally, outbreaks of dengue in Africa are not very common based on reported
data, especially severe dengue. However, this does not necessarily mean that dengue and
severe dengue are rare in Africa. Underreporting and misdiagnosis will be discussed in
a later section, along with how a lack of accurate identification may be downplaying the
dengue situation in Africa.

Outbreaks have been sporadic over time and are caused by either distinct or co-
circulating DENV serotypes [39]. All four serotypes are transmitted in Africa. DENV-2 has
caused the most outbreaks compared to the other three serotypes, followed by DENV-1 [35,36].
Table 1 categorizes countries in the African continent based on their United Nations subre-
gion classification [40]. Records of outbreaks were compiled from papers published within
the last ten years (from January 2011 to June 2021) in order to provide a more up-to-date re-
view of dengue activity. French, Spanish, and any other overseas territories or autonomous
regions of the African continent and outlying islands such as Mayotte, the Canary Islands,
and the French Southern Territories were excluded for the purpose of this analysis. Table 1
outlines the five subregion classifications (North Africa, East Africa, Central Africa, West
Africa, and Southern Africa) and lists outbreaks that have been recorded by year for the
past ten years. The United States CDC’s “Level of Risk” for dengue is also included [41].
It is important to note that most countries with no reported outbreaks in the last decade,
barring the majority of North Africa, still had cases of dengue and may fall into the endemic
category, especially if they have a listed CDC level of risk. Additionally, many of these
countries have also had outbreaks in the past, outside of the span of the last decade, and
therefore still have epidemic potential in the future [8]. Historically, outbreaks of dengue
in Africa date back to 1823, and laboratory-confirmed outbreaks have been identified in
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over 20 African countries since then [37]. A series of papers already detail older outbreaks;
therefore, this review focuses on the identification of more recent outbreaks. Additionally,
due to limitations in laboratory testing and clinical diagnosis, not all dengue outbreaks are
identified and reported; thus, the results of this table may be an underestimation of the true
burden of dengue outbreaks in Africa. This problem will be discussed further below.

Table 1. Outbreaks of DENV in Africa in the past decade (2011-2021).

Outbreaks Recorded in the Last 10

Subregion of Africa Country Years (by Year) U.S. CDC Level of Risk
Sudan 2013 [42,43], 20142015 [44], 2017 [42] Frequent/Continuous
Egypt 2015 [45] Sporadic/Uncertain
. Algeria None reported in the past decade Not listed
North Africa Lif];oya None regorted in the gast decade Not listed
Morocco None reported in the past decade Not listed
Tunisia None reported in the past decade Not listed
Eritrea 2014, 2015 [46] Frequent/Continuous
Djibouti 2011-2014 [47] Frequent/Continuous
Ethiopia 2013, 2014, 2015, 2016 [48-50] Frequent/Continuous
Kenya 2011, 2013-2014, 2017-2018 [51-54] Frequent/Continuous
Somalia 2011 [54,55] Frequent/Continuous
Tanzania 2014, 2018, 2019 [56,571 Frequent/Continuous
Mauritius 2019 [58] Sporadic/Uncertain
Mozambique 2014 [59], 2015 [43] Sporadic/Uncertain
} Seychelles 2015-2017 [60,61] Sporadic/Uncertain
East Africa Burundi None reported in the past decade Sporadic/Uncertain
Comoros None reported in the past decade Sporadic/Uncertain
Madagascar None reported in the past decade Sporadic/Uncertain
Malawi None reported in the past decade Sporadic/Uncertain
Rwanda None reported in the past decade Sporadic/Uncertain
South Sudan None reported in the past decade Sporadic/Uncertain
Uganda None reported in the past decade Sporadic/Uncertain
Zambia None reported in the past decade Sporadic/Uncertain
Zimbabwe None reported in the past decade Sporadic/Uncertain
Angola 2013 [62,63] Sporadic/Uncertain
Cameroon 2017 [64] Sporadic/Uncertain
Central African Republic None reported in the past decade Sporadic/Uncertain
Chad None reported in the past decade Sporadic/Uncertain
Central Africa Democratic Republic of the Congo None reported in the past decade Sporadic/Uncertain
Republic of the Congo None reported in the past decade Sporadic/Uncertain
Equatorial Guinea None reported in the past decade Sporadic/Uncertain
Gabon None reported in the past decade Sporadic/Uncertain
Sao Tomé and Principe None reported in the past decade Sporadic/Uncertain
Burkina Faso 2013, 2016-2017 [65,66] Frequent/Continuous
Ivory Coast (Cote d’Ivoire) 2017, 2019 [58,67] Sporadic/Uncertain
Senegal 2015, 2018-2019 [68,69] Sporadic/Uncertain
Benin None reported in the past decade Sporadic/Uncertain
Cape Verde None reported in the past decade Sporadic/Uncertain
Gambia None reported in the past decade Sporadic/Uncertain
Ghana None reported in the past decade Sporadic/Uncertain
. Guinea None reported in the past decade Sporadic/Uncertain
West Africa Guinea-Bissau None reported in the past decade Sporadic/Uncertain
Liberia None reported in the past decade Sporadic/Uncertain
Mali None reported in the past decade Sporadic/Uncertain
Niger None reported in the past decade Sporadic/Uncertain
Nigeria None reported in the past decade Sporadic/Uncertain
Sierra Leone None reported in the past decade Sporadic/Uncertain
Togo None reported in the past decade Sporadic/Uncertain
Mauritania None reported in the past decade Not listed
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Table 1. Cont.

