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ABSTRACT

In Kenya, 50-60% of suspected measles cases remain undiagnosed as their etiology
remains unknown. Clinical symptoms of rash and fever are common manifestations of
several infectious disease etiologies, including arboviruses and malaria. Lack of
diagnostic capacity has led to the under-reporting of specific causes of febrile rash
illness, including arbovirus infections in Kenya. This study aimed to determine the
recent and past circulation of arboviral infections amongst suspected cases of measles in
Kenya which confirmed negative IgM for measles as well as rubella serological assays.
A retrospective study was conducted on 392 randomly selected serum samples collected
between 2008 and 2014 from health facilities in Nairobi, North-Eastern and Coastal
regions of Kenya. Samples were screened for the presence of IgG and IgM antibodies
against dengue, chikungunya, and Zika viruses by Enzyme-Linked Immuno-sorbent
Assay (ELISA). Positive samples by ELISA were confirmed by Plague Reduction
Neutralization Test (PRNT) for samples that were positive for either dengue (DEN),
Zika (ZIK), or chikungunya (CHIK) viruses. Out of the 392 samples, 5(45.5%) were
confirmed to have an active infection of DEN, while 1(0.3%) had an active infection of
CHIK and 3 had an active infection of ZIK. Past infection of DEN was confirmed in 17
(56.7%) while 1 (10.0%) sample was positive for CHIKV. Other viruses included were
West-Nile (WN), Yellow Fever (YF), Sindbis (SIN), Semliki Forest (SF) and O’nyong
Nyong (ONN) viruses. 9(90.0%) samples were confirmed to be ONN, 3 (10.0%) to be
WN and 2 (6.7%) to be YF. Dengue, chikungunya and Zika were detected in all years of
study 2008-2014 and all study sites except Tana-River and Wajir Counties. The results
showed that the prevalence of CHIK and DEN was significantly higher in those aged 14-
60 years. The study confirms patients' exposure to these arboviral infections DEN, ZIK
and CHIK arboviruses in Nairobi, North-Eastern and Coast Regions. The study
recommends that arbovirus diagnosis be included in a comprehensive differential
diagnosis for cases presenting with fever and rash from suspected measles cases.
Additionally, clinicians should be sensitized to consider testing for arboviruses for those
fever and rash cases that are negative for measles and rubella.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the study

Measles and rubella have been the foremost cause of febrile rash illness in children
and adults in Kenya (Perry et al., 2004; Nandy et al., 2006). Additionally, febrile rash
illnesses are common reasons for seeking medical attention in Kenya and Africa
(O'Meara et al., 2015). These illnesses are caused by different etiological agents and
are among the leading causes of morbidity in Kenya and Africa. According to WHO,
(2020) report, measles is one of the leading causes of death in young children in
developing countries, particularly in Africa and Asia, despite having a safe and cost-
effective vaccine available. Rubella virus is distributed worldwide and is of public
health concern due to its teratogenic effects (WHO, 2018). In Kenya, all suspected
measles cases are routinely submitted to the measles laboratory for testing at the
Kenya Medical Research Institute’s (KEMRI)-Centre for Virus Research. Measles
negative samples are, in turn, tested for rubella IgM antibodies in support of the
national measles/rubella case-based surveillance program. Over the years, it has been
observed that approximately 50-60% of these suspected measles cases usually test
negative for both rubella and measles by IgM ELISA, and their etiology remains
undetermined (EPI, 2015). Febrile rash illness is also a common clinical presentation
of arboviruses, and therefore, these arboviral diseases may be present but remain
undiagnosed (Ochieng et al., 2015; Kajeguka et al., 2016; Paixao et al., 2018).

Arboviral infections are caused by arboviruses of public importance, which are
classified into three main families; Togaviridae, Flaviviridae, and Bunyaviridae.
These viruses cause a range of clinical syndromes in humans ranging from self-
limiting febrile illnesses to hemorrhagic fevers (Ochieng et al., 2015). Dengue

(DENV) and Zika (ZIKV) belong to the Flaviviridae family. In contrast,

17



Chikungunya (CHIKV) belongs to the Togaviridae family. They are among the
emerging and re-emerging arboviruses of public health importance regionally and

worldwide.

Previous seroprevalence studies have reported exposure of arboviral infection due to
DENV and CHIKYV infections in Coastal Kenya (Sergon et al., 2008; Sutherland et
al., 2011; Ngoi et al., 2016). Kenya is also considered to be endemic for DENV and
CHIKYV arboviruses and competent vectors to these viruses are present, i.e., Aedes,
mosquitoes, which have been found in some parts of the country (LaBeaud et al.,
2011).

Dengue fever caused by the dengue virus (DENV) is a re-emerging arboviral
infection of public health importance (Singal, 2017; Subhadra et al., 2021). The
infection can vary from a mild febrile illness to severe dengue hemorrhagic fever
(DHF) or dengue shock syndrome (DSS) (Ross, 2010). Dengue virus is responsible
for more than 50 million clinical cases, according to the World Health Organization
(WHO, 2009). Dengue fever (DF) is caused by infection with one of the four
dengue serotypes (DENV 1 to DENV 4) (WHO, 2020). The primary arthropod
vector for dengue is Aedes aegypti, commonly found in Africa (Amarasinghe et al.,
2011). Dengue cases were reported in early March 2021 with 24 cases testing
positive out of 47 (51% positivity rate). In April, another 305 cases tested positive
out of 315 (97% positivity rate). Three serotypes of DENV have been detected in
Kenya (DENV 1-3) (Konongoi et al., 2016) in Northern and Coastal Kenya.
Dengue-4 was detected in 4.5% (10/221) of children with undifferentiated febrile
illness (Shah et al., 2020).

Zika virus, which is transmitted mainly by Aedes mosquitoes, was first discovered in
the Zika forest in Uganda (Gubler et al., 2017). A recent outbreak of ZIKV in the
Americas occurred in 2015 (de Oliveira et al., 2017) and several clinical

manifestations were described, including microcephaly in children and Guillain Barre
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Syndrome in adults (Ladhani et al., 2016). The current level of transmission of ZIKV
iIs unknown in Kenya (Hunsperger et al., 2020). However, the Yellow Fever risk
assessment carried out in 2013 (VHF laboratory, 2013) showed the presence of ZIKV
antibodies, suggesting it has recently been circulating. Zika virus antibodies were
recently detected in Mombasa, Kenya which identified 5 persons sampled in 2013
who were positive for ZIKV IgM and confirmed by PRNTgo (Hunsperger et al.,
2020). While a study by (Kisuya et al., 2019) about 0.2 % (1/577) as confirmed by
PRNT.

Two vectors transmit the chikungunya virus: Aedes aegypti and Aedes albopictus
mosquitoes (WHO, 2020) which are abundant in Kenya. The first outbreak in Kenya
occurred in 2004-2005 in Lamu along the Kenyan Coast (Sergon et al., 2008) and
later spread to Mombasa (Sang et al., 2008). The most recent outbreak started in
2016 in Mandera County in North-Eastern Kenya (Konongoi et al., 2018), and
infection detections continue to date. Chikungunya fever is known to be endemic in
the Coast Region and was associated with 12.7% in children (Nyamwaya et al.,
2021). In addition, concurrent epidemics of DENV and CHIKV have been reported
from Africa (Leroy et al., 2009).

According to (WHO, 2018), when examining measles it is important to include
differential diagnosis of other infections such as rubella, scarlet fever, exanthema
subitum (roseola), erythema infectious, dengue fever, the early stages of chickenpox,
and infectious mononucleosis this is because of fever, rash, and a variety of non-

specific symptoms.

Arboviral infections are of major public health concern and cause economic harm
because of their high morbidity and mortality rates recorded after outbreaks
(Kuniholm et al., 2006). Lack of diagnostics in most health care facilities makes it
difficult to estimate the true incidence and burden of arboviruses. Most likely, these

arboviral diseases are misdiagnosed as malaria, typhoid, measles, leptospirosis,

19



dysentery, meningitis and rickettsia (Ochieng et al., 2015). Even though there are
reported cases and outbreaks of arboviral infections in parts of Kenya, no study has
been conducted to determine their contribution to measles-like illness cases that test
negative for measles and rubella virus antibody markers. This study assessed the
prevalence and distribution of arboviruses among individuals sampled as suspected
measles cases in the measles case-based surveillance in Kenya but tested negative for
measles and rubella IgM antibodies. Evidence of other causes of febrile rash illnesses
will alert clinicians to consider arboviral infections in their differential diagnostics
that may have implications in the management of patients reporting febrile rash
illnesses in Kenya. The findings of arboviral infections as causes of febrile rash
illnesses will enable policymakers and the national disease control programs to
develop algorithms for their management and have a surveillance system for their

control.
1.2. Statement of the Problem

About 50-60% of suspected cases test negative for measles and rubella, which poses a
public health concern (EPI, 2015). The shared common clinical presentation of
arboviruses during the acute phase of the disease poses a challenge during disease
diagnosis. Arboviral infections are asymptomatic and mild clinical forms of Zika,
chikungunya and dengue may account for a large proportion of all infections. The
initial symptoms can be similar, and clinically non-specific, including fever,
headache, myalgia, arthralgia, maculopapular rash, retro-orbital pain and
lymphadenopathies (loos et al., 2014) which may overlap with measles and rubella

symptoms.

