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Present and future threats

") Check for updates

Background: The resurgence and widespread transmission of flaviviruses over the past few
decades are particularly concerning.

Aim: This review discusses the structure, aetiology, transmission, detection, diagnosis and
prevention strategies for flaviviruses in South Africa.

Setting: Climate change, urbanisation, travel, population growth and changes in viral genetics
are all driving the establishment and reemergence of flaviviruses in previously non-endemic
areas. Medically important flaviviruses such as dengue, Zika, West Nile and yellow fever have
geographically expanded, affecting millions worldwide.

Method: The study was conducted using the search engines, including Google Scholar, PubMed,
ScienceDirect and Medline. This review includes published articles on flaviviruses from South
Africa and beyond.

Results: Climate change, urbanisation, population growth and changes in viral genetics
contribute to the reemergence of flaviviruses. The West Nile virus (WNV) is the most prevalent
flavivirus detected in both animals and humans in South Africa. Lesser-known flaviviruses such
as Banzi virus (BANV), Bagaza virus (BAGV), Spondweni virus (SPOV), Wesselsbron virus
(WSLV) and Usutu virus (USUV) have also been identified in the region, but their current status
remains unclear, possibly due to limited surveillance programmes and / or misdiagnosis. Nucleic
acid amplification tests, followed by sequencing and serological assays, are commonly employed
technologies for surveillance in South Africa. While there are no licensed vaccines for human use
against these flaviviruses, licensed vaccines for WSLV and WNV are available for animals.

Conclusion: There is a need to develop molecular diagnostic tools for local strains to prevent
misdiagnosis, enhance surveillance programmes, implement preventive measures and facilitate
the development of therapeutic agents and vaccines.

Contribution: This review provides insight into the significant health risks that flaviviruses pose
to humans and animals. Additionally, it highlights the limitations of diagnostic methods and
preventative measures, thereby enhancing the management of these infections.

Keywords: flavivirus; public health; re-emergence; health threat; zoonoses.

Introduction

The world is currently struggling with various anthropogenic factors associated with the
emergence and spread of pathogens, such as climate change, urbanisation, globalisation and
population growth. Floods and increased temperatures from climate change cause the proliferation
of arthropod vectors such as ticks and mosquitoes, increasing the chances of human-vector
interactions. Recent spread and outbreaks of chikungunya virus (CHIKV) and Zika virus (ZIKV)
underscore the emergence of vector-borne pathogens in previously non-endemic regions.
Currently, there is a resurgence of ZIKV and CHIKYV infections in some parts of the world; over
12600 cases of ZIKV and 135654 of CHIKV were reported in America this year. Notably, as of
April 2025, South Africa recorded three travel-related cases of CHIKV.!

Members of the genus Orthoflavivirus, belonging to the family Flaviviridae, have a broad
geographic distribution with potential for spread and emergence in non-endemic regions. In
nature, flaviviruses are primarily maintained and transmitted in a sylvatic or an enzootic cycle
between mosquitoes or ticks and birds or non-human primates (NHPs), with spillover to
humans and domestic animals in urban transmission. Once flaviviruses have escaped their
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enzootic cycle, some flavivirus infections, such as ZIKYV, are
maintained in human populations for years through
human-to-human transmissions. Some infections can spill
over from animals directly into human populations through
drinking raw milk. Over the past decades, flaviviruses such
as ZIKV, West Nile virus (WNYV), yellow fever virus (YFV)
and dengue virus (DENV) have been responsible for
outbreaks of diseases worldwide with significant global
impact on public health. Approximately 440000 - 1.3
million cases of ZIKV were recorded in 2015 during the
outbreak in Brazil.? A total of 200000 cases and 30000 deaths
due to yellow fever are recorded every year worldwide.® In
2024, dengue cases increased twofold from 2023, 14.1
million cases and 9508 dengue-related deaths were
reported.* Cases of WNV vary annually, and in 2024, WNV
was reported worldwide, with notable cases in America.
Approximately 2445 human cases of WNV were reported,
with 165 confirmed deaths reported in America.®

To effectively address the challenges imposed by flaviviruses
in public health, it is imperative to deepen our knowledge of
flavivirus transmission dynamics, epidemiology, diagnostic
methods and available preventive measures. By proactively
tackling these aspects, we can better equip ourselves to
reduce their effects and safeguard public health. Investing in
research and preparedness will not only protect communities
but also enhance resilience against future outbreaks.

In South Africa, outbreaks of WNV occur after warmer and
wetter periods when mosquito populations increase.
Approximately 5-15 human cases are reported annually;
however, there are likely additional asymptomatic and
undiagnosed cases.® West Nile virus is also recognised as a
veterinary concern in horses, causing an average of 10 cases
of fatal encephalitis each year. Travel-related cases of DENV
imported from endemic places have been reported in South
Africa, and its principal vectors are prevalent in particular
locations, such as KwaZulu-Natal. In addition, there are
several lesser-known flaviviruses in the country historically
been reported but remain understudied and potentially
under-reported. Outbreaks of Wesselsbron virus (WSLV)
have been detected in humans and livestock, and WSLV
isolates have been obtained from collected mosquitoes.
Usutu virus (USUV), Spondweni virus (SPOV), Bagaza virus
(BAGV) and Banzi virus (BANV) have been detected in
mosquitoes and birds.”*® Of concern are the recent outbreaks
of USUV and WSLV, which were documented in animals
and humans in Africa and Europe.!*'28 This highlights the
urgent need for improved surveillance and research efforts
in South Africa to better understand the transmission
dynamics, epidemiology and potential health risks associated
with these flaviviruses.

Factors, including asymptomatic cases, minimal illness and
similar clinical presentations among symptomatic infections,
result in under-reporting and misdiagnosis of flavivirus
infections. For instance, Rift Valley fever virus (RVFV) and
WSLV are transmitted by the same vectors and both cause
abortions in livestock, with potential for misdiagnosis
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without having specific laboratory tests to differentiate. In
addition, extensive serological cross-reactivity between
flaviviruses further complicates accurate diagnosis in both
humans and animals. This article aims to review the structure,
aetiology, transmission, detection, diagnosis and prevention
strategies for flaviviruses in South Africa, ultimately
enhancing awareness and improving management of these
infections in the region.