Subregion of Africa

Outbreaks Recorded in the Last 10 .
Country Years (by Year) U.S. CDC Level of Risk

Southern Africa

Namibia None reported in the past decade Sporadic/Uncertain
Botswana None reported in the past decade Not listed
Eswatini (Swaziland) None reported in the past decade Not listed
Lesotho None reported in the past decade Not listed
South Africa None reported in the past decade Not listed

Note: Bolded countries denote outbreaks in the past decade.

The results show that dengue outbreaks in the past decade (2011-2021) in Africa have
occurred in a number of countries (16), and the subregion with the highest number of
recent outbreaks is East Africa, followed by West Africa, North Africa, and then Central
Africa. This ranking is interesting, as various reviews and seroprevalence studies have
produced conflicting results. A review study on dengue in Africa similarly reported
recent outbreaks to be higher in Eastern Africa, as well as studies that have found up to
30-50% seroprevalence in East African countries including Sudan and Kenya [30,70,71].
In contrast, a systematic review/meta-analysis of dengue prevalence studies in Africa
found that IgG seroprevalence for dengue was 3.6% in Eastern Africa and 52.6% in Western
Africa in the years 2000 to 2019, including studies that tested both healthy and febrile
patients [37]. No outbreaks were reported/confirmed in Southern Africa in this decade.
Some countries bordering countries experiencing an outbreak, such as those near Angola,
Tanzania, Burkina Faso, Kenya, and Ethiopia also experienced increased cases of dengue
and death attributed to dengue from citizens who crossed the borders into these countries
during these outbreaks, as described in articles cited in Table 1.

In addition to recorded outbreaks, there is evidence that dengue is endemic in at least
34 African countries [35]. This evidence is based on laboratory-reported cases, seropreva-
lence studies, and clinically suspected cases without laboratory confirmation [30,35,37].
Severe dengue is not very common in Africa. From 2011-2019, there were 176 severe
cases of dengue, and most of these were co-infections with malaria [72]. It is difficult to
find Africa-specific data on mortality rates and clinical outcomes in the literature. Recent
seroprevalence research has been used to predict the true prevalence of DENV infection
and country-specific dengue endemicity [70,73-101]. The vast majority of these studies
found that dengue prevalence and evidence of anti-DENV antibodies from past infection
were much higher in number than what was currently reported. One study found that
among 80,977 African participants from 2000-2019, seropositivity for DENV was 24.8%
in febrile participants and 15% in healthy participants [37]. These sero-epidemiological
studies provide additional evidence that dengue in Africa is significantly underreported,
and more of a risk to African people and travelers than is currently expected. Figure 2 maps
the endemicity and outbreak potential and further identifies countries without reported
dengue cases, but with Aedes vector spread.

