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Abstract

Introduction: dengue cases occur frequently in
Kenya, although the trend is not uniform across
the country, making this infectious disease a major
public health problem that is transmitted without
detection. The purpose of this review study was to
determine the seroprevalence of dengue virus
(DENV) infection in the Kenyan population during
the last ten years to reveal geographical areas
with unreported dengue fever activity. For that
purpose, this review describes the recent (2010 to
2020) DENV incidences, methods of detection, and
the circulating genotypes in Kenya. Methods:
studies were identified to summarize reported
dengue fever infections and epidemic activities in
Kenya using a search approach (terms “Dengue”,
“Dengue Virus” and “DENV” in combination with
“Infection in Kenya”). All published studies
between 2010 and 2020 retrieved through search
engines PubMed, Google Scholar, Researchdlife,
and ScienceDirect were screened for eligibility.
Results: a total of 21 eligible articles containing 24
studies, covering five general geographic regions
and 39 sampling sites, were included in this review.
The results indicate a surveillance gap in dengue
fever infection serosurvey in Kenya. There was
transmission between epidemics in the reported
areas. Seroprevalence ranged from 0.4% to 100%
during outbreaks. Coast region was the most
studied region with Mombasa being the most
sampled site. Conclusion: about 76.6% of Kenyan
Counties' DENV seroprevalence status was found
to be unknown or unreported. In addition, DENV
infection was unrecognized and/or unreported in
most areas of the country, especially rural Kenya.
This information may serve as a basis for better
awareness and detection of DENV infection during
outbreaks and in establishing appropriate
prevention and control measures to further avoid
outbreaks.

Introduction

Dengue virus (DENV) is an arthropod-transmitted,
positive stranded RNA virus of the family

Flaviviridae and the genus flavivirus. It is
delineated into four serotypes (DENV-1 through
DENV-4), all of which are transmitted by Aedes
mosquitos, mainly Aedes aegypti and to a lesser
extent by Aedes albopictus [1]. Each of the four
serotypes has ability to cause self-limiting fevers
and fatal conditions such as dengue hemorrhagic
fever (DHF) and dengue shock syndrome (DSS) [2].

Globally, DENV infections are estimated to be 100
to 400 million infections per year. DENV is
endemic in more than 100 countries in Africa,
America, Eastern Mediterranea, South-East Asia,
and Western Pacific, with Asia representing
approximately 70% of the global disease burden. It
is reported to be spreading to previously
unentered regions such as Europe, France, Croatia,
and Afghanistan [3]. Reported cases have
increased from 505,430 in 2000 to 5.2 million in
2019 [4]. Brady et al. model estimates 390 million
DENV infections per year, out of which 96 million
manifest clinically [5]. Africa has reported 45 DENV
outbreaks between 1960 and 2020, out of which
17 occurred in East Africa and 16 in West Africa.
About 2,211 cases were reported in the same
period, with 1954 (88.4%) reported during
outbreaks [2]. Kenya has experienced substantial
DENV infections and outbreaks since 1982 [6-10].
Climate change is associated with changes in
seasonal weather patterns with subsequent
impacts on the suitability and temporal as well as
spatial distribution of these infections [11].

DENV infection is a major world public health
problem [3], and Kenya has not been spared,
reporting an enormous burden. A study among
children with undifferentiated febrile illness in
Kenya reported more than 40% infection out of
1,022 febrile children [12]. In another study, 40%
(345/868) of febrile patients tested positive for
dengue [6]. Additionally, during 2017 DENV
outbreak, 56% (672/1,199) of suspected patients
were DENV positive [13]. Although disease
manifestation during the outbreaks have not been
reported to be severe, DENV infection
complications progressing to dengue hemorrhagic
fever and deaths have been reported [9,13,14].
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Precipitous  climate  change, uncontrolled
urbanization, travelling within endemic areas,
movement of populations, and massive
deforestation are among several factors that have
been associated with flavivirus infection and
transmission [15]. Although reliance on household
water storage has been associated with increased
exposure to flaviviruses [16], and transmission
determined by vector abundance which differs
regionally in Kenya [17,18], a better clinical
characterization of these infections is desirable to
improve the quality of care given to patients [19].
Reported DENV outbreak challenges include
limited laboratory capacity for testing suspected
samples, limited essential supplies for dengue
fever diagnosis, confirmation, and treatment, and
weak rapid response capacity. The latter is
occasioned by limited training, vyet a
multidisciplinary team of experts is required for an
effective response to an outbreak [13].

The endemicity of DENV in Kenya is
undisputable [1,9], but the prevalence data
currently available does not accurately represent
the severity of exposure, infection, disease, and its
variation by region [6,20]. There is more
dengue in Kenya than indicated by public health
reporting [21], resulting in scanty information
available regarding the incidence of dengue across
Kenya. DENV infections in Kenya could be
unrecognized and misdiagnosed [12,14,22,23]. In
addition, dengue virus could be circulating at low
levels in most areas in Kenya, with a possibility of
an outbreak at any time. In a case scenario,
studies in unreported non-epidemic settings have
reported DENV seropositivity [23]. To fill the
surveillance gap, areas in the country where
testing has never been carried out need to be
revealed. This can inform national control
strategies to consider these areas as priority for
surveillance to put in place preventive measures to
avert future outbreaks. In addition, there is need
to detect the burden of DENV disease throughout
the country to provide effective control measures
targeting appropriate vectors. This can be done by
mapping out neglected, unreported and non-

epidemic areas which are potential “breeding
grounds” for DENV outbreaks.