Dengue has a case-fatality rate of about 5%, and mainly among children and young
adults (Beatty et al., 2007). Chikungunya infection is considered to be a relatively
benign condition, with many atypical clinical manifestations resulting in significant

morbidity and mortality, including Guillain—Barré syndrome (GBS) (Thiberville et
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al., 2013). Zika virus was associated for the first time with severe neurological
complications such as Guillain-Barre syndrome (GBS) in adults, and congenital Zika
syndrome (CZS), a spectrum of fetal abnormalities and developmental disorders
including microcephaly, when mothers were infected during early pregnancy (Oehler
et al., 2014; Cauchemez et al., 2016).

1.3. Justification of the study

Febrile illness with rash is a common presentation of arboviral infections and thus
prompted the need to test for arboviruses, which mostly lack effective vaccines
(except for YF) and therapeutics and hence require prioritization. In addition, there is
no information on other causes of fever and rash in Kenya. The study was carried out
in the Northern and Coastal Region because these arboviral infections have been
previously detected while Nairobi was used as a comparative site that has never
reported any arbovirus outbreaks. This study assessed arboviral infections in non-
measles febrile cases because no study has been conducted in Kenya. Therefore, to
address this challenge, this study set out to determine the exposure of arboviral
infections among suspected measles cases from negative samples collected in the
measles case-based surveillance program in Kenya. This is to assess the possible

contribution of arbovirus infections to the measles-like illness.
1.4. Research Questions

1. What is the prevalence and co-exposure of DENV, CHIKV and ZIKV
arboviruses among non-measles febrile rash cases in Coast, North-Eastern and
Nairobi Regions?

2. What are the distribution patterns of infections DENV, CHIKV and ZIKV
among non-measles febrile rash cases in Coast, North-Eastern and Nairobi

Regions?
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3. What is the association of patient demographic characteristics and the PRNT
findings among suspected measles cases in Coast, North-Eastern and Nairobi

Regions?

1.5. Objectives

1.5.1 General Objective

To determine the prevalence and distribution of DENV, CHIKV and ZIKV

arboviruses among non-measles cases in Coast, North-Eastern and Nairobi Regions.

1.5.2 Specific Objectives

1. To determine the prevalence and co-exposure of DENV, CHIKV and ZIKV
arboviruses among non-measles cases in Coast, North-Eastern and Nairobi
Regions.

2. To determine the distribution patterns of DENV, CHIKV and ZIKV
arboviruses among non- measles cases in Coast, North-Eastern and Nairobi
Regions.

3. To determine the association of patient demographic characteristics and
PRNT findings among suspected measles cases in Coast, North-Eastern and

Nairobi Regions.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Case-Based Surveillance of Measles in Kenya

Within Kenya, when clinicians suspect measles, they notify the SCDSC (sub-county
disease surveillance coordinator), who fills the case-centered form in duplicate and
gathers blood sample for lab analysis. The filled form and the specimen are taken to
the measles lab of KEMRI, the WHO-official national lab, and case particulars
warehoused in the central databank. Suspicion of a measles pandemic arise when
there are reports of at least 5 suspected measles cases from a hospital within one
month. The outbreak is proven once samples from at least 3 suspected measles cases
turn positive from lab analysis. According to WHO (2018), suspected measles case is
the incidence of a maculopapular rash and fever with at least one of the signs
identified by WHO.

Verified cases of measles are categorized as lab-proven, clinically compatible, or
epidemiologically associated. A case is lab-confirmed once ELISA (enzyme-linked
immunosorbent assay) detect measles-specific IgM antibody in serum, without
measles immunization in one month of prior to collection of specimen. On the other
hand, a suspected case is epidemiologically associated with a proven case once the
patients have contacted or reside in the same area as an individual with lab-proven
measles infection. Moreover, according to Kisangau et al. (2018), a suspect measles
case is clinically compatible once it meets the medical case description, nonetheless a

lab analysis or an epidemiological association is absent.

According to WHO (2018), surveillance indicators are computed as per the WHO
standard rules counting: 1) national-level non-measles febrile rash illness (NMFRI)
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rate (target of greater or equal to 2 NMFRI cases for every 100,000 population); 2)
fraction of sub-counties testifying at least one rash infection case each year (target
>eighty percent sub-county units); 3) aptness of sample arrival to the lab (described
as eighty percent arriving within three days of gathering); and 4) aptness in the
results’ feedback (described as eighty percent of results returned in one week of the

arrival of the sample to the lab.

2.2 Pathogenesis of the Measles virus

Measles is a systemic infection. The primary site of infection is alveolar macrophages
or dendritic cells. Two to three days after replication in the lung, the measles virus
spreads to regional lymphoid tissues followed by a systemic infection. Following
further viral replication in regional and distal reticuloendothelial sites, a second
viremia occurs 5 to 7 days after initial infection. During this phase, infected
lymphocytes and dendritic cells migrate into the sub epithelial cell layer and transmit
measles to epithelial cells. Following amplification in the epithelia, the virus is

released into the respiratory tract (CDC, 2021).

2.2.1 Rashes

A majority of communicable illnesses cause the presence of rashes in events of
febrile sicknesses. Getting the required information about communicable
exanthematous illnesses is indispensable due to varying gravity. For instance, some
communicable illnesses are severe, while others are mild and therefore do not
necessitate treatment since they are self-managing. Although rashes are an essential
part of the diagnosis of certain transmissible infections, rashes are non-specific results
that can’t be utilized to determine the diagnosis of an illness. Mostly, rashes are an
ancillary diagnosis of other infections, counting non-communicable illnesses.
Therefore, the identification of a febrile illness that is characterized by a rash requires

a comprehensive evaluation of a wide range of conditions. A skin rash is a typical
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symptom that may appear during the occurrence of a localized or systemic infection.
Hence, a skin rash is a clinically meaningful characteristic diagnosis for some

illnesses (Kang et al., 2015).

The classification of febrile rashes depends on several factors that include their
distribution, accompanying symptoms and morphology. Some of the various types of
rashes include purpuric petechial, pustular, erythema, nodular maculopapular, and
generalized diffuse and vesicular rashes. Other classification systems depend on
symmetry and distribution, where rashes are classified as either localized or systemic
(FOlster-Holst et al., 2009). In most instances, these rashes are neither related to the
disease nor the specific diagnosis. Other essential classification systems depend on
the causation or the occurrence pattern with non-infectious or infectious rashes and

acute or chronic rashes (Kang, 2015).

When compared to other virus-related exanthemata, measles virus infection provide a
distinctive rash appearance in the skin. For instance, Rubella rash has been defined as
macroscopically resembling measles rash, because it causes a pink-reddish
“rubelliform” maculopapular rash. Nonetheless, in rubella, virus-related infection
occurs deeper inside the dermis, as opposed to a measles skin infection which takes
place more superficially within the epidermis and the dermis. According to
(Takahashi et al., 1996), keratinocytes infection does not happen in rubella virus

infection.
2.2.2 Maculopapular rash

A maculopapular rash is the presence of a raised bump on top of a flat and reddened
spot on the skin, as shown in (Figure 2.1). Skin rash is a common characteristic of
some illnesses such as measles, rubella and scarlet fever. These are the typical

characteristics of maculopapular rashes:

1. Macules: that are flat in appearance
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Papules: that are small and round bumps
Flat and red spots: usually less than half an inch in diameter
It can appear anywhere on the body

a &~ DN

Other symptoms include headaches or fever (Husada et al., 2020).

Source: (Prevention, 2020)

Figure 2.1: Maculopapular rashes (CDC/Public Health Image Library)

Measles rashes: Measles is an infectious disease that is characterized by a skin rash.
The skin rash begins from behind the ears and progresses to the face, followed by the
neck, torso, and extremities over 2-3 days. When the rash stops evolving, the fever
disappears. Then lastly disappearance of the rash may be accompanied by dry
desquamation. Also, Koplik spots (enanthem) appear in the mouth either 12 h before
or within 24 h of rash appearance (Kang et al., 2015).
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Rubella rashes: The rash in rubella, like measles which starts from the face to the
body. It takes a few hours and occurs faster than measles, and the appearance of the
rash is a much lighter color. However, it is not easy to differentiate the rash from

measles within 24 h of onset (Kang et al., 2015).

Arboviral rashes: A maculopapular, scarlatiniform or morbilliform rash is observed

in the febrile phase of the dengue infection (Azfar et al., 2013).

The most commonly testified manifestation has been the generalized morbilliform
maculopapular rash with typically sparing the face and typical islands of intervening
skin. (Singal, 2017) argues that the rash develops in three to four days of the

inception of fever and is likely to lessen within seven days without some sequel.