Methods

Relevant articles were identified using the search engines
Medline, PubMed, Google Scholar and Science Direct, a
publisher-specific site for publications. The specific keywords
included ‘flavivirus’, ‘public health threat’, “zoonoses” and
‘re-emergence’. The search only focused on articles written in
English, and no restrictions were applied on the type of
manuscript and year of publication; systematic reviews,
original articles, narrative reviews and meta-analyses were
evaluated.

Review findings

Classification of flaviviruses and their antigenic
relationships

Flaviviruses are small, ~50 nm in diameter, enveloped, positive-
sense and single-stranded RNA viruses. Flaviviruses are
arthropod-borne viruses (arboviruses) belonging to the
Flaviviridae family in the genus Orthoflavivirus. Over 70 viral
species exist within this genus, and they are classified based on
their vectors, that is, tick-borne, mosquito-borne, insect-specific
or no known vector™ as indicated in Table 1. This genus includes
medically or veterinary important mosquito-borne flaviviruses
such as DENV, ZIKV, YFV, Japanese encephalitis
virus (JEV), WNV, USUV and WSLYV; tick-borne flaviviruses
such as tick-borne encephalitis virus (TBEV), Kyasanur forest
virus (KFDV) and Powassan virus (POWV) and as well as lesser
known flaviviruses that include BANV, BAGV and SPOV.
Flaviviruses are further classified into serocomplexes
distinguishable by neutralising antibody reactivity and hence
indicate antigenic relationships and serological cross-reactivity
based on shared antigen. The amino acid sequence similarity of
the envelope (E) protein is approximately 70%-80% for virus
species within a serocomplex and 40%-50% between
serocomplexes.”®  Serocomplexes with known medical
significance include the Dengue virus group, yellow fever virus
group, Japanese encephalitis group, Spondweni virus group,
Ntaya virus group and mammalian tick-borne viruses (see
Figure 1 and Table 1). Figure 1 indicates the relationships of
representative members of each complex, based on analysis of
the complete polyprotein, indicating antigen relationships.
Table 1 shows the geographic distribution of selected mosquito-
borne members of each serocomplex relevant to South Africa,
selected medically significant tick-borne flaviviruses, an example
of an insect-specific flavivirus and one with no known vector.

Flaviviruses are also grouped by their clinical manifestations;
however, this depends on the virus and the affected
individual. Approximately 80%-85% of flavivirus infections
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TABLE 1: Geographic distribution of selected members of the family Flaviviridae and their hosts and vectors.

Classification Serocomplex  Virus Amplifying host  Vector Disease associations Geographic distribution (references)
Mosquito Japanese WNV Birds Culex (Cx.) quinquefasciatus, Causes fatal neurological Australia, Europe, India, Africa, Caribbean;
borne encephalitis Cx. pipiens, Cx. univittatus, Cx. theileri,  disease in humans, horses, Madagascar, North and South
virus complex Cx. modestus, Cx. perexiguus, Cx. neavei birds and dogs America®?021,22,23,24,25,26.27,28,29,30,31,32
usuv Various bird Cx. quinquefasciatus, Cx.neavei, Epidemic mortalities in South Africa, Senegal, Kenya, Burkina Faso,
species, Cx.univittatus, Cx. perexiguus, Eurasian blackbirds Turdus  Central
such as Cx.perfuscus, Cx.pipiens, Merula. Human cases of African Republic, Morocco, Cote d’lvoire,
passeriform Aedes (Ae.) caspius, neurological disease Uganda
and strigiform Mansonia(Ma.) africana Ae.albopictus, reported Nigeria, Tunisia, European countries such
Anopheles (An.) maculipennis, as Brazil, Italy334353637.38,39.4041
Coquellittidia aurites
JEV Wild and Cx. pipiens, Cx. quinquefasciatus, Causes fatal disease Asia, the western Pacific and northern
domestic birds Cx. vishnui, Cx. Tritaeniorhynchus, in pigs and humans Australia®**
— egrets and Cx. molestus, Ae. albopictus
herons
SLEV Birds — passerine  Cx. quinquefasciatus, Cx. pipiens, Human cases with USA#45
and columbiform  Cx. nigripalpus, Cx. tarsalis fatalities
species
Yellow fever BANV Rodents Cx. rubinotus Human cases of illness; South Africa, Angola, Namibia, Botswana,
virus complex no known mortalities Mozambique, Zimbabwe, Tanzania®4647:4849
WSLV Livestock Cx. univittatus Ae. circumluteolus, Infects humans and causes ~ South Africa, Botswana, Zimbabwe,
Ae. caballus, Ae. juppi, Ae. luridus, abortion in sheep, cows Mozambique, Thailand, Zambia®”*05152
Ae. mcintoshi, Ae. unidentatus, and goats
Ae. (Neomelaniconian) spp.
YFV Non-human Haemagogus spp, Ae. aegypti, Infects humans and causes ~ West and Central Africa,
primates such as  Ae. albopictus, Ae. africanus, Ae. mortalities tropical South America,
monkeys, furcifer/taylori, Ae. luteocephalus, Caribbean?*3545556:57,58,59
chimpanzees, Ae. leucocelaenus, Ae. metallicus,
baboons, bush Ae. opok, Ae. vittatus, Ae. simpsoni
babies and complex, Sabethes chloropterus
spiders
Ntaya virus BAGV Unknown Cx.univittatus, Cx.guiarti, Cx. ingrami, Causes mortalities in South Africa, West and Central Africa,
complex Cx. tritaeniorhynchus Cx.perfuscus, Partridges and Spain, the Arabian Peninsula, Portugal,
Cx. thallasius pheasants India and Spain®t6
IT™MV Unknown Ae. caspius, Cx. pipiens Causes neurological signs Israel and South Africa®®?
in turkeys and some captive
and wild pheasants and
partridges
Ntaya virus Unknown Cx. spp Can infect humans but not  Zambia, Cameroon, Uganda, Democratic
(NTAV) known to cause any disease Republic of Congo,
Nigeria, Kenya,
Romania®46>¢e
Spondweni SPOV Unknown Ma. uniformis, Ma. africana, Infects humans and causes  South Africa, Botswana, Namibia, Nigeria,
complex Ae. circumluteolus, Cx.neavei, illness Angola, Ethiopia,Burkina Faso, Cameroon,
Ae. cumminsii, Cx.univitattus, Gabon, Mozambique®”686%70
Er. silvestris
ZIKV Non-human Ma. uniformis, Ae. africanus, Infects humans and Asia Pacific, South and Central America,
primates Ae. aegypti, Ae. furcifer, Ae. albopictus, non-human primates moving into southern
Ae. opok, Ae. jamoti, Ae. flavicollis, areas of North America, East, West and
Ae. tarsalis, Ae. grahami, Ae. vittatus, southern Africa’.7%73747576,77,18
Ae. taeniorostris, Ae. fowleri,
Ae. dalziella, Ae. minimus,
Ae. luteocephalus, Ae. metallicus,
Ae. neoafricanus, An. gambiae,
Er. uinquevittatus, Er. inornatus
Dengue complexDENV 1-4  Humans Ae. aegypti Infects humans and causes ~ Widely distributed in most Africa countries,
fatalities tropical and sub-tropical Asia-Pacific,
north- east Australia; South and Central
America71,79,80,81
Tick borne Mammalian POWV Small to medium Ixodes spp. Infects and causes fatal United States of America, Canada, Russia
tick-borne virus mammals cases in humans and and Mexicco®#
complex mammals such as deer,
foxes and monkeys
KFDV Rodents, shrews, Haemaphysalis spinigera Haemaphysalis Infects humans and India®+8>86
bats, monkeys spp., Dermacentor, Rhipicephalus and mammals such as deer and
Ixodes genera domestic ruminants
TBEV Small rodents Ixodes ricinus, Ixodes persulcatus, Humans and wild mammals Italy, Austria, Belarus, Bulgaria, Germany,
and migratory Dermacentor reticulatus such as deer, sheep, goats  Czech Republic, Denmark, Estonia, Finland,
birds and cattle Croatia, France, Latvia, Lithuania, Hungary,
Netherlands, Poland, Russia, including
Siberia, as well as in parts of China and
Japan®’
Insect specific - Kamiti River - Ae. mcintoshi - Kenya®®#
virus (KRV)
No known Entebbe bat Entebbe bat Bat Unknown Unknown Uganda®®
vector virus complex  virus