Therefore, to redress the dearth of Kenyan DENV
regional seroprevalence information, the objective
of this review was to describe the recent (2010 to
2020) DENV incidences and epidemic activities,
methods of DENV detection, and the circulating
genotype in humans. The information may serve
as a basis for better awareness and detection of
DENV infection during outbreaks and in
establishing appropriate prevention and control
measures. The study narrowed to DENV infection
in the last decade (2010 - 2020) since prior to that,
there were limited reports on DENV infection in
Kenya. The first recorded case was in 1982
reported in Malindi and Kilifi Counties at the
Kenyan coast involving DENV-2 [24], and the same
serotype was again reported in Kilifi much later in
1997 [25]. But in the last decade, several
outbreaks have been reported [6,9,13,14,26-28],
probably due to improved diagnosis, more
surveillance, and increased spread of the virus
because of human movement from endemic to
non-endemic areas.

Methods

Search strategy and selection criteria

We carried out a search for all published studies
on DENV in Kenya conducted between 2010 and
2020, retrieved through search engines PubMed,
Google Scholar, Research4life, and ScienceDirect,
with reference to the Preferred Reporting ltems
for Systematic reviews and Meta-Analysis
(PRISMA) guidelines where applicable [29], with
our inclusion and exclusion criteria (Table 1). The
databases were queried to search the titles and
abstracts using the keywords “Dengue”, “Dengue
Virus” and “DENV” in combination with “Infection
in Kenya”. The “publication date” filter was set at
2010 - 2022. Identified relevant studies were
screened and filtered for eligibility using a four-
step search strategy of PRISMA (Figure 1), i.e.,
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identification, screening, eligibility, and inclusion
of studies.

Data analysis

All eligible full articles were analyzed for DENV
infection and/or epidemic activity capturing
information regarding the broad regional set-up,
study site, period of study, study population,
sample size, number of DENV positive cases, case
identification procedure, serotype and genotype,
and study ID.

Quality assessment

The methodological quality of selected DENV
infection seroprevalence studies was evaluated by
two reviewers using a quality assessment checklist
adapted from Hoy et al. (Table 1) [30]. Risk of bias
was assessed using nine domains with risk of bias
levels being low (score = 0) or high (score = 1), and
the overall risk of bias defined as low (score 0-3),
moderate (4-6), and high (7-9). Discrepancies
between the two scores were resolved through
discussion with a third reviewer. Both assessors
rated 10 studies as low risk of bias, and 14 studies
as moderate risk of bias. Overall risk of bias was
low (3) (Table 2).

Results

Four hundred and fifty-three (453) records from
PubMed (84), ScienceDirect (68), Research4life
(151), and Google Scholar (150) were identified
through database search. The latter had an
enormous  volume of records (11,801)
necessitating narrowing the search selection to
“relevance” to research articles only without
reviews, finally yielding the 150 articles. After
de-duplication, a total of 337 original titles were
selected for abstract review. The abstract review
resulted in the exclusion of 284 reports, remaining
with 53 full text articles for assessment for
eligibility. Out of these, 32 full text articles were
further excluded for several reasons. To highlight
the reasons, some articles were pre-prints or
poster presentations; others were generalized

studies on flavivirus not specific to DENV. Also,
some articles were retrospective studies done in
the period 2010-2020, but using data collected
outside the study period. In addition, there were
articles evaluating economic burden of DENV
infection, characteristics of DENV vectors, single
DENV patient case study, non-human DENV
infection, DENV infection in vector mosquitoes,
DENV infection manifestations, dengue vector
entomological studies among others. Assessment
was conducted on a total of 21 remaining eligible
articles (Figure 1), which satisfied our selection
criteria (Table 1).

Reported DENV infections (2010 - 2020)

The 21 eligible full-text articles for analysis
contained 24 studies, covering 5 broad
geographical regions in Kenya, with 39 sampling
sites. Of the 5 regions, Coast was the most studied
with 21 studies, followed by Western (12), North-
eastern (4), Central (2), while Rift Valley was the
least studied (1). Most of the sampling sites were
studied more than once (Table 3), with both
Mombasa and Chulaimbo having the highest
(5 and 4 respectively). Of the 47 counties in Kenya,
DENV seroprevalence was studied in only 11
counties (23.4%). These were 5 counties in the
Coast region (Mombasa, Kilifi, Lamu, Taita-Taveta,
and Kwale), 2 in Western Kenya (Kisumu and
Busia), 2 in North-Eastern (Mandera and Wajir), 1
in Rift Valley (Trans-Nzoia), and 1 in Central
(Nairobi) (Figure 2). There were 24 study periods,
with a lot of overlap, from 2010 to 2019. Most
studied periods fell in 2014 (11), while others were
2010 (5), 2011 (7), 2012 (1), 2013 (1), 2015 (4),
2016 (4) 2017 (6), 2018 (1), and 2019 (1). Of the 24
studies analyzed in this review, 18 were carried
out during inter-epidemic DENV transmission
periods (Table 3).