The rash linked to zika virus is either papules (morbilliform) or micro papules
(scarlatiniform). The rash appears on the face and extends to the limbs and trunk. It
might affect soles and palms, which might become swollen. The rash starts to fade in
two to three days and goes way completely in seven days. Simultaneously, the eyes
turn red and sore and might be sensitive to light (Cordel et al., 2017). Also, small

petechiae, red dots, might be seen in the mouth on the palate.
2.3 Arbovirus Infections

Arboviruses are also known as Arthropod-borne viruses. They consist of more than
500 viruses that are found in three families; Bunyaviridae, Togaviridae (genus
Alphavirus) and Flaviviridae. Sandflies, hematophagous mosquitoes unite these
families, and ticks, which are their vectors (Artsob et al., 2017). More than 100
viruses can infect humans, who act as either primary hosts or dead-end hosts.
Livestock act as the amplifying or maintenance hosts, which acquire the virus
through zoonotic transmission from the dead-end hosts (Gubler, 2001). There is a
significant variation in viral epidemiology, ranging from sporadic, low-level

transmission to major outbreaks involving millions of cases. Viremic hosts are the
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source of blood meal for vectors, after which extrinsic viral incubation occurs,

consequently leading to viral amplification within the vector.

The infected vector may transmit the viruses to an uninfected vertebrate host during
subsequent blood-feeding, hence sustaining transmission patterns. The development
of disease in vertebrate hosts depends on a wide range of factors that include both the
host and viral factors. Several permissive conditions are related to active viral
transmission, which includes viremic maintenance hosts, as well as climatic
conditions that are suitable for the ecological and vector interactions between vectors
and the hosts (Gan et al., 2014). According to (Coffey et al., 2013), the viral life
cycle is a multistage process that constrains viral evolution and limits viral fitness.
Blood supply danger occurs in two instances: during the intrinsic incubation period, a
pre-symptomatic, and during any subsequent clinical illness (before viral elimination
from the bloodstream). Arboviral diseases have three main acute febrile syndromes
across all the infections; acute benign fever (often occurs with arthralgia) in
infections with chikungunya, the neuroinvasive disease of the central nervous system
(CNS) in West Nile infections and the hemorrhagic fever in infections with dengue.
These diseases often occur in tropical areas and subtropical and temperate regions
during summer periods because reproduction in arthropod vectors relies on high
ambient temperatures. The clinical manifestations of these diseases often overlap
with other common acute febrile illnesses, especially during the early phases. Cases
may be viremic and asymptomatic (Ludlow et al., 2016).

2.4 Clinical Manifestations of Arbovirus Infections

Human arboviral infections are usually asymptomatic or present with mild flu-like
symptoms. These arboviruses are of clinical importance in humans and veterinary
settings due to their association with diseases such as; arthritis, encephalitis,

hemorrhagic syndrome, febrile illness, rash, shock, and death (Muyeku, 2011).
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Arboviral infections may be categorized into four units: Acute short benign fevers
without or with an exanthema; acute central nervous system infection including mild
aseptic meningitis and encephalitis with paralysis, coma, and death; hemorrhagic
fever which may be external, internal or extensive, and linked to capillary leakage,
jaundice, shock, death, liver and damage; and rash and polyarthritis. According to
Alatoom et al. (2009), most human illnesses are asymptomatic or might cause
nonspecific flulike syndrome and just a tiny fraction of infected individuals advance

to frank encephalitis.

2.5 Transmission of Arbovirus Diseases

Transmission of arboviruses occurs between arthropod vectors and vertebrate hosts.
In mosquitoes (Figure 2.2), the arboviral infection begins when it feeds on a viremic
host. Once the virus enters the mosquito's midgut, replication occurs in midgut
epithelial cells, after which it moves to the hemocoel. Later, the virus is disseminated
to various secondary organs, including the salivary glands. Subsequently, mosquito
bites on different hosts initiate a new transmission cycle. The midgut and salivary
glands (anatomical barriers) prevent virus infection and escape. The virus and vector
complex interactions determine vector competence, which reflects the ability of the
virus to succeed in overcoming different barriers (Kuno et al., 2005). Sylvatic
transmission cycles between the invertebrate vector(s) and an enzootic vertebrate
reservoir lead to the spread of the virus. The viral level (viremia) in the amplifying
vertebrate hosts (non-human primates, birds, and rodents) must be high enough to
facilitate infection of the arthropod during the blood meal (Berthet et al., 2014). In
some instances, dead-end host transmission may occur during the enzootic cycle. In
these hosts, however, viremia is low, which reduces the chances of viral transmission
to an arthropod; hence they are not essential in the maintenance of the arbovirus
lifecycle. Two cycles maintain arboviruses in nature; these are the invertebrate
reservoir cycle and the vertebrate amplification cycle (Pfeffer et al., 2010). Various

hematophagous invertebrates act as vectors, but mosquitoes are used as representative
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vectors ( Karungu et al., 2019). Vertical transmission is common in arboviruses,
where an infected female mosquito transmits the virus through transovarial eggs
infection (Young et al., 2008). Venereal transmission occurs when infected male
mosquitoes transmit the virus to naive female mosquitoes. Amplification occurs in

the vertebrate host after the mosquito transmits the viruses during a blood meal.

The amplifying hosts have high viremias, and this may lead to transmission to other
hematophagous mosquitoes, which may be in the same or different species (Vasilakis
et al., 2008). Although domestic animals are considered dead-end hosts, epizootic
amplification cycles may occur in these animals. Also, in urban settings, some
arboviruses such as DENV rely on human amplification. Other factors that
significantly affect the lifecycle of arbovirus are the immune status of host
populations, geography, and climate. Studies describe two climate-dependent
transmission patterns with temperate and cold climates. In temperate climates, viral
transmission occurs during the warmer months, which leads to disease absence
during the colder months. In cooler climates, virus persistence is usually due to

overwintering in the mosquito's eggs (Gubler, 2002) (Figure 2.2).
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Figure 2.2: Transmission of arbovirus infection by mosquitoes to humans
2.6 Epidemiology of Arbovirus Infections

The worldwide distribution of arboviruses represents approximately 30% of all
infectious diseases (Jones et al., 2008). The occurrence of arboviral diseases is
influenced by a wide range of ecological, socioeconomic and environmental factors,
despite the difference in variability in the epidemiology of each virus (Morens et al.,
2004). Arboviral disease emergence and re-emergence are significantly affected by
human behaviour. For instance, the highly efficient, anthropophilic mosquitoes can
easily spread arboviruses during modern travel and trade (Fonseca et al., 2004;
Benedict et al., 2007). Other factors that have increased the instances of human
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contact with the viruses and their vectors are lumbering and forest-based commercial
activities, agricultural development, environmental factors, and population growth.
Moreover, poor urbanization and crowded, substandard living conditions associated
with the unavailability of enough water and poor waste management ensure that
mosquitoes have ideal breeding sites. Climate change also significantly influences the
emergence and re-emergence of arboviral diseases (Elliott, 2009). For instance,
lengthened warm weather conditions facilitate the existence of vector populations.
Additionally, such weathers provide opportunities for vector range, vector
composition, vertebrate host, and dynamics changes (Weaver et al., 2010). Increased
precipitation cycles, such as those experienced during El Nifio/Southern Oscillation
(ENSO) phenomenon warm phases, lead to increased outbreaks of arbovirus and the
increased abundance of mosquito vectors and their host-seeking activities (Linthicum
etal., 1999).

Kenya is known to be endemic for DENV and CHIKYV, which continue to be detected
in low levels to date. The risk of YF infections spilling into the country is very high
and YF antibodies have been detected recently (Chepkorir et al., 2019; Inziani et al.,
2020). The other viruses such as ONNV, SINV, SFV, ZIKV and WNV have been
detected in previous studies. These viruses are of public health importance in the
country. Forty percent (345/868) of the samples tested positive for dengue by either
IgM ELISA (Konongoi et al., 2016). 52.9% (100/189) tested positive for CHIKV by
either IgM ELISA (Konongoi et al., 2018).