Note: Please see the full reference list of the article, Sibanda-Makuvise A, Ndudzo A, Burt FJ. Flaviviruses of public health concern in South Africa: Present and future threats. 2025;40(1), a754.
https://doi.org/10.4102/sajid.v40i1.754, for more information.
ITMV, Israel turkey meningoencephalitis virus; WNV, West Nile virus; USUV, Usutu virus; JEV, Japanese encephalitis virus; SLEV, Saint Louis encephalitis virus; BANV, Banzi virus; WSLV, Wesselsbron
virus; YFV, yellow fever virus; BAGV, Bagaza virus; DENV, dengue virus; SPOV, Spondweni virus; ZIKV, Zika virus; POWV, Powassan virus; KFDV, Kyasanur forest virus; TBEV, tick-borne encephalitis virus.

are asymptomatic. Some flaviviruses are neurotropic, causing
syndromes
meningitis and acute flaccid paralysis, for instance, WNYV,

severe neurological

including

encephalitis,

http://www.sajid.co.za . Open Access

USUV, JEV and TBEV. Other flaviviruses cause visceral disease,
which results in haemorrhagic syndromes, liver failure and
vascular compromise, for instance, YFV = virus and POWV.
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Note: Phylogenetic analysis was conducted using molecular evolutionary genetic analysis (MEGA-11) software. The complete polyprotein amino acid sequences of flaviviruses were retrieved from
the National Center for Biotechnology Information (NCBI) database and aligned using Clustal W. The phylogenetic tree was constructed by using the maximum likelihood method, and the consensus
tree representing 200 bootstrap is presented.'®!71%1° The external branches represent the NCBI accession number and the virus species. The numbers next to each node represent a measure of

support for the node; 100 is maximum support.

SPOV, Spondweni virus; DENV, dengue virus; NTV, Ntaya virus; YFV, yellow fever virus; JEV, Japanese encephalitis virus; TBEV, tick-borne encephalitis virus.

FIGURE 1: Relationship of selected flaviviruses of public health significance, indicating antigenic relationship based on polyprotein analysis.

West Nile virus and Wesselsbron virus in
South Africa

West Nile virus was initially detected in 1937 in Uganda in a
febrile patient. Thereafter, epidemics have been reported in
Europe, Africa, North America, the Middle East and West
Asia. West Nile virus is a member of the JEV serocomplex
with nine phylogenetic lineages based on genetic sequence
variation, WNV lineage 1 to lineage 9 (WNV-L1 — L9).
WNV-L1 is divided into clades A, B and C; Clade A includes
strains from Africa, Europe, America and the Middle East,
and Clade B, also known as Kunjin virus, was isolated in
Australia and Clade C includes strains detected in India.”
WNV-L1 and L2 were detected in South Africa and are of
public health concern; they are the most pathogenic, widely

http://www.sajid.co.za . Open Access

distributed and implicated in several outbreaks
worldwide.”**? In addition to WNV-L1 and 1.2, L7 also known
as Koutango virus (KOUTV) and L8 circulate in Africa.”

There are other lineages that have not yet been associated
with human and/or animal disease and not isolated in
Africa: these include WNV-L3 (Rabensburg virus), detected
in the Czech Republic; WNV-L4, isolated and reported in
Russia; WNV-L5, isolated in India; WNV-L6, isolated in
Spain and WNV-L9, isolated in Austria.”*®% Viruses from
these lineages have not yet been associated with human or
animal disease.