Reported DENV Epidemics (2010-2020)

There were eight sporadic outbreaks reported
during the study period, including 2 reported by
WHO [13] (Table 4). DENV-2 featured in 7 out of 8
outbreaks, the exception being the South Coast
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(Mtongwe) DENV-3 outbreak in March 2019 [27].
DENV-3 and DENV-1 featured in 4 and 2
outbreaks, respectively. Disease manifestation
during the outbreaks were not severe
although there were reports of hemorrhagic
manifestations [9,14], and two fatal cases [13,14].
Co-infection with more than one serotype was
detected is some outbreaks involving DENV-2 and
3 [3], and DENV-1 and 2 [12]. Twenty-three
percent (23%) mixed infection with malaria among
laboratory-confirmed dengue patients was also
reported in another study [9]. Reported
interventions included supply of rapid dengue
diagnostic kits to local health clinics and dispatch
of response teams tasked with initiating
community sensitization on infection prevention,
mosquito control activities [6], and indoor as well
as outdoor residual spraying by health
authorities [9].

Methods of DENV detection

In this study, there were three study designs:
community-based serosurveys, health facility-
based surveillance, and retrospective studies. Of
the 24 study periods, 17 designs were health
facility-based fever serosurveys, 4 community-
based serological surveys, and 3 retrospective
studies. The total sample size studied was 20,885
individuals with 3,092 DENV positive cases. Data
for ratio of male to female positive cases was
incomplete, but from the studies that were
complete, healthy facility-based studies had higher
females than males, whereas serological surveys
had more males than females. Generally, DENV
infectivity in children increased with age. In cross-
sectional studies, young adults showed higher
DENV infectivity. Weighted seroprevalence was
calculated as percentage of positive DENV samples
out of sample size. It ranged from 0.45% in a
health facility-based fever surveillance [16], to
100% in two outbreak studies where all the 14 and
10 sampled patients tested positive for
DENV [10,26] (Table 3).

There was a wide range of DENV identification
procedures, with two most used procedures being

ELISA-IgG and Reverse transcription PCR (RT-PCR),
used 14 and 12 times respectively. The latter
included real-time reverse transcription PCR
(RT-PCR) and Quantitative real time reverse-
transcription PCR (qRT-PCR). A particular method
was used as the only identification procedure
and/or in combination with other identification
procedures. Most of the studies in this paper (12
out of 20) used a combination of anti-DENV
IgM/IgG/IgA ELISAs and NS1 ELISA, or a
combination of diagnostic tests (Table 5). Notably,
study reports in this paper emphasized the need
for constant review and making available
comprehensive differential disease diagnostic
panels at health facilities and testing laboratories.
This is feted to improve case detection and clinical
diagnosis.

Circulating DENV genotypes

All DENV 1-4 serotypes and their representative
lineages were identified by different studies in this
analysis (Table 6). In the entire study, there were
42 DENV serotype occurrences, with DENV-2 being
the most dominant (18), followed by DENV-3 (10),
DENV-1 (9), and the least was DENV-4 (5). DENV-1
lineage was related to Djibouti 1998 strain
genotype |, and Thailand 1964 strain genotype Il
(related to Indonesia 2012 strain genotype II).
DENV-2 was African genotype IV strain, C-I lineage
(India 2011), C-ll lineage (Burkina Faso 1979 -
2013), and cosmopolitan genotype (India 2009-
2010, 2014). DENV-3 was genotype Il (Pakistan
2007-2009), genotype V (related to Brazil 2006),
genotype V strain (Philippines 1956), and
genotype lll strain (related to Pakistan 2006, China
2013, and India 2009). DENV-4 was genotype |l
strain (related to Indonesia 2012) (Table 6).

Discussion

The present study evaluated seroprevalence of
DENV infection in Kenya, an example of flavivirus
infection that represent a major global health
problem. All DENV 1-4 serotypes and their
representative lineages were identified by
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different studies in this analysis, with DENV-2
being the most dominant. This agrees with
findings from analysis of epidemics in all African
sub-regions from 1960 to 2020 [2]. There were 21
study articles available for review using our search
criteria. We observed a large difference in
geographical distribution of DENV seroprevalence
studies. Five geographical regions were identified
in the DENV studies with 39 study
sites [1,6-10,12,14,16,19,20,23,26-28,31-36].
There were higher infection rates among adults
than in children [1,8,20,23,26,28]. This has been
reported in  other studies on  DENV
infection [17,37]. In children's studies, increasing
age was found to be associated with overall DENV
and other arbovirus infection, with outdoor
activities and/or school attendance
being  associated with overall arbovirus
seropositivity [20,31,32]. This could be due to
vector exposure during outdoor excursions [17].

The fact that DENV infections have not been
reported from most of the geographical regions in
Kenya may not necessarily mean that those areas
have no DENV seroprevalence. This could be due
to their epidemiological situation being unknown.
For instance, a recent study investigated the role
of DENV infection as a cause of acute febrile
disease in previously unreported non-epidemic
settings in rural (Taita-Taveta County) and urban
(Kibera slums, Nairobi) study areas in Kenya [23].
These areas were found to be seropositive.
Detection of even one case in a population is a
potential risk if the transmitting vectors are
available [38]. This study has revealed unreported
areas which are non-epidemic for consideration in
national control strategies and surveillance to put
in place preventative measures to avert outbreaks.