2.6.1 Distribution of Arboviruses

Dengue virus has been detected in Africa, Tropical Asia-Pacific, North-East
Australia, South and Central America. ZIKV has been detected in Africa, Asia
Pacific, South, Central America and North America. Chikungunya virus has been
detected in Africa, the Middle East; Europe; Asia; the Americas; Oceania as shown in
Table 2-1 (Braack et al., 2018).
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Table 2.1: Distribution of arboviruses, mosquito-host species and amplifying

host.
Virus Acronym  Distribution Mosquito-host Amplifying
species host
Dengue DENV1- Africa, Tropical/ sub-  Ae. aegypti Humans
4 tropical Asia-Pacific,
North-East Australia;
South and Central
America
Zika ZIKV East, West and  Ae. aegypti Several
Southern Africa, species
Asia Pacific, South  Ae. africanus of African
and Central
America, North non-human
America
Ae. albopictus primates
Chikungunya  CHIKV Africa: Benin,  Ae. aegypti, Non-human
Burundi, Cameroon,
Central African  Ae. africanus, primates,
Republic, Comoros,
Democratic Republic humans

of Congo,
Equatorial ~ Guinea,
Gabon, Guinea,
Kenya, Madagascar,
Malawi,

Mauritius, Mayotte,
Mozambique,
Nigeria, Republic of
Congo, Reunion,
Senegal, Seychelles,
Sierra Leone,

South Africa, Sudan,
Tanzania,

Uganda, Zimbabwe;
Middle East;
Europe; Asia; the
Americas; Oceania

Ae. albopictus,
Ae. cordellieri,

Ae. furcifer,

Ae. fulgens,

Ae.luteocephalus,

Ae. neoafricanus,

Ae. taylori,
Ae. vittatus
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2.7 Dengue Virus

Dengue virus denotes a Flavivirus that has a major worldwide burden, since it is
present in more than one hundred nations globally and causes about three hundred
and ninety million infections annually worldwide. According to WHO (2020), the
virus is spread by Aedes (Stegomyia) mosquitoes, while non-human apes are the
reservoirs. It is a single-stranded RNA virus that is a positive sense. Its genome codes
7 nonstructural and 3 structural proteins. The envelope glycoprotein triggers
interactions with cell surface receptors, thus facilitating the virus entry into the cells.
It takes roughly four to seven days for the virus to duplicate in the dendritic cells near
the bite location and ultimately join the blood after infecting the lymphocytes and
macrophages. There exist 4 serotypes of the dengue virus that are antigenically
dissimilar and may cause illnesses like DSS, DHF and DF. According to WHO
(2020), symptoms of dengue include fever that comes along with two of the
following signs throughout the febrile stage: rash, aching around the eyes, swollen
glands serious headache, joint and muscle pains, vomiting, and nausea. Also, there is
no effective vaccine and treatment for the 4 dengue serotypes, hence it is not possible
to manage the transmission of the illness, particularly in pandemic zones (Nedjadi et
al., 2015). According to WHO (2017), there are about 5 vaccine candidates under
assessment in scientific trials, counting DNA, other live-attenuated subunit and
vaccines, along with purified inactivated vaccine candidates. Moreover, they are
technological methods like VLP-based and virus-vectored vaccines that are under

investigation in pre-clinical assessments.

2.8 Zika Virus

Sporadic cases of the Zika virus among humans have been identified in Sub-Saharan
Africa and some parts of Asia (Kindhauser et al., 2016; Petersen et al., 2016).
However, in 2007, it was when the clinical importance of the virus was recognized

(Duffy et al., 2009). The first viral outbreak among humans occurred in Micronesia at
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the Yap Island happened in 2007, but no reports on deaths or hospitalization were
made. Various clinical symptoms recorded were arthralgia, headache, malaise, rash,
and mild fever (Paixdo et al., 2016). The first outbreak of viral infection in American
countries was reported in 2015, as the infection rapidly spread through the Caribbean
and Central and South America (WHO, 2018). Zika virus is associated with
congenital disabilities and congenital diseases, including Guillain-Barre syndrome
and microcephaly. Mosquitoes of the Aedes genus are the primary Zika virus vectors

that are present in various parts of the world (WHO, 2018).
2.9 Chikungunya Virus

Chikungunya virus (CHIKV) causes chikungunya fever that is an acute febrile illness.
The virus is an arthropod-borne alphavirus transmitted by mosquitoes of the Aedes
species (WHO, 2020). Mosquito bites transmit the virus to humans. Its importance as
a human pathogen was recognized in the 1950s in Africa, and over the years,
numerous cases have been identified in both Asian and African countries (WHO,
2020). Symptoms of CHIKV infection include high fever, rigors, headache,
photophobia and a petechial or maculopapular rash (Schwartz et al., 2010). The re-
emergence of CHIKV occurred in Kenya in 2004, where it spread eastward, leading
to millions of cases in the countries within the Indian Ocean (WHO, 2007; Powers et
al., 2007; Sergon et al., 2008). The epidemic had a significant impact on health care
and public health infrastructure and also resulted in morbidity. An outbreak of
CHIKYV occurred in Italy in 2007 (Rezza et al., 2007), an epidemic that proved the
ability of the virus to move to novel ecological niches, including the Western
Hemisphere Europe and Australia. The virus likely originated in Central/East Africa
(WHO, 2020). It circulates via the sylvatic cycle between the forest-dwelling
mosquitoes of the Aedes species and non-human primates in these regions. Although
there are sporadic human cases in these areas, large human outbreaks are rare. The
cycle is, however, similar to that of dengue viruses in urban areas. Two vectors that

transmit the virus in urban areas are A. aegypti and A. albopictus mosquitoes (Powers
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et al., 2007). Several minor periodic outbreaks were recorded through the years, the
2004 outbreak that occurred on the Kenyan coast was the first most massive epidemic
(Powers et al., 2007; Sergon et al., 2008). The virus spread to other countries along
the Indian Ocean, including India and parts of South-east Asia, within four years
(Sergon et al., 2007; Sergon et al., 2008). Around 18 countries from various
continents including, Europe, Asia, and North America, recorded imported cases of
chikungunya fever. Some of the countries developed a local viral autochthonous

transmission (Powers et al., 2007; Chretien et al., 2007).
2.10 Seroprevalence of Arboviruses in Africa

In Africa, the first officially recognized dengue outbreaks were reported in Zanzibar
in 1823 and 1870. In the early 20th century, outbreaks of dengue fever were
reported from South Africa, Egypt, Senegal, and Burkina Faso. By 2020, sporadic
cases or outbreaks had been reported in 46 countries in Africa. These countries
include Burundi, Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi,
Mauritius, Réunion, Rwanda, Seychelles, Somalia, Tanzania, Uganda, Sudan, and
South Sudan (East Africa); Benin, Burkina Faso, Cape Verde, Cote D’Ivoire,
Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria,
Senegal, Sierra Leone, and Togo (West Africa); Cameroon, Central African Republic,
Chad, Congo, the Democratic Republic of the Congo, Equatorial Guinea, and Gabon
(Central Africa); Angola, Mozambique, Namibia, Zambia, and Zimbabwe (Southern
Africa); and Egypt (North Africa) (Simo et al., 2019). All four DENV serotypes have
been reported in Africa. In a recent meta-analysis, the overall seroprevalence of
DENV in healthy individuals was 15.6% (95% confidence interval 9.9-22.2%)
(Ayukekbong et al., 2017). The seroprevalence of dengue in different regions on the
African continent was mostly below 40%, but seroprevalence studies from Mali,
Nigeria, Sierra Leone, and Sudan reported regional 19gG frequencies of more than
70% (Adam et al., 2021). Evidence indicates that DENV, YFV, ZIKV and CHIKV
are endemic in Africa (Amarasinghe, Kuritsk, Letson, & Margolis, 2011).
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2.11 Seroprevalence of arboviruses in Kenya

Seroprevalence studies carried out recently in the country have found DENV, CHIKV
and ZIKV to be circulating (Njenga et al., 2008, Mease et al., 2011; LaBeaud et al.,
2015; Ofula et al., 2016; Ochieng et al., 2015; Sergon et al., 2007; Sutherland et al.,
2011; Tigoi et al., 2015; Vu et al., 2017; Waitumbi et al., 2018; Chepkorir et al.,
2019; Kimata et al., 2020; Hunsperger et al., 2020; Inziani et al., 2020). Detection of
these viruses is hindered by poor diagnosis due to non-specific clinical presentation
and limited surveillance that is being conducted in Africa (Sang et al., 2001).
Epidemics of DENV and CHIKV have occurred recently in Kenya (Konongoi et al.,
2016; Konongoi et al., 2018; Lutomiah et al., 2016) and continue to circulate in low

levels to date.

2.12 Co-Infection of Arboviruses in humans

Several studies have established a relatively high number of patients co-infected with
CHIKV/DENYV (2-26.3%), with such outbreaks being found in Gabon (Caron et al.,
2012), Angola, Gabon, India, Madagascar, Malaysia, Myanmar, Nigeria, Saint
Martin, Singapore, Sri Lanka, Tanzania, Thailand and Yemen (Furuya-Kanamori et
al., 2016). Moreover, a clinical study conducted in Nicaragua in 2016 identified that
about 27% of the patients infected with arbovirus were viremic for multiple agents,
including a combination of agents such as ZIKV, DENV and CHIKV (Waggoner et
al., 2016) and Colombia (Mercado-Reyes et al., 2019). Cases of co-infection have
been reported in several regions throughout the world; hence the phenomenon of
arboviral co-circulation and co-infection is becoming common. Regions with reports
of these cases include the Pacific (New Caledonia), South America (Colombia and
Brazil), the Caribbean (Haiti) and Africa (Nigeria and Angola) (Karpf et al., 1997;
Musso et al., 2017; Vogels et al., 2019). These findings, therefore, suggest that in

pandemic and endemic regions, co-infections are common. In Kenya, arbovirus
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infections are known to co-circulate in the same region, particularly in the Coastal
and North-Eastern Region, hence humans have multiple exposures.