West Nile virus is endemic to South Africa, particularly in
the Highveld and Karoo regions, where its primary vector,
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Cx univittatus, and avian hosts such as corvids, passerine
and raptors are prevalent.®” Other vectors of WNV
include Cx. theileri, Cx. pipiens, Cx. quinquefasciatus and
Aedes spp. mosquitoes.?*®”” Epidemics of WNV are
typically triggered by flooding and elevated temperatures,
which foster an ideal environment for vector breeding.
The largest WNV epidemic in South Africa occurred in
1974, resulting in over 10000 human cases across a 2500-
km? area of the Karoo and Northern Cape Provinces.?®
This was followed by a smaller epidemic between 1983
and 1984, coinciding with the Sindbis (SINV) virus
outbreak, in the Witwatersrand-Pretoria region, now
known as Gauteng.” SINV is an arbovirus from the family
Togaviridae. In all recorded epidemics, WNV infections
were self-limiting and primarily associated with mild
febrile illness; symptoms included rash, myalgia and
arthralgia, with no reported fatalities. Seroprevalence
studies revealed that 55% of humans and 53% of wild
birds in the affected areas tested positive for WNV, with
some regions reporting seroprevalence as high as 80% to
85%.” Prior to these epidemics, sporadic cases were
documented in the former Transvaal (Gauteng) and
Orange Free State (now referred to as Free State), and
serological surveys confirmed widespread WNV
distribution among humans and various animal species,
including cattle, horses and wildlife.*!%1!

West Nile virus outbreaks were recorded on the Highveld in
1974, where over 10000 febrile cases were reported; in 1984
and 2004, where hundreds of people were affected. In
addition to outbreaks, sporadic WNV cases are diagnosed by
the National Institute for Communicable Diseases (NICD).
Cases are usually confirmed by detecting immunoglobulin
M (IgM) antibody; however, serological cross-reactivity must
be considered when interpreting results. Cases have been
recorded from different provinces in South Africa, for
example, in 2017, a veterinarian from Mpumalanga province
who frequently performed bird-tagging and animal
autopsies, tested positive for WNV-specific immunoglobulin
M (IgM) and immunoglobulin G (IgG) antibodies by enzyme-
linked immunosorbent assay (ELISA)."? On a separate
occasion, a patient from a farm in the Northern Cape province
tested positive for WNV.!®?

In addition to the acute cases detected by NICD,
seroprevalence studies and vector surveillance have assisted
with identifying WNV in South Africa. A seroprevalence
study detected WNV antibodies in 7.9% of veterinarians in
South Africa, their distribution corresponding with reported
cases in WNV-positive animals.'™ A passive entomological
survey conducted from 2011 to 2018 detected WNYV in Cx.
univittatus, Cx. pipiens, Cx. theileri, Cx. poicilipes, Cx. simpsoni,
Cx. bitaeniorhynchus, An. gambiae and Aedes mosquitoes from
Limpopo, Mpumalanga and Gauteng provinces. The study
indicated the emergence of potential new mosquito vectors
in conservation and peri-urban areas.® Vector competency
studies are required to confirm the role of these mosquitoes
in the transmission and spread of WNV in South Africa.
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West Nile virus is neurotropic and affects humans, both
domesticated and wild animals and avian species. In humans,
approximately 80% of WNV infections are asymptomatic,
while 20%-25% develop West Nile fever, a self-limiting
condition characterised by high fever, headache, body aches,
maculopapular rash, nausea and vomiting.'® Only about 1%
of cases lead to serious neurological complications, including
encephalitis, meningitis, myelitis and acute flaccid
paralysis.”*'® Disturbingly, WNV has been detected in 3.5%
of unresolved cases of human neurological disease in
Gauteng provincial hospitals.!” In a separate study, WNV
was identified as the causative agent in 8% to 11% of
hospitalised patients from Mpumalanga and Gauteng
provinces presenting with acute febrile and/or neurological
symptoms.'” These findings indicate that WNV is overlooked
in neurological cases and should be included in diagnostic
tests. Horses are highly susceptible domestic animals and are
sentinels for WNV. Clinical signs in horses can range from
asymptomatic to severe neurological symptoms due to virus-
induced encephalitis.®!® In birds, WNV infections are
typically asymptomatic, but in the United States of America
(USA), species such as blue jays (Cyanocitta cristata) and
crows (Corvus brachyrhynchos) are highly susceptible, often
experiencing fatal neurologic disease.!®

West Nile virus is a zoonotic virus maintained in a sylvatic
cycle involving various avian and mosquito species.
Migratory birds such as corvids, passerines and raptors are
primary reservoirs and amplifying hosts, responsible for
long-distance dispersal of WNV. Cx. univittatus is the primary
vector'®!? and can transmit WNV to humans, horses and
other species through bites. These hosts are considered
‘dead-end’ as the levels of viraemia are below the threshold
level required to transmit to arthropods. Migratory birds
such as barn swallows, European rollers and bee-eaters play
a crucial role in WNV’s geographic distribution. Remarkably,
ticks have been found naturally infected with WNV; however,
their competency as vectors remains poorly understood.™
Human-to-human transmission of WNV has been recorded
through organ transplants, blood transfusions>"* and
breast milk,"> with one report of mother-to-child
transmission."

Wesselbron virus was initially isolated from infected sheep
in 1955 in the small rural town of Wesselsbron, in the northern
district of the Free State, South Africa. This initial outbreak
was marked by significant mortality in newborn lambs and
abortions in pregnant ewes."” Wesselsbron virus causes
abortion and the death of newborn offspring in cattle, sheep
and goats. In 1956, WSLV antibodies were detected in sheep
during an Rift Valley fever (RVF) outbreak in Kroonstad,
northeast of Wesselsbron. Since then, WSLV has been
identified in various vertebrates, including cows, sheep and
humans.