Our study has revealed a vast population across
Kenya, especially rural settings, that has not had
seroprevalence investigated. Of the 24 studies in
our analysis, 4 were in rural sites [20,23,31,36], 6
were in both rural and urban
sites [6,7,12,16,19,35], and the rest were in urban
sites (Figure 2). While the task may appear
overwhelming, it's possible to employ a systematic

method inspired by a 2014 study conducted in
Kenya [39] to pinpoint areas with the highest and
lowest dengue risk. This approach utilizes a
geospatial analysis similarity search to pinpoint
these specific locations. It involves the creation of
a risk map by merging environmental susceptibility
analysis and geographic information systems (GIS),
subsequently comparing dengue prevalence areas
with all other regions. To enhance its reliability,
the model also integrates bioclimatic factors,
elevation data, and mosquito habitat information
as inputs. This model can then be utilized to
identify the areas with the highest risk, thus
prioritizing them for further investigation.

Eight sporadic DENV outbreaks were reported
during the ten-year study period, dominated with
DENV-2 [9,13,14,27,33], but also DENV-3 and
DENV-4 [27] and DENV-1 [6]. During the
outbreaks, the expression of the disease was
relatively mild, although there were instances of
hemorrhagic symptoms [9,14], and two
unfortunate fatalities [13,14]. Mild disease
manifestation could be due to the effective
interventions which included distributing rapid
dengue diagnostic kits to local health clinics and
deploying response teams with the responsibility
of raising community awareness about infection
prevention. In addition, mosquito control activities
were conducted, and health authorities carried
out indoor and outdoor residual spraying [6]. To
mitigate future outbreaks, such interventions
should be strengthened.

Our study revealed that there is continued
circulation of DENV infections across Kenya, with
variable transmission patterns across different
regions, but relatively homogenous within
districts. In addition, DENV infections continue to
circulate between epidemics or outbreaks (18 out
of the 24 studies). This finding is supported by
other studies on DENV infectivity [17,18]. There
seems to be lack of definitive tests as accurate
diagnosis available to fully appreciate the range
and distribution of DENV infection in risk
populations. Therefore, there is need for further
development and use of techniques that can
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conclusively determine past exposures as well as
low-level circulation of DENV. In addition,
interaction with other arboviral infections (e.g.,
yellow fever, Rift Valley fever, chikungunya,
o'nyong'nyong, West Nile virus, and Zika virus) and
parasitic infection (e.g., malaria) during inter-
epidemic periods should be investigated [6,8,32].
This will enable appropriate control measures
guided by accurate diagnosis targeting specific
vectors responsible for the diseases.

Study designs can be categorized as passive
facility-based fever surveillance, cost-of-illness
surveys, serological surveys, and healthcare
utilization surveys [21]. Our study revealed three
main categories: health facility-based fever
serosurveys (17), community-based serological
surveys (4), and retrospective studies (3). Health
facility-based fever serosurvey was the most
preferred study design (17/24). This study further
revealed that female gender was associated with
overall DENV seropositivity in facility-based
serosurveys [8,23,32]. This could be associated
with differing healthcare seeking behavior where
females have been reported elsewhere to seek
more than males [40,41]. There is need for
standardization of hospital-based surveillance and
community-based serological designs in studying
DENV infections. In addition, fever surveillance
data should be robust, enabling calculation of
several variables e.g., age-specific incidence rates,
comparison of symptom presentations between
DENV and non-DENV infections, multivariable
logistic regression, seroprevalence, force of
infection etc [21].

Studies in this paper diagnosed DENV using
Enzyme immunoassays ELISA (IgA, 1gG, and IgM) in
combination with plaque reduction neutralization
test (PRNT), ELISA- IgG and IgM in combination
with Plague Reduction Neutralization Tests
(PRNTs), DENV IgM EIA, 1gG IFA, ELISA- 1gG solo,
and ELISA- 1gM solo. Other diagnostic tests
included Viral RNA screening, Dengue NS1 antigen
test, reverse transcription PCR (RT-PCR),
guantitative real-time reverse transcription PCR
(gRT-PCR), real-time reverse transcription PCR

(rRT-PCR), a combination of Rapid Diagnostic Tests
(RDT), RT-PCR and IgM/IgG ELISA, plaque
reduction neutralization tests (PRNTs) solo, and
sequencing, which included next generation
sequencing (NGS). There is an inadequacy of
detecting DENV solely by plaque reduction
neutralization tests (PRNTs) because of possible
cross-reactivity. Also, using solely anti-DENV IgM
antibody responses in detecting DENV in
individuals who have been vaccinated within 2
months will give false results [42]. A more reliable
diagnosis for detecting DENV infection has been
reported to be a combination of NS1 and
IgM/1gG/IgA ELISAs, or ELISAs and PCR [19,27,42].