2.13 Co-infection of arboviruses in mosquito vectors

A study by Rohani et al. (2009) established that Ae. aegypti may be stubborn to
CHIKV/DENV co-infection. Studies by Vazeille et al. (2010) and Nuckols et al.
(2015) found out the co-infection ability of Aedes mosquitoes to be CHIKV/DENYV as
its ability to expectorate both viruses in their saliva. Out of all the studies conducted
concerning DENV/CHIKV co-infection, five studies were performed on
entomological surveys to assess the vector(s) associated with co-infection (Lanciotti
et al., 2014; Kakumani et al., 2013; Musso et al., 2017; Chan et al., 2012; Weger-
Lucarelli et al., 2016). In the South-East Asian region, specifically India in 1964, and
Myanmar in 1970-1972, Ae.aegypti was the identified primary vector (Kakumani et

al., 2013; Weger-Lucarelli et al., 2016) causing co-infections.

For the co-infections in the African region, specifically Gabon (2007-2010) and
Madgascar (2006) co-infections, Ae. albopictus was the primary vector (Chan et al.,
2012; Lanciotti et al., 2014; Musso et al., 2017). Mosquitoes which bite patients who
are viremic and co-infected have a high risk of acquiring multiple agents. Ae. aegypti
can, therefore, can be co-infected and therefore co-transmit arboviruses, an aspect
that has important implications for viral evolution and epidemiology. There is,
however, limited knowledge and an understanding of the issue of the ability of Aedes

mosquitoes to be co-infected and co-transmit arboviruses.

2.14 Risk Factors and Susceptibility to arboviruses

The virus, vector, wild vertebrate host, environmental and humans factors affect risk
factors for arboviruses infection. Exposing oneself to mosquito vectors with an
arbovirus is one of the risk factors for arboviruses infection. Huang et al. (2019)

argue that an augmented amount of infected vectors and the accessibility of non-
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immune vulnerable human hosts upsurge the possibility of infection. Human
undertakings which connect them to forest mosquitoes, for instance, clearing
woodlands for farming activities, gathering and hunting, as well as visiting forests
surge the possibility of exposure. Also, altering lifestyles renders individuals
vulnerable to arthropod biting. For example, urbanization, along with bad drainage
and bad waste disposal with open discarded containers and sewers that gather
rainwater, building of irrigation dams and schemes, and water storage practices
enhance mosquito vector diversity and provide other breeding habitats and renders
individuals vulnerable to biting from domesticated Aedes mosquitoes which breed
within these places. What is more, visiting pandemic zones is a risk factor for
vacationers, while augmented air travel results in the conveyance of vulnerable
individuals into pandemic zones and viruses and vectors into fresh habitats.
Mosquitoes may bite youngsters when herding cattle, playing near forested regions,
sleeping without a mosquito net, or fetching firewood. According to Kolawole et al.
(2018), both sexes and all age groups are at risk of CHIKV infection. The senior
along with the immuno-compromised, as a result of organ transplant, HIV/AIDS,
individuals on chemotherapy, and diabetics are more vulnerable to clinical illness
from infection by arbovirus. Imperceptible infections are prevalent in CHIKV
infection, particularly in kids, amongst whom the explicit illness is uncommon.
Arthritis happens most commonly amongst adult females in epidemic polyarthritis
triggered by the two viruses. Nonetheless, mild infections and asymptomatic illness
are prevalent in all the arbovirus infections, and long-term homologous immunity
follows recuperation. Thus, as stated by Pierson et al. (2020), the most vulnerable

age-group in pandemic zone is mostly youngsters who lack immunity to arboviruses.

2.15 Antibody Response to Arbovirus Infection

After arbovirus infection, IgM is seen in the bloodstream in 3-5 days and can persist

for 6 months to one year. Lima et al. (2012) state that IgM is an indicator of recent
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infection, while IgG arises in two weeks and can last for a lifetime, and it indicates

past infection with arbovirus.
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Figure 2.3: Antibody profile when infection by Dengue Virus
2.16 Laboratory Diagnosis of Arbovirus Infections

In Kenya, diagnostic analysis for arbovirus illnesses are costly and are not freely
obtainable in the medical setting. Nevertheless, certain of the examinations are

obtainable in a research context at KEMRI. The examinations are explained below:
2.16.1 Virus isolation

Viral isolation by cell culture is the most definitive test for the detection of viruses in
patient samples. This is usually achieved by infection of cells grown in a controlled
artificial environment with viral containing samples and observation of

morphological changes in the cells. Cells commonly used to isolate arboviruses
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include Vero cell lines obtained from the kidney of an African green monkey and
C6/36 Aedes albopictus larvae cell lines. Virus isolation can also be achieved by
inoculating serum samples collected within 24-48 hours of disease onset into
susceptible animal models like suckling mice. This method is strictly carried out in a
bio-safety level (BSL) 2 or 3 laboratories and the results usually take up to 2 weeks to
be released (Artika et al., 2017). Insect cell lines are very sensitive to the dengue
virus: the most widely available in the C6-36 cell line derived from A.
albopictus, CHIKV will produce cytopathic effects in various mammalian cell lines.
In vitro cell, culture methods using mosquito cell lines (C6/36) and other mammalian
cell lines (BHK-21, HeLa and Vero cells) that produce cytopathic effects have

comparable sensitivity to in vivo methods (Fujita et al., 2018).

2.16.2 Nucleic Acid Amplification Test

Tests such as reverse transcription-polymerase chain reaction (RT- PCR) and reverse
transcription loop-mediated isothermal amplification assay (RT-LAMP) are available
to detect arboviral nucleic acids in serum samples obtained from patients in acute
phases (Kutsuna et al., 2020; Stanley et al., 2021). RT-PCR results are usually
available within 1 or 2 days, while the RT-LAMP can yield results within a few hours
(Silva et al., 2019).

Severe infection may be identified molecularly through detection of virus-related
RNA through RT-PCR (reverse transcription-polymerase chain reaction) or through
antigen examinations. A nucleic acid amplification test measures and amplifies the
genetic material of arbovirus to identify the existence of the virus. This test may
identify an existing infection with the virus, before antibodies to the virus can be
detected, nonetheless, there ought to be a particular amount of virus existing in the

specimen to identify it.
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2.16.3 Serological diagnosis

Serological approaches, for instance ELISA (enzyme-linked immunosorbent assays),
can confirm the existence of a past or recent infection by detecting IgG and IgM
antibodies. According to Tardei et al. (2000), the IgM antibodies can be detected 7
days after infection and are peak at two to four weeks after the inception of infection.
These antibodies stay noticeable for around three months. 1gG antibody amounts take
a longer time to increase than IgM, nonetheless they remain in the body for several
years. The existence of IgG indicates a previous infection, while IgM indicate a

recent infection.

Commonly used tests are the IgM capture enzyme-linked immunosorbent assay
(MAC-ELISA) which can be bought commercially or use in house kits eg CDC
ZIKA MAC-ELISA which are developed in the laboratory and the indirect IgG
Enzyme-Linked Immuno-sorbent Assay. Results of MAC-ELISA are ready in 2-3
days. Cross-reactivity between antibodies against other viruses in the same family of
Alphaviridae and Flaviviridae is a common problem with ELISA tests. For instance,
a cross-reaction between CHIKV, ONNV, SFV or SINV may occur when testing for
an Alphavirus. A virus confirmatory test can be performed using PRNT, focus
reduction neutralization tests (FRNT), while a specific virus type can be confirmed
by PCR (Muyeku, 2011). Tests for measuring neutralizing antibodies are particularly
useful in confirming both the diagnosis and for determining the serotype of an isolate
(Guzman et al., 2010).