International travel has led to the importation of dengue cases from Africa to dengue-
naive areas or areas with low dengue transmission. These cases, especially when the
traveler returned from an area of Africa not considered to be a high risk for dengue trans-
mission, provide more evidence for endemic dengue circulation in African countries. There
have been cases of dengue transmission from African countries such as Benin, Cote d'Ivoire,
Tanzania, the Democratic Republic of the Congo, Burkina Faso, and Angola to numerous
other countries, including mainland China, Italy, Japan, Spain, France, Austria, the Nether-
lands, Belgium, Norway, Poland, and the United States [102-127]. These populations
included people visiting family members or friends, students studying abroad, business-
people, and military troops [102-127]. Recording cases obtained from international travel
to Africa is not just important for estimating endemicity in African countries in the absence
of well-established in-country surveillance but is also useful in informing other countries
about what precautions are necessary and what risks are to be expected for their citizens



Viruses 2022, 14, 233

7 of 23

traveling to Africa. Additionally, they help to inform healthcare workers in dengue-naive
countries of what diseases their patients may be presenting with in emergency department
settings based on their recent travel history.

Mauritania

Key:
Red = Recorded outbreaks in the past decade (2011-2021)

Pink = No recorded outbreaks in the past decade, but
have at any point in recorded history had cases of dengue
(locally acquired and/or acquired by travelers who visited
the African country and then returned to non-endemic
countries) or outbreaks of dengue, with Aedes vectors
present

Tan = No recorded cases or outbreaks of dengue (many
of these countries lack surveillance systems), but dedes
vectors are present and therefore potential for dengue Botswana
risk/circulation

White = No data available for dengue or Aedes vectors

**Mauritius, Seychelles, Cape Verde, and Comoros not
to scale

Figure 2. Mapping the epidemiology of dengue in Africa [30,35]; see Table 1 references. Notes:
In 2011, the Republic of South Sudan seceded from Sudan. Therefore, it is difficult to determine
whether dengue and/or Aedes exist in both Sudan and South Sudan due to the recent split and
a lack of updated data. Thus, while South Sudan is coded as “no data available” and remains
colored white for this map, it is likely that in the past, when the two countries were still combined,
dengue cases and/or transmission had occurred in what is now considered South Sudan based on
geographic proximity to other dengue-endemic countries and environmental suitability. These results
are based on recorded cases only. Not every country has surveillance systems in place for dengue,
but transmission may be possible based on vector competence and geography, and transmission may
be occurring unrecognizably.

There is additional evidence that dengue prevalence may be more pronounced in
Africa than research currently suggests. The dissemination of the main vectors, Aedes
aegypti and Aedes albopictus, is substantial across the African continent. Research shows
these vectors exist widely in sub-Saharan Africa and may be underrecognized due to the
vector control strategies that are traditionally focused on Anopheles species, which transmit
malaria [128]. There is some evidence in laboratory settings that the African strains of Aedes
are less susceptible to the four DENV subtypes, but more research is needed to determine
whether this sufficiently contributes to the explanation of why dengue transmission appears
less common in Africa than other locations [30]. A study in Kenya found DENV in 0.4%
of mosquito pools, with evidence of transovarial transmission in local mosquitoes [129].
Interviews with a study population of coastal Kenyans revealed a lack of knowledge about
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the Aedes mosquito life cycle and prevention strategies, and a prioritization of Anopheles
control methods [130]. The paper “Aedes Mosquitoes and Aedes-Borne Arboviruses in
Africa: Current and Future Threats” modeled the potential spread of Aedes species in Africa
and created maps of the predicted population at risk of infection (PAR) [18]. These maps
predict that Aedes spread in Africa is far more widespread than is currently predicted
or recorded and highlights the importance of adequate recording and data in order to
predict future outbreaks. The paper also highlights the fact that recent studies show
new Aedes albopictus spread in Mali, Morocco, and Mozambique and new Aedes aegypti
spread in Ghana, Mozambique, and Namibia. As discussed previously, climate change and
increased urbanization are also factors that are predicted to increase the Aedes populations
in Africa. Increases in global warming will create temperature conditions that are more
ideal for mosquito larvae, rain will create more opportunities for breeding. Furthermore,
urbanization, plastic and tire pollution, and lower socioeconomic development all have the
potential to be beneficial for Aedes proliferation [8,18,128,131].

There have been questions raised over the true burden of dengue in Africa, espe-
cially severe disease [36]. The establishment of endemicity in African countries has been
complicated by a lack of adequate reporting. Reasons for this include a lack of adequate
surveillance and response systems, including laboratory surveillance methods, insuffi-
cient knowledge and awareness of dengue fever disease symptoms and risk, and resource
constraints [36,132-134]. Another major problem is misdiagnosis and misclassification
of febrile disease, especially as malaria or when there is a co-infection of DENV and
Plasmodium spp. (malaria) [135].