Wesselsbron virus is primarily transmitted by infected
Aedes mosquitoes, with Culex, Anopheles and Mansonia also
implicated. Reservoirs include domesticated ruminants, wild
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birds and rodents.® The levels of viraemia in sheep and
cattle can reach threshold levels that are sufficient to infect
mosquitoes.’® Humans can contract WSLV through mosquito
bites or handling infected tissues. There are no reports of
human-to-human transmission.

Initially, seroprevalence studies indicated that WSLV
circulated predominantly in the more tropical parts of South
Africa, such as KwaZulu-Natal. Cattle, sheep, goats and
donkeys were infected due to the ecological niche of mosquito
vectors such as Ae. circumluteolus, Ae. mcintoshi and
Ochlerotatus juppi” ™ In contrast, more temperate plateau
regions such as the Free State, Karoo and Gauteng province
had a lower seroprevalence. Similarly, serological studies on
humans from KwaZulu-Natal, the southern Cape, revealed
WSLV prevalence rates of 32% and 0.7%, respectively. The
high variance in the WSLV prevalence rates in two places is
attributed to factors such as vector distribution, human
activities and environmental conditions. A seroprevalence
study, using an indirect IgG ELISA, from the Free State
recorded a high seroprevalence rate of 27.6% (54/196) in
humans, 19.3% (396/2052) in cattle and 1.1% (1/88) in sheep.
Although neutralisation assays were not carried out for
accurate confirmation of results, the ELISA used a
recombinant ED III antigen, which can differentiate between
flaviviruses.!™ The high serodetection rate may have been
due to including samples collected after the 2010-2011 RVF
outbreak, when there was excessive rainfall that likely
favoured increased mosquito populations and potential for
other arboviruses, such as WSLV, to occur. Differences in
sample collection times and geographic location are possible
explanations for the high variance observed inseroprevalences
between species. During the 2010-2011 RVF outbreak, two
human cases of Wesselsbron disease were reported in South
Africa.”® Like WNV, WSLV is implicated in neurological

equine disease.'®

The actual burden of WSLV is unknown due to serological
cross reactivity with other flaviviruses and similar clinical
presentation in livestock to RVFV, therefore misdiagnosed if
not specifically tested. WSLV and RVFV often occur
concurrently and are transmitted by similar vectors."” A
wide range of domestic animals, such as cattle, sheep, camels,
pigs, goats, donkeys and horses, are susceptible to WSLV
infection, with WSL disease being particularly significant in
sheep in South Africa." In humans, WSLV infection typically
manifests as a sudden onset of influenza-like symptoms,
including headache, fever, myalgia, rigours and arthralgia."

Flaviviruses known or potentially causing
disease in South Africa

Usutu virus (USUV), SPOV, BAGV and BANV are lesser-
known flaviviruses previously detected in South Africa, but
their current status is unknown.

Usutu virus

Usutu virus is a member of the JEV serocomplex, which is
classified into eight distinct genetic lineages; namely, three
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African (AF1 -3) and five European (EU1-5). Usutu virus is
phylogenetically close to WNV, sharing approximately 76%
of its amino acid sequences.'*

Usutu virus is a zoonotic pathogen, first isolated in South
Africa in 1959 from Cx. neavei mosquitoes. Like WNV, USUV
is primarily transmitted and maintained between vectors,
that is Culex species and birds as the amplifying hosts.
Incidentally, USUV is transmitted to humans and animals
during their blood meal. Usutu virus isolates have
been obtained from various mosquito species, including
Cx. pipiens, Cx. perexiguus, Cx. perfuscus, Coquillettidia aurites,
Ae. caspius, Ae. albopictus, and Ma. africana in other regions. %
A study in Germany demonstrated that USUV can infect
bats, making them possible amplifying hosts.*

Usutu virus is an endemic virus in the European continent,
with phylogenetic studies indicating its introduction from
Africa. Usutu virus was first detected in Spain in the 1950s
and later detected between 1970 and 1980 in Italy and
Austria.” It is suspected that long-distance migratory birds
such as the babbler (Sylvia curruca) and/or the kestrel (Falco
tinnunculus) introduced USUV into Europe, where resident
wild birds such as blackbirds, magpies or sparrows
distributed the virus throughout the continent.

Even though avian species are a reservoir for USUV, some
avian species, such as Eurasian blackbirds (Turdus merula),
sparrows (Passer domesticus) and great grey owls (Strix
nebulosa), are highly susceptible to USUV infections.'? This
supports the recent introduction with insufficient time for co-
evolution of the virus and the avian species. Usutu virus
outbreaks have been recorded in Italy and Austria among
grey owls (Strix nebulosi), sparrows (Passer domesticus),
Eurasian blackbird (Turdus merula) and other blackbird
populations.”*'* In addition, USUV has been detected in
bats, birds, horses and mosquito vectors in European
countries such as Spain, Austria, Switzerland, Hungary, the
Czech Republic, Germany and Belgium. Locally acquired
cases of USUV infection have been reported in Italy, causing
meningoencephalitis in immunocompromised human
patients.!?124

In South Africa, USUV shares the same vectors and hosts
with WNV; hence there is potential for this virus to occur.
However, in the absence of awareness, absence of diagnostic
testing and serological cross reactivity with WNV in
surveillance studies resulting in possible misinterpretation of
tests, it is unknown if USUV is currently circulating in the
country. Symptoms of USUV infections in humans in Europe
range from mild or asymptomatic to severe neurological
disease. The association of USUV with severe neurological
disease warrants further investigation in South Africa.