Accurate and efficient DENV diagnosis plays a
crucial role in confirming cases. The virus can be
detected during the viremic phase, typically within
the first five days of illness, in serum, plasma, and
peripheral blood mononuclear cells. Dengue NS1
antigen levels can be identified using enzyme-
linked immunoassay (ELISA), with testing
conducted through enzyme-immunoassays (EIAs)
or immune-chromatographic (ICT) techniques.
These assays are highly specific for differentiating
between various flaviviruses. For early detection
during the viremic phase, conventional and real
time RT PCR, nested PCR, multiplex PCR, and
nucleic acid sequence-based amplification
(NASBA) are sensitive and relatively rapid
methods. Additional tests include assessing anti-
dengue specific IgM and IgG through ELISA [43].
However, these are sophisticated tests that are
rare in resource-limited settings.

Improved diagnosis will enhance detection of
underlying or co-circulating infections as well as
detecting re-emerging and emerging disease
threats caused by various pathogens associated
with febrile illness manifestations in human
populations [6,8-10,12,28,32]. This need has also
been emphasized for the whole African
continent [2]. The cost implications of definitive
diagnosis can be prohibitive in resource poor
facilities. This could be the reason why some
studies conducted in patients with acute dengue
used rapid diagnostic tests. Quick antigen tests,
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like the NS1 rapid diagnostic (RD) test, exhibit
reasonable sensitivity, ranging from 71% to 80%,
and high specificity (100%) when it comes to
identifying dengue infection overall. However,
they are wunable to differentiate between
serotypes [44]. Therefore, these results need to be
scaled up with improved diagnostic techniques.

A cost-effective alternative for detecting dengue
infection is the identification of anti-DENV IgM in
urine, a highly specific marker for laboratory-
confirmed dengue, as reported in one study [45].
This method holds promise for implementation in
resource-constrained settings. In addition, recent
research has explored the use of anti-aGal
antibodies (IgM, 1gG, IgG1l, and IgG2) for
diagnosing DENV. These antibodies target a
specific glycan found in the virus, likely originating
from mosquito salivary glands, which might play a
role in the initial infection when DENV is
introduced into the bloodstream through
mosquito saliva [46]. Furthermore, a novel
approach for DENV detection is the BioFire Global
Fever Panel (GF Panel). This multiplex nucleic acid
amplification test is performed directly on whole
blood samples using the BioFire FilmArray System.
It enables the diagnosis of various pathogens
responsible for acute febrile illnesses, including
DENV [47]. These diagnostic techniques could also
be adopted in Kenya.

DENV-1-4 are graded into distinct genotypes;
American (AM), Asian/American (AA), Asian | (Al),
Asian Il (All), Cosmopolitan (C), and Sylvatic (S). In
addition, new lineages have emerged from DENV-
2 due to its ease of transmission and frequent
occurrence, and the inevitable changing
evolutionary pressure [26]. Most studies in this
review did not provide sequencing, and
consequently, genealogy results. Eleven out
of the 24 studies did not do PCR
or sequencing [1,16,20,23,31,32,34,36],
with [16,23,31] having two studies each. Thus, the
DENV genotype which was responsible for the
infection will never be known. This supports
reports that indicate that there is under-
representation of Africa DENV sequences in

databases [10,27,33]. The few genealogy studies in
this paper indicated the Asian genotype was most
isolated (5), African (3) and Cosmopolitan (3). In
addition, there was one American (Brazil)
genotype, but the Asian/American and Sylvatic
genotypes were not revealed.

There is need to investigate regional variation in
DENV strain predominance, as well as recognize
the molecular differences between DENV strains
that are detected during routine surveillance and
those  detected during outbreaks [26].
Furthermore, genealogy studies suggest an
intercontinental connection in the spread of
DENV. Hence, it is essential to consider both local
and international strategies when formulating
interventions to mitigate DENV infections.
Information on circulating DENV serotypes in
Kenya and their origin is important for vaccine
development [7,10,27,33].

As there is currently no available vaccine to shield
humans from DENV, the most successful approach
to preventing DENV infections is to minimize
interactions between people and the disease
vectors. DENV suspected patients undergo
diagnosis and positive cases are managed.
Currently, Kenya employs integrated vector
management (IVM) strategies to combat DENV
infections. These measures involve entomological
surveillance conducted by both governmental and
non-governmental organizations in collaboration
with the international community. They also
include the application of synthetic pesticides,
particularly  pyrethroids, in indoor residual
spraying (IRS), as well as the distribution of long-
lasting insecticide nets (LLIN). Additionally, insect
growth regulators (IGRs), potent insecticides
derived from chemical or botanical sources, have
been utilized [48].

In Europe, dengue vectors have been identified,
but there is no active virus transmission. This is
attributed to their risk management plans, which
prioritize strategies for lowering the risk of
transmission. These strategies encompass swift
investigation of isolated cases, continuous
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monitoring of vector populations and their
prevalence, social mobilization initiatives, and
integrated vector management. In the event of a
confirmed case, the response is elevated to an
epidemic level to interrupt further transmission.
Kenya should endeavor to implement these
strategies to attain a low risk of DENV
transmission [49,50]. Our study has identified
Kenyan counties for which the DENV
seroprevalence status remains unknown or
unreported. This information is valuable for
extending these interventions to previously
unaddressed areas.

We cannot overemphasize the need for further
research to accurately determine the burden and
impact of DENV infection in different localities in
Kenya. There is need for sufficient monitoring and
increase in surveillance of these infections
amongst patients presenting with fever in health
facilities, as well as a better understanding of the
ecology of arboviruses [6,23,36].