Plaque reduction neutralization tests (PRNT) can measure virus-specific neutralizing
antibodies and may be able to determine the cause of the primary infection with high
specificity and clarify cross-reacting results; however, PRNT is expensive and very
labour intensive (CDC, 2016).
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2.17 Prevention of Arbovirus Infections

According to WHO (2016), the inhibition of flaviviruses and alphaviruses is focused
on path control and guarding people from mosquito bites by destroying breeding
sites, insecticide-treated nets, insecticide sprays, as well as insect repellants to prevent
insects from entering the house. Failloux et al. (2017) note that regular surveillance
of vertebrate hosts and susceptible vectors is employed to identify arbovirus activity
promptly, so that precautionary measures could be introduced before outbreaks take
place. Virus-like particle vaccine, subunit vaccine, inactivated vaccine, live-
attenuated vaccine, chimeric vaccine, nucleic acid vaccine, and recombinant virus-
vectored vaccine have been established; CHIKV commercial vaccine is expected to
be developed soon (Edelman et al., 2000; Wang et al., 2011). Vaccines for the other

arboviruses such as DENV are currently under clinical trials.
2.18 Treatment and Management of Arbovirus infections

According to Goh et al. (2020), there is no cure for arbovirus infections. However,
their management mostly supports treatment of symptoms like paracetamol for fever
and painkillers for arthralgia. Also, bed rest is highly recommended. Moreover,
intravenous fluid replacement is crucial treatment for hemorrhagic fever.
Nevertheless, in case of severe hemorrhagic fever, a blood transfusion might be
necessary. Arboviral infections generally are self-limiting and there are no specific
treatments available. Supportive care, including fluid resuscitation, and analgesia (if

needed for joint, muscle, or bone pain) are the mainstays of management.
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CHAPTER THREE

MATERIALS AND METHODS

3.1. Study Sites

The archived sera were collected from health facilities in Nairobi, Coast and North-

Eastern Regions (Figure 3.1) in Kenya.
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Figure 3.1: Map of Kenya showing the study sites and total numbers of samples
used in that particular site: Nairobi Region, Coast Region (Mombasa, Kwale,
Kilifi, Tana-River, Taita-Taveta and Lamu) and North-Eastern (Wajir,

Mandera and Garissa).
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3.2.1 Nairobi County

Nairobi County is the capital city of Kenya. It is situated in the south-central part of
the country that lies (01° 17" 36 ° 48°E). It is located at an altitude of 1661 m above
sea level with an average monthly temperature range between 22° and 28° (Agha et
al., 2017). Nairobi County has not reported any arbovirus outbreak. Still, cases are
detected randomly e.g dengue and chikungunya, in patients with travel history from
endemic areas (Konongoi et al., 2016) but were included in this study as a
comparative site major travel hub with a high risk of virus introduction and

transmission.

3.2.2 North-Eastern region

This region comprises 3 counties; Garissa, Wajir and Mandera. This region
experiences low rainfall, has high temperatures, proximity to the lakes and rivers, has
forested areas and wildlife. These environmental factors promote the transmission of
arboviral infections by mosquitoes. Also, the region borders countries like Somalia
and Ethiopia, which have experienced various arboviral outbreaks. During rainy
seasons, these areas experience flooding providing good breeding grounds for the
vectors (Arum et al., 2015).

3.2.3 Coastal region

The region comprises six counties namely; Mombasa, Kwale, Kilifi, Tana River,
Taita-Taveta and Lamu. Being a holiday destination, there is a constant influx of
travelers from all over the world. It has environmental factors that favour
transmission of arboviral infections such as low rainfall, high temperatures, closeness
to the ocean and rivers, forests, presence of wildlife and birds, putting the region at
risk of infection (Lutomiah et al., 2016; Nyamwaya et al., 2016; Agha et al., 2017).
Some areas like Tana River County experiences occasional flooding, which provides

breeding grounds for the vectors.
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3.2 Study Design

This was a retrospective study that utilized archived human sera collected from
January 2008 to December 2014.

3.3 Study Samples

This study utilized archive samples from measles case-based surveillance collected
from North-Eastern, Coast and Nairobi Regions. The Measles surveillance in Kenya
follows the World Health Organization guidelines, in which a suspected measles case
is defined by a patient having fever and one of the following symptoms: rash, cough,
coryza, or conjunctivitis. The samples were stored in the World Health Organization
/Ministry of Health Regional Reference Laboratory at the Kenya Medical Research
Institute -Expanded Programme on Immunization (EPI) laboratory at 20°C and the

volume was 200pl.
3.4 Sample Size Determination

The minimum sample size required for this study was calculated using the formula
developed by Cochran (Cochran, 1963). The prevalence used to calculate the sample
size was 51%; this was based on a serosurvey study by (Labeaud et al., 2013). The
sample size was estimated using DENV ‘s prevalence of 51% as previously described

by (Naing et al., 2006). The sample size was thus determined as
N= Z? P (1-p)/d?

N =sample size
Z = Standard normal deviation at the required confidence interval (1.96)

p = proportion in the target population estimated to have measured character
(@=1-p)

d = level of statistical significance at 95% confidence level = 0.05
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=1.96% x 0.51 (1-0.51)/0.05%=385

385 was the minimum number of samples to be used in this study, to which 7 samples
were added in case there was not enough serum in some of the vials, making a total of

392 samples.
3.5 Sampling Criteria

A simple random sampling procedure was used. The investigator used the database to
identify the negative samples to both measles and rubella and captured their district
of residence (regions). The total number of negative samples for both measles and
rubella IgM antibodies was calculated. The percentage of negative samples in each
year was calculated by dividing the total number of negative samples in that year by
the total number of negative samples multiplied by 100. The sample size of 385 was
distributed proportionately according to year and sites.

The required number of negative samples in each region was randomly selected from
the total number of negative samples in that region in that year. Random numbers
were generated using a computer and using the sample interval that determined every
k™ sample to be selected from a list of samples received from (2008-2014) from the

three regions.
3.6 Laboratory Procedures
3.6.1 Enzyme-Linked Immunosorbent assay (ELISA)

The samples were heated-inactivated at 56°C then screened for Dengue Virus
(DENV), Chikungunya Virus (CHIKV). This was done using commercial Kits,
namely: DENV IgG (Novatec GMBH), DENV IgM (Novatec GMBH), CHIKV IgM
p-capture (Novatec GMBH), CHIKV IgG capture ELISA kit (Novatec GMBH)
(Appendix 1) as per the manufacturer’s instructions. Briefly, CHIKV/DENV IgG
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microplates were coated with anti-human Ig antibodies. The diluted samples, positive
and negative controls were added and incubated at 37 °C for 1 hour. After 1 hour,
wells were washed to remove all unbound antibodies, the antigen was added and
plates were incubated at room temperature. Next, the plates were washed, the detector
antibody was added into all the wells and the plates were incubated at room
temperature. After washing, horseradish peroxidase (HRP) labelled streptavidin was
added to bind to the captured specific immune complex, washed and the immune
complexes were visualized by adding Tetramethylbenzidine (TMB) substrate which
gave a blue colour. Stop solution was added to stop the reaction, which produced a
yellow colour. The absorbance was measured at 450 nm using ELISA plate reader
ELx800 (Biotek).

Serologically, CHIKV/DENV IgM was detected by ELISA. Briefly, the microplates
were coated with anti-human IgM antibodies to bind to the corresponding antibodies
of the diluted samples. All the other steps were followed as described for
CHIKV/DENYV IgG and the absorbance was measured at 450 nm using ELISA plate
reader ELx800 (Biotek).

For ZIKV, a laboratory-developed test (CDC Zika MAC ELISA) was developed.
Briefly, a 96 well immunological plate was coated with diluted goat anti-human IgM
(1:2000) in coating buffer (CDC-Fort Collins Arbovirus Disease Branch) followed by
overnight incubation at 4° C. The following day, the coating buffer was discarded.
The wells were then coated with blocking buffer (5% Skimmed milk, 0.5% Tween 20
and Phosphate Buffered Saline (PBS) for 30 minutes. This was followed by washing
the plates 5 times. The patients’ serum, positive control and negative control were
diluted (1:400) and added into their respective wells, then incubated at 37°C for 1
hour. After incubation, the plates were washed 5 times. ZIKV antigen and normal
antigen were diluted (1:2000) and added into their respective wells. The plates were
then incubated at 4°C overnight. After the incubation and washing step, diluted
conjugate (DB621-HRP) in blocking buffer (1:4000) was added to all the wells,

48



followed by another wash 5X and incubation. Tetramethyl benzidine (TMB) substrate
was added to all the wells in the dark and then added stop solution. The optical
density (OD) values were read using an ELx800 absorbance reader at 450nm (CDC,
2018; Basile et al., 2018) (Appendix 1).

3.6.2 Virus propagation, Confirmation and Quantification

Dengue, ZIKV, CHIKV and other arboviruses were propagated in Vero cell lines and
C6/36 cell lines as previously described (lgarashi, 2008).