3.2. Malaria and Dengue: A Diagnostic Nightmare

Dengue is commonly misdiagnosed due to its non-specific features. In addition,
according to the U.S. CDC, around one in four people infected with dengue will show
symptoms; the majority of patients are otherwise asymptomatic, which further complicates
public health control of dengue [136]. If asymptomatic patients continue to engage in
regular day-time behavior, unaware of their infection, female Aedes mosquitoes can take
a blood meal and transmit the virus, making outbreaks harder to contain and causing
transmission to occur at high rates [137]. Seroprevalence studies in various Africa countries
of healthy and febrile individuals find high rates of seropositivity, ranging from 0.5%
to 73% (determined by measuring IgG antibodies, which is evidence of past infection,
and/or IgM, indicating a recent infection), suggesting substantial asymptomatic infection
and/or under-reporting or misdiagnosis of clinical cases [70,73—-101]. Seroprevalence is
used for determining dengue endemicity in African countries otherwise unknown to
have local dengue spread. In order to diagnose dengue in Africa, there are a variety of
possible tests, including viral genome detection, NS1 antigen tests, IgM and IgG antibody
testing via enzyme-linked immunosorbent assays (ELISAs), antibody neutralization tests,
rapid antigen or antibody-based diagnostics, and immunofluorescence assays [138]. In
Africa, particularly in rural areas, routine testing for arboviruses is uncommon outside of
outbreak situations due to issues with transportation, sample and test quality, resource and
facility constraints, staff training deficits, and cost [132,135,138], all of which contribute to
underdiagnosis and misdiagnosis.

Common dengue symptoms in those who do get sick includes fever with any of
the following additional symptoms: nausea, vomiting, rash, and eye, bone, muscle, or
joint pain/aches [136]. Severe dengue disease (DHF or DSS, according to the 1997 WHO
classification) may manifest as abdominal pain, vomiting (including vomiting blood),
hemorrhagic manifestations, and feeling tired or restless, with the most critical feature being
plasma leakage that can lead to hypovolemic shock [136]. The WHO 2009 classification
specifies dengue without warning signs, dengue with warning signs, and severe dengue
(symptoms of which include severe plasma leakage, severe bleeding, or organ failure) [139].
Dengue symptoms are very similar to other endemic diseases in Africa, including viral
diseases such as Zika and chikungunya, which are also spread by Aedes mosquitoes, Rift
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Valley fever, yellow fever, and Ebola [140]. However, no disease is as widespread in Africa
and seems to cause as much confusion and misdiagnosis as malaria, another mosquito-
borne infectious disease.

The WHO estimates that 92% of malaria cases across the world (around 200 million
cases) are in the WHO African region [141]. More than 409,000 people died of malaria
globally in the year 2019, and most of these deaths were children in sub-Saharan Africa [142].
Presently, 106 countries are considered at risk of malaria transmission, many of which are
in the WHO areas of Africa, South East Asia, and the Eastern Mediterranean, as well as the
Caribbean and Latin America [143,144].

Malaria, similar to dengue, is a febrile illness, with symptoms that may include fever,
chills, general discomfort, headache, nausea/vomiting, diarrhea, abdominal pain, muscle
or joint pain, fatigue, rapid breathing or heart rate, and /or cough [145]. These symptoms
overlap broadly with dengue. Malaria is well-known among healthcare workers to be a
common and expected cause of febrile illness in Africa, and it is largely endemic. Thus,
due to widespread malaria, many healthcare workers in Africa assume a presumptive
malaria diagnosis when witnessing clinical cases of fever [35,132]. Clinicians may even be
aware of dengue as a possible diagnosis, but are uninformed as to the symptoms, risk, and
testing [132,133,146]. Research shows that malaria diagnoses are over-diagnosed and can
be overestimated by as much as 61% of clinical diagnoses, while more than 70% of febrile
illnesses are presumed to be malaria by clinicians when seen in malaria-endemic African
countries [35]. A study in Cote d’Ivoire on febrile patients found that among 406 febrile
patients who were clinically suspected to have malaria, only 39.4% had a positive thick
blood film test, and three patients were positive for dengue following laboratory testing but
were not clinically suspected to have dengue [147]. Multiple studies of children in Kenya
have found high dengue burden among children with undifferentiated fevers (7.4—41.9%),
including evidence of all four DENV serotypes [39,148]. Similar studies in other African
countries have ascertained similar results: dengue appears to be more common than
estimated, and dengue cases are often misdiagnosed as malaria [149-151]. Some research
supports the existence of a so-called “malaria-industrial complex”, created in part by
malaria control programs and international development organizations in the fight against
malaria, that has obscured other febrile illnesses such as dengue and led to misdiagnosis of
malaria at high rates due to the focus on malaria as the main cause of fever in sub-Saharan
Africa [152]. It is important to note that the problem of misdiagnosis between dengue
and malaria is not necessarily restricted to Africa. Any country that has endemic dengue
and malaria or has experienced locally acquired outbreaks of both these diseases could be
facing the same issue of malaria/dengue misdiagnosis or malaria overestimations.