Spondweni virus

Spondweni virus is a zoonotic pathogen transmitted and
maintained in a sylvatic cycle between mosquito vectors and
NHPs. Spondweni virus was initially isolated from a pool of
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Ma. uniformis mosquitoes caught in the subtropical northern
KwaZulu-Natal.®® Initially, SPOV was mostly isolated from
Ae. circumluteolus and other mosquito vectors, including Ma.
africana, Ae. cumminsi and Er. Silvestris.®> Due to its vector
biology, the potential for urban SPOV epidemic cycles was
deemed low; concurring serological studies in the same
region indicated very low seroprevalence.®®

However, recent epidemiological changes have led to the
detection of SPOV in anthropophilic mosquitoes such as
Cx. quinquefasciatus in Haiti.'"® In South Africa, SPOV has
been isolated from Ae. cumminsi, Ae. circumluteolus, Cx.
univittatus, Cx. neavi, Er. silvestris, Ma. africana and Ma.
uniformis. Vector competency studies demonstrated low
infection and dissemination rates in Cx. quinquefasciatus,
Ae. albopictus and Ae. aegypti post exposure to moderate
oral doses of infectious SPOV, suggesting that the virus
can potentially adapt to Ae. aegypti as a vector, which
would impact the potential for spread.” Ae. aegypti, a
vector for ZIKV, YFV and DENYV, is an invasive urban
mosquito that breeds in human-made containers, lives
close to people and has a blood meal from humans and/or
animals, consequently facilitating the urban transmission
of arboviruses.

Symptoms of SPOV infection typically present as acute
febrile illness, including headache, fever, chills, nausea,
myalgia, arthralgia and a maculopapular, pruritic rash.®!%
While most cases are mild, some can progress to vascular
leakage, shock or neurological involvement, particularly
in immunocompromised patients. There is an incident of
two laboratory staff members who presented with
illness after handling infected materials at Ndumu in
South Africa.®® Spondweni virus causes fetal harm in an
immunocompromised mouse model, deficient in type I
interferon signalling, suggesting potential for similar

effects in humans during pregnancy.'*

Bagaza virus

Bagaza virus is a member of the Ntaya serocomplex, which
causes neurological disease in avian species, particularly
turkeys and other Phasianidae family. Bagaza virus is closely
related to Israel turkey meningoencephalitis virus (ITMV);
they have a nucleotide similarity of 96 to >99%.” Due to
their high similarity index, it has been proposed that ITMV
and BAGYV are treated as one species.'?

Bagaza virus was initially isolated in South Africa in 1978
from turkeys exhibiting clinical signs akin to those of the
ITMV.® It was later detected in dead Himalayan monal
pheasants with neurological symptoms in 2016-2017.'%
Recently, BAGV was isolated from mosquitoes collected
from an urban site in Bloemfontein.” The isolate, VBD
74/23/3, was closely related to ZRU96/16/2, isolated from
dead Himalayan monal pheasants with neurological
symptoms in 2016-2017 and MP-314-NA-2018, an isolate
from mosquitoes in northwestern Namibia with genetic
distances of 0.0085 and 0.016, respectively.
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Bagaza virus is an emerging pathogen that causes febrile
illness in humans. It was known to occur mainly in Africa
until its recent discovery from Cx. tritaeniorhynchus mosquito
pools in India. Concurrently, 15% of patients with acute
encephalitis tested positive for BAGV neutralising
antibodies,* indicating that BAGV might be causing acute
encephalitis in these patients.

Banzi virus

Banzi virus was initially isolated in 1956 from a febrile child
in South Africa. Subsequent serological studies in northern
KwaZulu-Natal indicated that humans were previously
infected with BANV, with neutralising antibodies detected
using mouse protection tests.” Banzi virus is transmitted and
maintained in a sylvatic cycle between Cx. rubinotus
mosquitoes as the primary vector and rodents as natural
hosts, with infrequent human feeding. Recent entomological
surveys detected BANV in mosquitoes from peri-urban and
conservation areas in South Africa.® However, information
on its clinical presentation in humans and animals is limited,
with only one other reported case of febrile illness in
Tanzania.

Factors responsible for the emergence of
flaviviruses

Flaviviruses are arboviruses with three overlapping
transmission cycles: sylvatic, rural and urban, with different
vectors and hosts involved in each «cycle and
location.’” Arboviruses are transmitted to humans, birds,
livestock and NHPs, which act as reservoir or amplifying
host through bites of hematophagous vector arthropods
such as ticks and mosquitoes. The sylvatic transmission
cycle is maintained between the arthropod vector
(mosquitoes or ticks) and a reservoir or amplifying host
such asNHPs, rodents, birds and bats. In a rural transmission
cycle also known as the emergence zone, human activities
such as hunting, farming and herding encroach on the
sylvatic transmission cycle with humans infected through
arthropod bites. The urban transmission cycle involves
‘domesticated” mosquitoes, the mosquitoes that breed on
stagnant water around human settlements as vectors and

humans as hosts.'?

Many arboviruses, including flaviviruses such as YFV, ZIKV
and WNV, have escaped from their sylvatic cycle and spread
globally as a result of anthropogenic factors such as climate
change, urbanisation, population growth, global travel and
most significantly, viral mutations allowing adaptation to
new vectors.®! Increased ambient temperatures and
flooding as a result of climate change create favourable
environments for flavivirus vectors, thereby heightening the
risk of vector-human interactions and subsequent infection
surges.?!® Additionally, migration and/or displacement of
people and livestock from one place to another (change in
land use) due to climate disasters such as flooding and
drought can trigger outbreaks of infectious diseases.
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The rising human population, particularly in densely
populated cities like Johannesburg, exacerbates the
emergence of flaviviruses. Overburdened sewage systems in
these urban areas frequently burst, resulting in standing
water in the streets, ideal breeding grounds for mosquitoes.
In addition, authorities are expanding urban areas into
previously protected wild habitats, increasing opportunities
for arthropods to interact with wildlife and humans, further
elevating the risk of transmission.