Limitations of the study

One of the limitations of this study, which may
affect interpretation of our findings, was the
underestimation of the number of DENV
incidences and outbreaks in Kenya. This was
occasioned by the fact that some of these
incidences are reported in print media (which was
not included in our selection criteria), and not in
scientific published articles. Although no single
mechanism for data collection is adequate to meet
the needs for public health decision making, public
health surveillance is essential and is reported to
be one of the major mechanisms. However, most
passive surveillance data are incomplete [51]. Our
review was limited to scientific literature since one
form of dissemination of surveillance data is peer-
reviewed journals [52]. In addition, seroprevalence
surveys provide more data. For instance, in our
study, besides information on DENV infection
and/or epidemic activity, information regarding
the broad regional set-up, study site, period of
study, study population, sample size, number of
DENV-positive cases, case identification

procedure, serotype and genotype was available
for our review.

Other limitations included the retrospective
nature of some of the reports, incomplete
datasets, relatively small sample sizes, and
inappropriate definition or selection of study
population. Furthermore,  different  DENV
identification procedures were used in the
analyzed studies, which translates into different
quality of the used serologic assays or molecular
techniques. This posed a risk in methodological
bias during the quality assessment of included
studies. Nonetheless, the overall methodological
risk bias of our study was low (3) (Table 2). Thus,
we are confident that our findings provide useful
information for public policy decisions and clinical
practice.

Conclusion

This study on DENV infection and epidemics in
Kenya in the period 2010 to 2020 has revealed
surveillance gaps which will guide strategies for
reducing the burden of the disease. We provide
evidence for serosurveys in five geographical
regions and eleven counties in the country. Coast
is the most studied region with Mombasa being
the most sampled site. Thirty-six (36) out of the 47
(76.6%) Kenyan counties' DENV seroprevalence
status is unknown or unreported. Our study has
also revealed that DENV infection is unrecognized
and/or unreported in most areas of the country,
especially rural Kenya. In addition, it reveals that
there is transmission between epidemics in the
reported areas.

Recommendations

We recommend robust surveillance of DENV
infections and strict implementation measures in
Kenya to improve human public health and reduce
the possibility of potential epidemics. The public
health and vector control strategies designed to
mitigate the burden of dengue in Kenya should
consider the unreported and non-epidemic areas
in the country as high priority areas because they
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could be potential “breeding grounds” for DENV
outbreaks. In addition, more data is needed to
document clinical and epidemiologic patterns of
dengue in Kenya as well as genealogy of circulating
genotypes for vaccine development. In addition,
knowledge of spatial-temporal dynamics of
dengue circulation is critically needed for better
response in control strategy [12]. Control efforts
might be more effective if targeted at a district
level, as opposed to country-wide, which would be
too broad or village-specific, which might be too
narrow [17]. For an effective study, this gap can be
addressed by adopting population-based dengue
surveillance and seroprevalence studies [21].

Finally, there is need to adopt best practices and
newer approaches in controlling infectious
diseases. One such proposal is a “One Health”
concept, which entails creation of a
multidisciplinary platform consisting of a team of
members with a range of expertise to monitor,
respond to and prevent major outbreaks [53]. The
team could consist of agriculturalists, animal
husbandry specialists, ecologists, physicians, public
health officers, researchers, climatologists, vector
biologists, veterinarians, and viral phylogeneticists.
Their concerted co-operation and collaboration
will unravel the relationship and
interconnectedness  between  animals, the
environment, and humans. This is because the
health and wellbeing of humans is covertly tied to
the health of animals and their environment, and
the other way round.

Therefore, a national surveillance program should
plan for serosurveys in the unreported areas with
proper representativeness of the population to
investigate seroprevalence of DENV infections.
This will provide a powerful tool to better
understand and plan for the response to dengue
outbreaks in areas with limited surveillance
representation. Together with adoption of new
and best practices such as the East African
Community (EAC) intergovernmental body
regional network for rapid response to epidemics,
and the “One Health” multidisciplinary platform,
DENV infections in Kenya will be under control.
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What is known about this topic

e DENV is endemic in Kenya, with all the four
serotypes (DENV- 1-4);

e DENV is a major public health problem in
Kenya due to frequent outbreaks.

What this study adds

e This review revealed a surveillance gap in
dengue infection surveys in Kenya, with
DENYV infection being un-recognized and/or
unreported in 76.6% of the country;

e |t showed a methodological bias in DENV
studies which affect quality of data
generated, thus, need for harmonization of
future study procedures;

e |t further revealed that DENV-2 is the
dominant  circulating  serotype  and
circulating DENV genealogies have an
intercontinental link, which information is
important for vaccine development as well
as local and international intervention
strategies.
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Table 1: eligibility criteria

Key Word Related terms and synonyms

Population Individuals with a flavivirus infections (both severe and non-severe cases), all age groups

Flavivirus infection |Dengue fever

Study design Retrospective, observational, national surveillance, record-based

Inclusion All patients with dengue infection, research articles, letters, short communications, case
studies