3.3. Malaria and Dengue: The Added Complication of Co-Infections

Another complication of the co-existence of malaria and dengue in Africa is co-
infections. Simultaneous infections with the agents of the two diseases have been reported
in countries with overlapping prevalence of disease, inside and outside of the African conti-
nent. Anopheles mosquitoes that transmit Plasmodium bite at night, while Aedes mosquitoes
bite mostly in the early morning and late afternoon, and these behaviors have implications
for co-infection, as a lack of proper disease control methods that address both diseases can
leave African populations vulnerable to multiple infections [153].

Multiple co-infections with DENV and Plasmodium (mostly vivax) have been recorded
in India, a country with well-recognized dengue and concurrent malaria activity [154-164].
Case reports and studies among febrile patients revealed that generally, DENV and Plasmod-
ium co-infection was associated with more severe symptoms than having either infection
alone, including more hemorrhagic manifestations, jaundice, and kidney disfunction [154-164].
In addition to India, reports of Plasmodium spp. and DENV co-infection were also reported
in China, the Malaysia/Thailand border, Pakistan, Peru, the Brazilian Amazon, Brazil, Haiti,
French Guiana, Indonesia, East Timor, Cambodia, Bangladesh, and Japan [159,165-182]. In
Africa, such co-infections have been reported in Cameroon, Kenya, Nigeria, Ghana, and
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Senegal [150,183-192]. In the cited works, co-infection rates in groups of African patients
range from 0.6% to as high as 51.5%, and many are co-infections with Plasmodium falci-
parum, given that it is the most common malaria parasite in Africa [39,150,184,185,187,190-192].
As previously described, dengue is not well documented in Africa, and cases may be
misdiagnosed as a mono-infection of malaria or other febrile illnesses, so there are likely
more co-infections across the African continent than what is currently known and described
in the literature. These studies in African populations also found mixed evidence that
co-infection results in more severe disease in many clinical cases, based on symptoms
experienced by the patients enrolled who had either concurrent or mono-infections of
DENV /Plasmodium, with most patients experiencing more severe disease in cases of con-
current infection compared to mono-infections. The suggested complication of more severe
disease due to co-infections is an important condition that clinicians should be aware of
in endemic areas where these two diseases may have overlapping epidemiology. Most
studies used laboratory parameters such as hemoglobin and platelet levels, Plasmodium
parasitemia levels, and clinical outcomes (such as duration of fever and/or hospitalization,
the need for transfusions, etc.) as methods for analysis.

A systematic review and meta-analysis on the effect of co-infection on malaria severity
found that severe malaria was more common among patients co-infected with DENV [193].
A research study in the Brazilian Amazon supported this, finding more severe disease
in co-infected patients and lower levels of platelets and hemoglobin [175]. Co-infection
exacerbated symptoms of both diseases compared to mono-infection, including fever
duration, bleeding, jaundice, renal dysfunction, hepatomegaly, thrombocytopenia, anemia,
shock, impaired consciousness, and number of transfusions [156,163,168,193]. There is
a very limited amount of information in the literature regarding the biological effects
of DENYV on Plasmodium and vice versa, and more research is needed to elucidate these
mechanisms. A study suggested that compared to mono-infections with either agent,
co-infection with DENV and Plasmodium may be more severe due to the effects of DENV
on the endothelium and the resulting increase in vascular permeability, which can cause
more severe malaria, but more research is needed to define this relationship [168].