Moreover, the international movement of people, livestock
and cargo facilitates the dispersal of vectors and pathogens
to new regions, leading to the emergence of infections in
previously unaffected areas. Changes in viral genetics are
particularly concerning, as they could result in the
development of new variant strains with heightened
virulence and viraemia levels in vertebrates. For example,
WNV-L2 was considered less virulent than WNV-L1 before
the occurrence of the six amino acid substitutions at
E(V159I), NS1 (L338T), NS2A (A126S), NS3 (N421S), NS4B
(L20P) and NS5 (Y254F) proteins. Amino acid substitutions
resulted in increased virulence, causing serious disease in
South Africa and other countries among humans, horses
and birds.’® Genetic mutations also enable viruses to
adapt and live in new environments and infect different
hosts and vectors, enhancing vector competence and
transmission rates. Lastly, the development of pesticide
resistance among vectors poses a significant challenge,
complicating vector management and contributing to the
emergence of flavivirus outbreaks. For instance, insecticide
resistance has been recorded in some flavivirus vectors

such as Cx. quinquefasciatus, Cx. pipiens, Ae. albopictus and
Ae. uegypt.135'13‘"137'138'139'140'141'142'143

Detection and diagnosis

In South Africa, arthropod survey studies collect mosquitoes
and ticks in January to April and November to December
(highly dependent on rains for the year), when it is wet and
warm, tick and mosquito season. Arboviral infections such
as WNYV are recorded by the NICD at this time. During the
mosquito and tick season, an arboviral infection should be
suspected when a patient presents with flu-like symptoms
such as fever, headache, muscle pains and even seizures
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and neurological signs. The gold standard for accurately
diagnosing flavivirus infections is viral isolation in culture.
However, this method requires skilled personnel to
maintain the virus viability without contamination, is time
consuming and necessitates specialised biosafety and
containment facilities that are often unavailable in resource-
limited settings. Nucleic acid amplification tests (NAAT)
have emerged as the most rapid and accurate diagnostic
tools, offering the advantage of detecting both viable and
non-viable infectious agents.!** Detection of viral nucleic
acids in vectors and tissues from infected humans or
animals such as the spleen, brain, serum, liver and
cerebrospinal fluid (CSF) is carried out by reverse
transcription-polymerase chain reaction (RT-PCR) followed
by sequence analysis.#>146147.148

A significant challenge with nucleic acid detection and viral
isolation for diagnostic purposes is that viraemia may be
very low, as severe symptoms often develop only after
viraemia has declined to undetectable levels.”* Consequently,
serological testing of serum and/or CSF for antibodies
remains crucial in surveillance studies.'”™ However, results
must be interpreted cautiously due to potential cross-
reactions stemming from antigenic similarities among
different flaviviruses. Consequently, a positive viral-specific
IgG and IgM test should be confirmed with a neutralising
antibody test to prevent misdiagnosis due to serological
cross-reactivity. In South Africa, certain private and public
laboratories offer both serological and PCR tests for
flaviviruses such as ZIKV, DENV, YFV and WNYV, at the
discretion of the examining doctor. There are various
commercially available ELISA kits (Table 2) to detect
flaviviruses; however, neutralisation tests are required to
accurately differentiate between flaviviruses. These kits are
quite expensive and laboratories from low-income countries
frequently cannot afford them, and many rely on in-house
assays. In South Africa, the NICD offers a diagnostic service
based on NAAT and serology, for selected arboviral
infections known in the country or with potential to occur in
travellers from endemic regions.

Additionally, post-mortem histopathological examinations
and immunohistochemistry using formalin-fixed tissue
samples of animal tissues such as brain, spleen and liver

TABLE 2: Commercial enzyme-linked immunosorbent assay kits available in South Africa for the detection of flaviviruses.

Kits Coat protein Brief description

ID Screen® Flavivirus Competition pr-E antigen A competitive ELISA kit that detects anti-pr-E flavivirus antibodies of WNV, JEV, TBEV, JEV,
USUV, ZIKV and DENV in multiple species

ID Screen® West Nile Competition pr-E antigen A competitive ELISA kit that detects anti-pr-E antibodies in multiple species. The kit

multi-species

ID Screen® West Nile IgM Capture Anti-horse I1gM polyclonal antibody
Panadea WNV Lin 1/2 (NS1) Combo NS1

1gG ELISA Kit

WNV Antibody Test Kit, ELISA, InBios Not stated

International, Inc

West Nile Detect™ 1gG ELISA Not stated

Anti-USUV ELISA (1gG), EUROIMMUN Recombinant USUV structural protein

detects WNV, JEV, TBEV, JEV, USUV, ZIKV and DENV antibodies in multiple species,
including humans

1gM Antibody Capture ELISA (MAC) kit that detects anti-prE IgM antibodies in horse
serum and plasma, indicating recent infection

This kit is based on the patented IgG FcyR ELISA technology intended for qualitative
detection of IgG antibodies against WNV-L1 and WNV- L2

A kit designed to detect recent exposure of horses to WNV by detection of IgM
antibodies in equine serum to WNV-derived recombinant antigen

A kit used to detect antibodies in human serum to WNV-derived recombinant antigen

A semi-quantitative or quantitative in vitro assay kit for the detection of human 1gG
antibodies against USUV in plasma or serum

ELISA, enzyme-linked immunosorbent assay; WNV, West Nile virus; USUV, Usutu virus; JEV, Japanese encephalitis virus; DENV, dengue virus; ZIKV, Zika virus; TBEV, tick-borne encephalitis virus.
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from suspected cases can be used for detection, with
confirmation by nucleic acid amplification followed by
nucleotide sequencing.

Preventative measures and therapeutic
strategies

Preventing flavivirus infections in humans and animals
primarily relies on effective mosquito vector control
programmes. In addition, mosquito bite prevention measures,
including repellents, sleeping under nets, putting animals in
enclosed structures during the night and avoiding low-lying
wetland areas, can significantly reduce their interaction
with vectors. Veterinary and laboratory personnel handling
infected or potentially infected tissues and materials must
wear personal protective equipment, such as gloves, masks
and face shields, to prevent contact with the virus and should
avoid procedures that aerosolise the virus. In some countries,
blood donors returning from WNV-afflicted areas are
excluded to avoid transmission of WNV during blood
transfusion. Although rare, human-to-human transmission
has been recorded for WNV in the USA.**!