Exclusion Review articles, cases in travelers, duplicate studies, single patient study, non-human

animal studies, entomologic and vector-related studies, studies for which sample
collection was completed before 2010, grey and non-English literature
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Table 2: risk of bias scores for individual studies included in the review
Study ID [Period Study design Total [Score Risk of bias
score |level
[19] Jan 2014- April 2016 Health facility-based fever Surveillance (4 4-6 Moderate
[16] Dec 2014- Dec 2015 Health facility-based fever Surveillance (4 4-6 Moderate
[16] Dec 2014- Dec 2015 Health facility-based fever Surveillance (4 4-6 Moderate
[20] August 2010 -July 2012  [Serological Survey 1 0-3 Low
[31] June 2010 - August 2011 |[Serological Survey 2 0-3 Low
[31] June 2010 - August 2011 (Serological Survey 2 0-3 Low
[28] March 2016 and May Health facility-based fever Serosurvey |1 0-3 Low
2017
[36] 2009 - 2011 Retrospective 1 0-3 Low
[12] Jan 2014-Aug 2017 Health facility-based fever Surveillance |1 0-3 Low
[12] Jan 2014-Aug 2017 Health facility-based fever Surveillance |1 0-3 Low
[34] 2016 Health facility-based fever Serosurvey |4 4-6 Moderate
[14] Jan-May 2013 Serological Survey 1 0-3 Low
[9] August 2011 to Oct 2011 |Health facility-based fever Surveillance |1 0-3 Low
[35] 2014-2019 Health facility-based fever Surveillance (4 4-6 Moderate
[6] September 2011 to Health facility-based fever Serosurvey |3 0-3 Low
December 2014
(7] 2011 — 2014, 2017-2018 |Retrospective 5 4-6 Moderate
(8] Feb 2014 — Jan 2015 Health facility-based fever Serosurvey |2 0-3 Low
[32] August 2010 -February  [Health facility-based fever Serosurvey 4-6 Moderate
2011
[23] April to August 2016 Health facility-based fever Serosurvey |2 0-3 Low
[23] February to June 2017 Health facility-based fever Serosurvey |2 0-3 Low
[27] March 2019 Health facility-based fever Serosurvey |5 4-6 Moderate
[10], [26] |April to June 2017 Retrospective 6 4-6 Moderate
[33] February 2014 and Health facility-based fever Serosurvey (4 4-6 Moderate
January 2015.
[1] January 2014 to March Health facility-based fever Surveillance |1 0-3 Low
2015
Overall risk of study bias 3 0-3 Low
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Table 3: DENV positive samples

Region Study site Period Sample | Number of DENV Positive Weighted Age Estimates Study
Size Cases (%) Seroprevalence | (Mean/Median) | ID
(%) * 1
Total Total | Males | Females
Western Chulaimbo and Kisumu Jan 2014- April 1104 82 46 36 7.43 1-7(3.5) [19]
2016 (56.1) | (43.9)
Western Chulaimbo Dec 2014- Dec 486 7 - - 1.44 1-17 (4.4) [16]
2015
Coast Msambweni and Ukunda Dec 2014- Dec 1118 5 - - 0.45 1-17 (5.9) [16]
2015
Western Busia August 2010 - 250 8 6 2 3.2 4- 275 (15-24) [20]
July 2012 *2
Western Busia (Alupe Sub-district June 2010 - 422 27 15 12 6.4 >5 [31]
Hospital (ADH), August 2011
KEMRI/CIPDCR Alupe Clinic
(KAC))
Rift Valley Trans-Nzoia (Anderson June 2010 - 422 9 2 7 2.13 25 [31]
Medical Centre (AMC)) August 2011
Coast Mombasa (Mvita) March 2016 and 482 295 178 117 61.2 1-55 (15-34) *2 [28]
May 2017
Coast Vuga and Milalani 2009 - 2011 1,863 895 403 492 48.04 1-99 (17-18) [36]
Coast Msambweni and Ukunda Jan 2014-Aug 310 106 - - 34.2 1-17(6.7) *3 [12]
2017
Western Chulaimbo and Kisumu Jan 2014-Aug 552 255 - - 46.2 1-17(4.6) *3 [12]
2017
Rift Valley Trans-Nzoia (Kitale 2016 1258 53 - - 4.21 - [34]
Endebess)
Coast Mombasa (Tudor) Jan-May 2013 267 155 62 93 (60) 58.1 3-75(27) [14]
(40)
North-Eastern Mandera Aug 2011 to Oct 33 30 - - 90.9 17-54 [9]
2011
Coast and Western Msambweni, Ukunda, 2014-2019 7509 485 265 220 6.46 1-17 (4.3) [35]
Chulaimbo andKisumu
Nairobi, North- Nairobi, Mandera, Wajir, September 2011 868 345 - - 39.75 All Ages (21-50) [6]
Eastern and Coast Mombasa, Malindi, and to December *2
Lamu 2014
Coast and North- Mombasa, Kilifi Wajir 2011 - 2014, 1199 14 - 1.17 - [7]
Eastern 2017-2018
Coast Kilifi (Mtwapa) Feb 2014 - Jan 489 43 20 23 8.79 18-35 (27) [8]
2015 (46.5) | (53.5)
Western Teso South August 2010 - 656 103 44 59 15.7 1-12(2) [32]
February 2011 (42.7) | (57.3)
Coast Taita Taveta April to August 327 47 - - 14.4 - [23]
2016
Nairobi Nairobi (Kibira) February to June | 230 8 - - 3.78 - [23]
2017
Coast South Coast (Mtongwe) March 2019 37 21 - - 56.8 - [27]
Coast Malindi April to June 14 14 - - 100 - [10],
2017 [26]
Coast Mtwapa February 2014 489 10 - - 2.04 18-35 [33]
and January
2015.
Coast Mombasa (CPGH)*4 January 2014 to 500 75 - - 15 0-94 (26 — 30) [1]
March 2015
TOTALS 20,885 | 3,092