However, another systematic review and meta-analysis on co-infection found that
DENYV infection may actually decrease the odds of Plasmodium infection and parasitemia
compared to mono-infection with Plasmodium, and that co-infection with DENV was
associated with higher platelet and hemoglobin levels in patients [194]. Finally, other
studies found no clear differences in severity between mono-infected and co-infected
individuals among their sampled patients [165,169]. It is clear that more comprehensive
research is needed to reach a conclusion on whether DENV and Plasmodium spp. co-
infection incurs a greater risk of severe disease than mono-infection, as well as research
on possible biological mechanisms for this risk difference, especially given that much
of the available research consists of case reports. However, based on what is available
currently, there seems to be a relationship that is relevant to clinicians, which provides
further evidence for the utility of screening for both diseases among febrile patients.

3.4. African Ancestry and Protection from Severe Dengue: Genetics, Social Factors, and Impacts

Risk of severe dengue is associated with multiple potential factors, including the host
immune response, host genetic factors, and comorbidities such as diabetes, cardiovascular
disease and stroke, respiratory disease, renal disease, and sickle cell disease, as well as
co-infections with other infectious diseases [195-197]. Delaying care or not seeking care is
also associated with more severe outcomes of dengue [195]. Multiple studies also examine
genetic ancestry as a risk, which will be discussed in this section. This is relevant to the
question of dengue burden in Africa, as the literature suggests that some level of protection
may exist against severe dengue among those with African ancestry. Whether this is a
true protective genetic relationship or a result of other factors such as misclassification,
socioeconomic conditions, health-seeking behavior, and/or medical racism is a subject of
controversy among researchers. If there is truly a protective effect, then severe dengue may
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not be a high priority concern among African populations. If this is a falsely identified
protective effect confounded by other social factors, then clinicians may neglect to consider
dengue as a possible diagnosis for sick patients in these populations and may misdiagnose
them. Proper care could be delayed, or mosquito abatement techniques abandoned, which
would negatively affect entire communities [198]. Therefore, it is of the utmost importance
to ascertain this question of protection.

It is important to distinguish between genetic ancestry and race for the context of
this paper. Race is a social construct, and biological characteristics and genetics do not
differ fundamentally among different socially ascribed races or skin colors [199,200]. This
paper makes no attempt to suggest that there is a fundamental biological component to
race, and the authors understand that the idea of race is constructed, fluid, and not based
in biological science. Such biological arguments for race have historically been used to
justify genocide, residential segregation, assertions of biological inferiority, and other racist
practices [201]. Oftentimes, perceived racial differences in health outcomes are due to
confounding variables such as socioeconomic differences, institutional racism, or bias on
behalf of healthcare providers. The emphasis, therefore, should be on why certain racial
groups are disproportionately affected by inequities and how this relates to healthcare
outcomes, and not on how people of different skin color may be biologically different.

However, research has identified situations where genetic ancestry, based on changes
in DNA at the epigenetic level or due to varying evolutionary pressures, may relate to
differing healthcare outcomes. For example, sickle cell disease tends to have a higher
incidence in populations whose ancestry traces back to areas with high malaria incidence,
as the sickle cell trait is protective against malaria [202]. As malaria is more widespread
in sub-Saharan African populations than any other group, sickle cell disease tends to
become associated with Black patients. Both self-identified race and ethnicity and genetic
ancestry are important to consider when treating patients or developing interventions, as
bias, discrimination, poverty, and healthcare access may be just as important to consider
when assessing a patient’s risk as any genetic ancestral risk component would be [201].
The following section will examine the literature describing potential genetic components
affecting risk for DHF/DSS, with the major caveat that some of these studies have focused
on Black populations/patients without specifically examining ancestry itself. In these
situations, racial classifications may differ based on what a specific provider ascribes
a patient’s race to be in a study compared to how the patients self-identify, and these
classifications may differ by country, culture, or context, were the study to be repeated.
Self-ascribed racial categories may also fail to examine the role of socio-cultural factors that
impact dengue severity.