Continuous use of repellents and insecticides has raised
challenges such as resistance and environmental harm.
Therefore, biological control measures such as gene editing
to obtain sterile male mosquitoes are being evaluated in
Tanzania, while Wolbachia-based approaches have been
adopted by countries such as Indonesia, Vietnam, Malaysia,
Thailand and Taiwan."? Wolbachia pipientis, an obligate
intracellular mosquito parasite, uses two mechanisms
to reduce the transmission of arboviruses: it induces
cytoplasmic incompatibility and produces an infertile
progeny from an uninfected female and a Wolbachia-infected
male, thus reducing the vector population. Wolbachia
infection also blocks the replication of pathogens such as
viruses in the mosquito, reducing the efficiency of vectors.

Flavivirus vaccine development is a critical concern, especially
for ZIKV and DENYV, due to the complexity of the immune
response and the severity of the disease outcomes. At present,
Q-denga (TAK-003), a live attenuated vaccine containing
DENYV 14 serotypes for children between 9 and 16 years, is
available for DENV. There are also highly effective and safe
vaccines against some flaviviruses, such as YFV and JEV, for
humans. The live attenuated 17D-204 YF vaccine developed
by weakening the Asibi yellow fever strain through serial
passaging of cell cultures has been used since 1938. The vaccine
provides lifelong protection for 80%-90% people within
10 days of vaccination. Even though there are antigenic
similarities in flaviviruses, the 17D-204 YF vaccine does not
offer reliable cross-protection against ZIKV, DENV and WNV.
However, some flavivirus vaccines provide some cross-
protection to related viruses and/or within the same
serocomplex in other models. For instance, WNV vaccination
offers protection against USUV disease in mice'® and also, JEV
and Saint Louis encephalitis virus (SLEV) vaccination provided
protection to lethal WNV challenge in a hamster model.’>*
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Currently, there are no licensed vaccines for humans against
WNYV, WSLV, USUV, BAGV, SPOV or BANV. However, a
number of WNV vaccines have gone through human clinical
trials, such as VRC-WNVDNAQ20-00-VP, HydroVax-00,
Chimerivax-WNV02 and rWN/DEN4A30 and a DNA
vaccine encoding WNV prM/E. Among these, ChimeriVax-
WNV02 is the most promising candidate assessed in phase II
clinical trials." Currently, there is an FLAVIVACCINE
project that aims to develop a broad-spectrum, mosquito
saliva-targeted vaccine that protects against multiple
flaviviruses.

For veterinary use, a live, attenuated WSLV vaccine exists for
non-pregnant animals, providing lifelong immunity."” WNV
vaccines, including West Nile-Innovator DNA vaccine (Fort
Dodge Animal Health, commercialised by Pfizer) and
Recombiteck Equine West Nile Virus Vaccine, produced by
Merial-Sanofi Aventis,**'% available for use in South Africa.

Currently, there are no specific antivirals against flaviviruses.
In general, antivirals are designed to interfere with critical
stages of the virus life cycle, that is, replication, protein
synthesis, assembly, entry and virus egress. Research in this
field is ongoing, with a lack of funding to assess antivirals
through all the clinical stages a major obstacle. A number of
compounds have been evaluated for the antiviral efficacy
only in in vitro, in vivo and first-stage clinical trials. Notably,
ZIKV-Ig (ZIKV), TY014 (YFV) and Tyzivumab (ZIKV) were
assessed in first-stage clinical trials.'® Some Food and Drug
Administration (FDA)-approved drugs, such as Dasabuvir,
Efavirenz and Tipranavir inhibit replication of multiple
flaviviruses in vitro.'” Dasabuvir, an antiviral drug against
the hepatitis C virus (HCV), demonstrated strong and
antiviral effects against ZIKV, WNV and TBEV in Vero cells.
Tipranavir, an antiviral for treating human immunodeficiency
virus (HIV) infection, had antiviral effects against ZIKV and
TBEV in Vero cells. Another antiviral agent for treating HIV,
efavirenz, demonstrated antiviral effects against TBEV,
WNYV, ZIKV, DENV and YFV in Vero cells.”” Interestingly,
targeted therapies, including monoclonal antibodies directed
against the flavivirus surface E glycoprotein and non-
structural protein 1 (NS1), have been shown to be effective
against WNV in mice.'®

Recommendations

To effectively address the public health threats posed by
flaviviruses in South Africa, several key recommendations
should be implemented. Initially, it is essential to establish
and maintain robust One Health surveillance programmes
that monitor the prevalence and spread of flaviviruses in
both human and animal populations.’ Such surveillance
should include syndromic screening for lesser-known
flaviviruses such as BANV, BAGV, WSLV and USUV. In
addition, investing in the continuous development and
validation of molecular diagnostic tools tailored to detect
local strains of flaviviruses is crucial. This investment will
help reduce misdiagnosis and improve the accuracy of
surveillance efforts. Public awareness campaigns should also



http://www.sajid.co.za

be implemented to educate the public and healthcare
professionals about flavivirus transmission, symptoms and
preventive measures. Emphasising the importance of
avoiding arthropod bites and using protective clothing can
significantly reduce infection rates.

Furthermore, prioritising research and development of
effective vaccines for humans against flaviviruses is vital,
particularly for those that currently lack licensed vaccines.
Investigating the potential for cross-protection among
flavivirus vaccines, as observed with USUV and WNYV,
should also be a focus. A One Health approach with
collaboration between public health and veterinary
services is essential to ensure a comprehensive approach
to flavivirus management. This includes implementing
vaccination programmes for animals and monitoring
zoonotic transmission. Additionally, clinical guidelines to
diagnose and manage flavivirus infections should be
regularly reviewed and updated to incorporate the latest
research findings and technological advancements.

Conclusion

Flaviviruses present significant public health threats in South
Africa, with the potential for re-emergence and rapid spread
exacerbated by environmental and societal changes. While
WNV remains the most recognised flavivirus'* the
presence of lesser-known variants highlights the need for
heightened vigilance. Effective surveillance, accurate
diagnostic tools and public education are crucial in mitigating
the impact of these viruses. Moreover, the development of
vaccines and therapeutic agents is essential to protect both
human and animal health. By adopting a proactive and
collaborative approach, South Africa can better prepare for
and respond to the challenges posed by flavivirus infections,
ultimately safeguarding public health and economic stability.
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