3.6.2.1 Virus propagation

Virus isolates were propagated in the laboratory in Vero cells and C6/36 cells
cultured in MEM Minimum Essential Medium (MEM) (Gibco) and Dulbecco's
Modified Eagle Medium (DMEM) (Gibco) supplemented with 10% Fetal bovine
serum (FBS) (Gibco), 2 mM L-glutamine, 1X penicillin/ streptomycin respectively.
200ul of the virus isolate was inoculated onto an 80% confluent monolayer in a
25cm? cell culture flask (Corning), incubated for 1 hr at 37°C and 5ml of
maintenance media with 2% FBS was added. The flask was observed daily for
cytopathic effects (CPE) and infected culture supernatant (ICF) was harvested when
70%-80% CPE was observed. The flasks were frozen at -80 °C overnight to lyse cells
and release bound viruses from the cells. The ICF was clarified by low speed
centrifugation at 2800 revolutions per minute (rpm) for 10 minutes to separate the
virus from cellular debris. The supernatant was harvested and stored in 1ml aliquots
at -80 °C (lgarashi, 2008) (Appendix 2).
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3.6.2.2 Virus confirmation by Polymerase Chain Reaction
a) RNA extraction

The viral RNA was purified from the cell culture supernatant using the QlAamp Viral
RNA Mini kit spin protocol (QIAGEN-USA) as per the manufacturer’s instructions.
Briefly, 140 ul of the culture supernatant was added to 560 ul of lysis buffer
containing carrier RNA, incubated for 10 minutes at room temperature and 560 pl of
absolute ethanol added to the mixture. 630 ul of the resultant solution was applied to
a QIAamp mini-column in 2 ml collection tubes and spun at 7500 rpm for 1 minute.
This step was repeated twice with the remaining solution after which 500 ul of wash
buffer was applied to the column, centrifuged at 13700 rpm for 3 minutes and the
filtrate discarded. 60 ul of the elution buffer was added then be added to the spin

column and the latter spun at 7500 rpm for 1 minute to elute the purified viral RNA.

b) Complementary deoxyribonucleic nucleic acid (cDNA) synthesis from viral
RNA

In a 200 pl PCR tube, 10 pl of the extracted sample RNA was mixed with 2 pl of 50
ng/pul random hexamer primer and 1 pl of 10 mM deoxy nucleotide solution (dNTPs),
and incubated in a thermocycler for 5 minutes at 65°C and immediately chilled for 1
minute at 4°C. The following components were then added to the PCR tube: 4 pl of
5X First Strand Buffer (Invitrogen), 1 ul of 0.1 M DTT, 1 pl of RNAse OUT (40
U/ul) and 1 pl of Superscript III Reverse transcriptase (200 U/ul). The mixture was
then incubated in a thermocycler for 5 minutes at 25°C, 50 minutes at 50°C and 15
minutes at 70°C. A total of 20 ul cDNA was obtained (Konongoi et al., 2018).

c) PCR amplification

The PCR amplification of targeted viral sequences in the cDNA was performed in a

25-pL reaction containing: 12.5 pl of Amplitaq Gold 360 PCR master mix (Applied
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Biosystems USA), 0.5ul of 50 picomoles each of forward and reverse primer, 2 pl of
the ¢cDNA and 9.5 pl of DEPC treated water. Samples were first tested using
alphavirus family primers (VIR2052F 5'-TGG CGC TAT GAT GAA ATC TGG
AAT GTT-3)'and (VIR2052R 5'-TAC GAT GTT GTC GTC GCC GAT GAA-3)
and flavivirus family primers (FUL1 5- TAC AAC ATG ATG GGA AAG AGA GAG
AA-3'and CFD2 5'- GTG TCC CAG CCG GCG GTG TCA TCA GC-3') (Konongoi
et al., 2018). In all the PCR reactions and a negative control was included.
Electrophoresis of the amplified DNA products was done on a 2% agarose gel in 1%
Tris-borate EDTA buffer stained with ethidium bromide. An ultra-violet (UV) trans
illuminator was used to visualize the PCR product bands and images recorded using a

gel photo imaging system (Sang et al., 2003) (Appendix 3).

Table 3.1: Primers used in this study

Virus Primer Primer sequence Cycling conditions
Alphavirus  Vir2052F 5-TGG CGC 95°C 95°C (30 72°C (10 4°C
TAT GAT GAA (10 seconds) minutes)  (hold)
ATC TGG AAT minutes) 49°C (30
GTT-3' seconds)
Vir2052R 5'-TAC GAT 72°C (30
GTT GTC GTC seconds) for
GCC GAT GAA- 35 cycles
3/
Flaviirus Ful 5-TAC AAC 95°C 95°C (30 72°C (7 4°C
ATG ATG GGA (10 seconds) minutes)  (hold)
AAG AGA GAG minutes) 55°C (30
AA-3' seconds)
68°C (45
seconds) for
35 cycles
CDF2 5-GTG TCC
CAG CCG GCG
GTG TCA TCA
GC-3’

3.6.3 Plaque assay

Quantification of the viruses: CHIKV, DENV, ZIKV and other targeted arbovirues
was done as previously described by ( Russell et al., 1967; Kaur et al., 2016). These
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viruses were characterized previously and stored in the laboratory. Vero cell lines
derived from the African green monkey kidney were used in the study. Serial
dilutions of the virus inoculum were performed by adding 50ul of the virus inoculum
to the plate containing 450ul of maintenance media. Serial dilutions of 1:10 for each
virus were performed by transferring 50ul to the consecutive Eppendorf tubes. 100pl
of the appropriate virus dilution was used to infect 70% confluent Vero cells on the
plates. The plates (Corning) were incubated for 1lhr at 37°C in 5% CO; to allow
adsorption. 2.5% methylcellulose was then used as an overlay medium by adding 2
milliliters into each well (12 well) and incubated at 37°C in 5% CO> and observed for
plaque formation. After plaques were formed, the overlay media was discarded, and
the plaques were fixed on the appropriate days with 3% formaldehyde and left
overnight. The formalin was gently poured out, and 2ml of (0.5%) crystal violet was
added to stain the plaques and washed to remove excess stain. The plates were left to
dry. The virus titre was estimated as plaque-forming units per ml (pfu/ml) (Appendix
4).

Number of plagues

Plague forming units per ml (pfufmg) = Dilution factor x volume

3.6.4 Plaque reduction neutralization test (PRNT)

Plaque Reduction Neutralization Tests were conducted to confirm the ELISA positive
results (WHO, 2007; Roehrig et al., 2008) for CHIKV, DENV and ZIKV and rule out
cross-reactivity with viruses in the same family. The PRNT panel selected for
detection of alphaviruses for CHIKV ELISA positive included Semliki Forest Virus
(SFV) (mosquito isolate), Sindbis (SINV) (mosquito isolate), O 'nyong nyong
(ONNV) (SG 650) and CHIKV (Lamu 33 isolate) viruses (Kimata et al., 2020). The
panel for flaviviruses for DENV and ZIKV positive included DENV (008/01/2012
isolate), ZIKV (MR766), YFV (mouse brain inoculation) and WNV (mosquito isolate
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from Kenya) (Chepkorir et al., 2019) were obtained from the KEMRI Viral
Haemorraghic Fever (VHF) laboratory. The viruses used in this study were selected
because they are known to be circulating in parts of the country the samples were
collected from. Each virus was diluted to a standard concentration to produce
approximately 20-50 plaques/well in 24-well tissue culture plates (Corning)
containing a monolayer of Vero (African green monkey cells ATCC). Each serum
sample was serially diluted from 1:20 to 1:320 using maintenance media in sterile
Eppendorf tubes. A constant volume of the diluted virus with the required
concentration was added into each 1.5 ml tube (Eppendorf) containing the diluted
serum from 1:20 to 1:320 and incubated for 1 hour at 37°C. The virus-serum mixture
(30ul of the diluted virus with 30pl of the diluted serum) was then transferred to 24-
well plates (Corning) with confluent Vero cell monolayers (African green monkey
cells ATCC) and incubated at 37° C, 5% CO> for 1 hour for adsorption process, after
which an over-lay of 2.5% methylcellulose (Sigma) was added. After 3-14 days,
depending on the virus tested, the plates were fixed with 3% formalin (Sigma) and
stained with 0.5% crystal violet (Sigma) prepared in absolute ethanol (Sigma). For
etiological diagnosis, the PRNTgo antibody titer for each virus was required to be
four-fold greater than the other viruses in the same family to arrive at an etiological
diagnosis (Tigoi et al., 2015; Chepkorir et al., 2019) (Appendix 4).

3.7 Data Management

Data collected was entered in a database that included: Laboratory identification
number, country, district of residence, and date of specimen collection, date specimen
sent to the laboratory, gender and age. Microsoft Excel was used for data entry and
storage and analyzed using Statistical Package for Social Sciences (SPSS). Only
authorized personnel were able to access the data. Data files were stored in a
password-protected computer. Data was also be backed up online using the Dropbox

online software from Dropbox Inc, USA.
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3.8 Data Analysis

Data was stored in a password-protected database linked to laboratory results; the
data were analyzed using SPSS version 22. The main outcomes of interest were IgM
and 1gG antibodies against DENV, CHIKV and ZIKV and neutralization tests for
other arboviruses, ONNV, SFV, SINV, YFV and WNV. The IgM and IgG status was
dichotomized as either positive or negative based on the values of optical density
(OD). The frequency of the viruses by ELISA and PRNT was obtained and
determined the prevalence. Data on counts/proportions were compared using Chi-
Square. The association of patient demographic characteristics and with PRNT
findings was calculated using Chi-square. The factors considered include the age of

the patients and gender. All tests were performed at a 5% level of significance.