Various studies excluding racial/ethnic/ancestral categorization have suggested the
existence of genetic components that modify an individual’s risk of progressing to severe
dengue disease. The review “Host Genetics and Dengue Fever” found that genes affecting
DENV uptake (e.g., FcyRIIA, CD209, and CLEC5A) may affect the immune response
intensity in a patient and therefore dengue severity, as severity is often a result of host
immune response overactivation [203]. Research has also shown that some serotype-specific
variants at oligoadenylate synthetase (OAS) family genes affect dengue severity, and that
polymorphisms in a series of genes, including MICB, PLCE1, TNF, TPSAB1, and IL10,
have been associated with dengue outcomes and severity level in multiple studies [203].
Different human leukocyte antigen (HLA) groups have also been shown to confer either
protection against or risk of developing severe dengue manifestations, including HLA-A
0203, 0207, A11, B-15, B-44, B-46, B-48, B-51, and B-52, which have different effects in
various ethnic groups [204,205]. Some HLA types associated with more severe dengue
disease include but are not limited to HLA-A*31, A*01, A*26, A*31, A*68, A*32, and A*30,
as well as B*44, B*15, and B*35:01 [206]. Several HLA types associated with protection from
severe disease include HLA-DR*9, DR*12, B*07, and DR*13 [207]. Additionally, AB blood
group has been shown to be a risk factor for DHF/DSS [208]. Other studies outline specific
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genetic risks for dengue severity based on genome-wide association studies, including
analyses for multiple ancestries [209].

Multiple studies suggest a relationship between African ancestry and protection from
severe dengue disease. In Cuban populations, where the population is typically a mixture of
African, European, and Native American ancestry, African descendancy has been associated
with protection [210]. A study of risk factors for DHF/DSS in admixed Cuban populations
found that candidate genes OSBPL10 and RXRA are expressed differently during dengue
disease progression [210]. A decrease in OSBPL10 expression, which was significantly
lower in African descendants, was associated with a decrease in DENV-2 replication
and therefore decreased disease severity. Different SNPs regulate RXRA transcription
between African and European populations, which regulates important immune functions
particularly in macrophages [210]. Following a 1981 dengue epidemic in Cuba, clinicians
noticed that Black individuals had a significantly lower frequency of DHF/DSS compared
to White patients but did not have an explanation of why this phenomenon occurred and
did not consider socioeconomic status or health behavior [211]. Another study on this
1981 epidemic and a 1977 dengue epidemic in Cuba found that White individuals had
stronger and more cross-reactive DENV-specific memory CD4* T lymphocyte proliferation
and interferon (IFN)-y release compared to Black individuals, which could contribute
to the immunopathogenesis that leads to severe dengue and may help to explain why
Black individuals had less severe dengue disease [212]. Researchers investigating ADE of
viral replication of DENV-2 in peripheral blood mononuclear cells (PBMCs) of ‘Cubans
of White and Black descent’ found that DENV-2 did not replicate well in PBMCs of Black
individuals ex vivo, regardless of the presence of anti-DENV antibodies, but increased
viral proliferation was found in the PBMCs of White individuals, which could partially
explain the increased risk of DHF/DSS [213]. Studies in Cuban populations suggest a
genetic protective effect in African descent populations, but the descriptive clinical studies
may have conflated race and ancestry and failed to consider social explanations for the
decreased cases of dengue severity in Black patients.

A genetics meta-analysis on seven genes associated with dengue severity risk found
that sub-Saharan African populations and descendants of these populations are most pro-
tected against DHF/DSS compared to other ancestral groups and that Southeast/Northeast
Asians are the least protected [214]. Similarly, the “Host genetics and dengue fever” review
discussed above also found that African ancestry is associated with protection from severe
dengue [203]. In Haiti, researchers studying DHF in Haitian children found that while
85% of the children studied had antibodies to at least two DENYV serotypes, there were no
DHEF reported by pediatricians, but DHF cases did occur in United States/United Nations
military personnel in Haiti, which they attributed as evidence for dengue resistance genes
in Black populations [215]. In a study on Columbian populations with dengue, for every
1% increase in African ancestry, there was a more significant protective effect against severe
dengue, dengue hemorrhagic fever, and hemorrhage occurrence, and a decrease “from
100% to 0% African ancestry” increased the odds ratio for severe dengue by 44-fold, DHF by
24-fold, and hemorrhagic occurrence by 20-fold [216]. In Dar es Salaam, Tanzania, a study
of native and expatriate populations in an outpatient clinic found that amongst patients
with the same DENV serotype, African ancestry was protective against severe dengue, due
to environmental or genetic host factors, and suggested that this mild course of disease
may provide explanation for the under-reporting of dengue in Africa and the frequent
misdiagnosis of dengue as malaria [217]. Additional studies have found significant findings
with similar evidence of protective effects in populations of African descent [218-221].