*1Weighted for sampling weights. *2Age group; *3 Out of total population; *4Coast Provincial General Hospital; -, information not given; bold ID, during outbreak
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Table 4: reported DENV outbreaks in Kenya (2010-2020)
Period Location Description Serotype Reference
September - October Mandera 33 suspected cases, 30 DENV-3 [9]
2011 (90%) were positive for
dengue virus type 3
February — May 2013 Mombasa 155 cases 1 fatal case DENV-1 DENV-2 ([14]
DENV-3
April — May 2013 Mombasa and 223 cases out of 567 DENV-1 DENV-2 |[6]
Mandera samples DENV-3
March — July 2017 \Wajir 82 cases - [13]
March — July 2017 Mombasa 1,117 cases (with one DENV-2 [13]
fatality)
March —July 2017 Malindi 10 cases all tested positive |DENV-2 [26]
(100%)
April-May 2017 Mombasa 73.9% of 482 enrollees were [DENV-2 [28]
dengue-positive
March 2019 South Coast 21 out 37 cases DENV-3 [27]
-, information not given
Table 5: DENV identification procedures
DENV Identification Procedures No of Study ID
Studies
DENV IgM EIA, 1gG IFA, Viral RNA screening, Dengue NS1 antigen test 2 [23] (2)
ELISA (IgA, IgG, and IgM), Plague reduction neutralization test (PRNT) 3 [31] (2), [32]
ELISA (IgG and IgM) Plaque Reduction Neutralization Tests (PRNTS) 1 [34]
ELISA-IgG 4 [16] (2) [20]
[36]
ELISA-IgM, Focus Reduction Neutralization tests (FRNT) 1 [1]
Next generation sequencing (NGS) 1 [7]
Quantitative real-time reverse-transcription PCR (qRT-PCR) 1 [8]
RDT, RT-PCR, and 1gM/IgG ELISA. 1 [28]
Real time reverse transcription PCR (RT-PCR), Next generation sequencing 2 [27] [33]
Real time reverse transcription- PCR (rRT-PCR) 1 [9]
Real-time Reverse Transcription, PCR (rRT-PCR), ELISA-IgG, Sequencing 2 [12] (2)
Reverse transcription PCR (RT-PCR) 1 [19]
Reverse transcription PCR (RT-PCR), Next generation sequencing 2 [26] [10]
RT- PCR, ELISA- IgM 1 [14]
RT-PCR, ELISA- IgG 1 [35]
RT-PCR, ELISA- IgM, Sequencing 1 [6]
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Table 6: serotypes and lineages of DENV infections in Kenya (2010-2020)
Serotype Lineage Period of Study|Study site Region Study ID
DENV-2 DENV-2 (C-Il lineage Burkina [2011 - 2014 Mombasa, Coast and [7]
Faso between 1979 and 2013) [2017-2018 \Wajir and Kilifi [North-
DENV-2 (C-l lineage India in Eastern
2011)
DENV-1-3 DENV-1 (Related to Djibouti 2011 Nairobi, Nairobi, [6]
1998 strain genotype I. DENV- [September -  [Mandera, North-
2 (Related to Asian strain) December 2014|Wajir, Eastern and
DENV3 (Related to Pakistan Mombasa, Coast
2006, China 2013, and India Malindi, and
2009 genotype 3 strain) Lamu
DENV-1-4  [DENV-1 (Thailand 1964 strain |2014 Jan -Aug [Msambweni |Coast [12]
genotype Il, related to 2017 and Ukunda
Indonesia 2012 strain
genotype IlI) DENV-2 (African
genotype IV strain) DENV-3
(Philippines 1956 strain
genotype V) DENV -4 (Related
to Indonesia 2012 strain
genotype Il)
DENV-1-4 DENV-1 (Thailand 1964 strain 2014 Jan -Aug |Chulaimbo and |Western [12]
genotype Il, related to 2017 Kisumu
Indonesia 2012 strain
genotype Il) DENV-2 (African
genotype IV strain) DENV-3
(Philippines 1956 strain
genotype V) DENV -4 (Related
to Indonesia 2012 strain
genotype Il)
DENV-2 DENV-2 (Cosmopolitan 2014 February |Mtwapa Coast [33]
genotype) and January
2015.
DENV-2 DENV-2 (Cosmopolitan India  [2016 April - Taita Taveta  |Coast [23]
2014 genotype) August 2016
DENV-2 DENV-2 (Cosmopolitan India [2017 Aprilto  [Malindi Coast [10], [26]
2009-2010 genotype) June 2017
DENV-3 DENV-3 (Genotype Il 2019 March South Coast Coast [27]
Pakistan2007-2009 and V (Mtongwe)
related to Brazil 2006)
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Figure 1: PRISMA flow chart illustrating screening and filtering of articles for
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Figure 2: map of Kenya showing regional distribution
of DENV seroprevalence study sites (2010-2020)
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