Current evidence points to a genetic protective effect against severe dengue manifes-
tations in populations of African descent. Ultimately, more research is needed, including
a comprehensive meta-analysis, to determine whether this evidence holds true amongst
larger populations, as many of these research studies were specific to patients presenting
to hospitals or clinics in different geographic locations where people of African descent
reside. Additionally, there have not been many studies focusing on patients specifically
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residing in Africa and their susceptibility to dengue, outside of the Tanzania study. A study
on genetic ancestry and income also found that DHF diagnosis was associated with higher
income level (and was independently negatively associated with African ancestry) [218].
This highlights the potential effects of socioeconomic factors on this perceived relationship,
as DHF is typically diagnosed in hospitals, which may only be accessible to people of
higher income level and with better access to care [218]. If only patients presenting to
hospitals are being diagnosed, then this may mean that DHF is not as uncommon among
African ancestral groups as is currently expected, although ex vivo cell studies seemed to
still indicate a relationship. Additionally, a review on causes of dengue mortality found
that low education levels, poverty, delay of care or absence of care-seeking, rural residence,
barriers to health access, low government expenditures on health, low health staff knowl-
edge of dengue, and poor dengue surveillance systems were all related to higher dengue
mortality [195]. Ultimately, clinicians should be careful to not dismiss severe dengue as
a diagnosis among African descent populations, as cases still do occur and could be mis-
diagnosed or mistreated if an association with decreased severity is assumed in all cases.
Additionally, this relationship does not suggest that DENV is not circulating among those
of African descent, but rather that severe cases are less common (although they do exist,
and outbreaks of DHF in African patients do still occur, even if rare) [222]. Therefore, public
health control measures in populations of people with high degrees of African descent are
still necessary to ensure overall health and well-being. Dengue transmission, infection,
and clinical severity are multifactorial, and there is not one overriding factor to explain
differences in clinical presentation.

4. Conclusions and Next Steps

This review highlights important considerations for dengue disease in Africa, including
a changing epidemiology and underestimation of disease burden, issues with malaria
misdiagnosis and co-infections, and limited evidence of genetic protection from severe
dengue disease in populations of African descent.

A review of the literature indicated that DENV prevalence in African countries and
populations may be more widespread than reported data suggest. Recent outbreaks indicate
an increasing problem in East Africa, and DENV may be circulating undiagnosed in West
Africa as well [131,223]. Additionally, Aedes mosquitoes, the vectors for DENV, appear to be
increasing in geographic dissemination and number. Climate change, urbanization, plastic
pollution, and population growth are all factors expected to make the dengue situation
in Africa worse in the near future [8,128,131]. Dengue in Africa therefore deserves more
attention in terms of public health interventions such as vector control, dengue disease
surveillance and rapid, inexpensive diagnostic testing, as well as training of clinicians in
dengue symptoms/diagnosis and supportive treatment options.

Dengue misdiagnosis is a problem in Africa, especially due to the typical non-specific
clinical presentation of dengue. Additionally, current literature suggests that the widespread
endemicity of malaria in Africa complicates the diagnosis of dengue, as most febrile ill-
nesses are assumed to be malaria. This is a particular problem for vector control strategies.
The typical vector control strategies for the malaria-spreading Anopheles mosquitoes, such
as insecticide-treated bednets and indoor insecticide spraying, would not be as effective
against Aedes mosquitoes, which typically bite during the day [128].

Research into a protective genetic component against severe dengue in African descent
populations is suggestive of the existence of such a relationship, but a meta-analysis and
further studies should be conducted to strengthen this association in various populations.
Additionally, more studies should address socioeconomic factors that may contribute to
this relationship and better delineate between self-ascribed or researcher-ascribed racial
categories and actual genetic ancestry information.

The main finding of this review is that based on the evidence of dengue and Aedes
dissemination, recent outbreaks, widespread seropositivity, climate change factors, malaria
misdiagnosis, Plasmodium and DENV co-infection, and questions around genetic protection
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from severe dengue versus social determinants of health barriers and misdiagnosis, Africa
should not be ignored when it comes to dengue. More research should be performed to
examine the relationship of African ancestry and dengue severity risk. In the meantime,
clinicians should be aware to considering DHF as a possible diagnosis, as some patients of
African descent can develop this disease despite potential general genetic protection. Proper
surveillance systems, laboratory testing facilities, clinician diagnostic training materials for
non-malarial febrile illnesses, and vector control strategies also urgently need to be put in
place in African countries, including those without currently reported dengue cases but
with current or predicted Aedes spread, in order to reduce the burden of this disease.
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