3.9 Ethical Considerations

Approvals to carry out this study were obtained from Kenya Medical Research
Institute’s Scientific Ethics Review Unit (SERU no. 3122) (Appendix 5 and 6).
Permission to use the World Health Organization/Ministry of Health measles
surveillance samples were obtained. The analysis was conducted on a sub-sample of
stored serum samples from survey participants. All specimens that were used were

not linked to personal identifiers.
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CHAPTER FOUR
RESULTS

4.1 Demographic Characteristics of Study Participants in Coast, North-Eastern
and Nairobi Regions from 2008-2014

In total, 392 human archived serum samples were collected from patients presenting
with febrile rash illness at both Public and Private Health Facilities in Nairobi
(n=179), North-Eastern (n=59) and Coast (n=156). The regions were later divided
into counties which includes Nairobi (n=179), Mombasa (n=47), Kwale (n=12), Kilifi
(n=55), Lamu (n=5), Taita-Taveta (n=35), Tana River (n=2), Wajir (n=6), Garissa
(n=48) and Mandera (n=3). The age range of participants was 5months-60 years. The
median age was 4.7 years and Interquartile Range (IQR) was 2.8-6.7 years). The ages
were further classified into four categories less than 5 years (52.8%), 5-9 years
(34.4%), 10-14 years (6.4%) and 14-60 years (6.4%).

Out of the 392 samples, 158 (40%) were females and 234 (60%) males. The year
2008 had 72 (18.4%) samples, 2009 had 87 samples (22.2%), 2010 had 41 samples
(10.5%), 2011 had 74 samples (18.0%), 2012 had 31 samples (7.9%), 2013 had 6
samples (1.5%) and 2014 had 81 samples (20.7%) (Table 4.1).
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Table 4.1: Demographic characteristics of the study participants in Coast, North-Eastern and Nairobi Regions from
2008-2014

Region Coast Nairobi North-Eastern
Taita Tana

County Mombasa Kilifi Kwale Lamu Taveta River- Nairobi Mandera  Garissa Wajir Total
n 47 55 12 5 35 2 179 3 48 6 392

<5 28 (135) 26(126) 8(3.9) 3(14) 22(0.5) 1(05) 91(44.0) 1(0.5) 24(11.6) 3(1.4) 207(52.8)
Age 5-9 11 (81)  18(133) 4(3.0) 2(15) 12(89) 1(0.7) 69(51.1) O 17 (12.6) 1(0.7) 135(34.4)

10-14  4(16.0) 4(16.0) 0 0 1 (4.0) 0 11 (44.0)  1(4.0) 5(200) 0O 25 (6.4)

14-60 4 (16.0) 7 (28.0) 0 0 1 (4.0) 0 8(32.0) 1(4.0) 2(8.0) 2(8.0) 25 (6.4)
Gender  Female 20 (12.7) 28(17.7) 4(25) 3(19) 13(82 O 73(46.2) 1(0.6) 15(9.5) 1(0.6) 158 (40.3)

Male 27 (115) 27(115) 8(3.4) 2(0.9) 22(9.4) 2(0.9) 106 (45.3) 2(0.9) 33(14.1) 5(2.1) 234(59.7)

Year 2008 2 (28  10(139) O 0 13(18.1) 0 43(59.7) 0 4(56) 0 72(18.4)
2009 8 (92)  14(161) 1(11) 0 0 0 54 (62.1) 0 10(115) 0 87(22.2)
2010 2 (49) 3 (7.3) 2(49) 0 11(26.8) 1(24) 16(39.0) 0 5(12.2) 1(24) 41(105)
2011 7 (95 6 (8.1) 1(14) 2(7) 5(68 0 41(554) 3(41)  7(95)  2(27) 74 (18.9)
2012 3 (97)  6(194) 2(65) 0 3097 0 12(387) 0 2(65)  3(9.7) 31 (7.9)
2013 2 (333) 0 0 0 0 0 2(333) 0 2(333) 0 6 (1.5)
2014  23(28.4) 16(19.8) 6(7.4) 3(3.7) 3 (3.7 1(12) 11(136) 0 18(22.2) 0 81 (20.7)
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4.2 Prevalence of DENV, CHIKV and ZIKV arboviruses in Coast, North-Eastern
and Nairobi Regions from 2008-2014.

a) Active infection of DENV, CHIKV and ZIKV

Out of the 392 samples, 5 (45.5%) were DENV IgM positive and confirmed by PRNT to
be DENV while 6 samples (54.5%) were confirmed to be ZIKV by PRNT. One sample
(0.3%) was CHIKV IgM positive was confirmed by PRNT. Three samples were ZIKV
IgM positive were confirmed by PRNT to be 1 (33.3%) ZIKV, 1(33.3%) WNV and 1
(33.3%) YFV as shown in (Table 4.2).

Table 4.2: Prevalence of Active infection DENV, CHIKV and ZIKV arboviruses in
Coast, North-Eastern and Nairobi Regions from 2008-2014.

Variable Frequency (%)
DENV IgM + PRNT positive

Positive 11 (2.8)
Negative 381 (97.2)

PRNT positive (n=11)

DENV 5 (45.5)
ZIKV 6 (54.5)
CHIKV IgM + PRNT

Positive 1(0.3)
Negative 391 (99.7)
PRNT positive (n=1)

CHIKV 1 (100.0)
ZIKV IgM + PRNT

Positive 3(0.8)
Negative 389 (99.2)
PRNT positive (n=3)

ZIKV 1(33.3)
WNV 1(33.3)
YFV 1(33.3)
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b) Past infection of DENV, CHIKYV and ZIKV arboviruses

Out of the 392 samples, 30 samples were confirmed by DENV IgG and PRNT; 17
(56.7%) was confirmed to be DENV, 8 (26.7%) to be ZIKV, 3 (10.0%) to be WNV and
2 (6.7%) to be YFV. Out of the 10 samples that were CHIKV 1gG and PRNT positive; 1
(10.0%) was positive for CHIKV while 9(90.0%) were confirmed to be ONNV. None of
the samples neutralized with SFV or SINV as shown in (Table 4.3).

Table 4.3: Prevalence of past infection DENV, CHIKV and ZIKV arboviruses in
Coast, North-Eastern and Nairobi Regions from 2008-2014.

Variable Frequency (%)
DENV IgG+PRNT

Positive 30 (7.7)
Negative 362 (92.3)
PRNT positive (n=10)

DENV 17 (56.7)
ZIKV 8 (26.7)
WNV 3(10.0)
YFV 2 (6.7)
CHIKV IgG+ PRNT

Positive 10 (2.6)
Negative 382 (97.4)
PRNT positive (n=10)

CHIKV 1 (10.0)
ONNV 9 (90.0)

c) Co- exposure

Co-exposure with more than one virus was observed in this study; 4 participants had
been exposed to alphaviruses (ONNV) and flaviviruses (WNV and ZIKV).

4.3 Virus propagation, confirmation and quantification
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a) Viral titres used in the study

Alphaviruses:

28
i. CHIKV 0.1x 10°
=2.8 x108 pfu/ml
100
i) ONNV 0.1x10°8

= 1.0 x 10° pfu/ml

28
iii) SINV 0.1x 10°

=2.8 x 107 pfu/ml

&g
iv) SFV 0.1 x10%

=6.8x 108 pfu/ml
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Flaviviruses:

36
i)  DENV-2 0.1 10%
= 3.6x10° pfu/ml
17
i) WNV 0.1x104
=1.7 x10° pfu/ml
35
i) ZIKV 0.1x 10 3
= 3.5 x 10° pfu/ml
By
iv) Yr v Odw 10%

=6.7 x10° pfu/ml

4.4 Distribution patterns of DENV, CHIKV and ZIKV arboviruses among non-

measles cases in Coast, North-Eastern and Nairobi Regions from 2008-2014.

In 2008, Dengue IgM was confirmed in 3(4.2) samples while Dengue IgG was
confirmed in 7(9.7) samples. In 2009, Dengue IgM was confirmed in 1 (1.1), Dengue
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IgG was confirmed in 9(10.3) while Chikungunya IgG was confirmed in 4 (4.6). In
2010, Dengue IgM was confirmed in 1(2.4) sample, Dengue IgG was confirmed in 1
(2.4%) sample while chikungunya 1gG was confirmed in 1(2.4) sample. In 2011, Zika
IgM was confirmed 2(2.7) samples, chikungunya 1gG was confirmed in 1(1.4) while
Dengue I1gG was confirmed in 2(2.7) samples. In 2012, Chikungunya IgM was
confirmed in 1(3.2) sample, Dengue IgM was confirmed in 1 (3.2) sample, Zika IgM
was confirmed in 1(3.2) sample, Chikungunya IgG was confirmed in 2 (6.5) samples
while Dengue was confirmed in 3(9.7) samples. In 2013, Dengue IgM was confirmed in
1(16.7) and Dengue IgG was confirmed in 1(16.7). In 2014, Dengue IgM was confirmed
in 4(4.9), Chikungunya 1gG was confirmed in 2(2.5) samples while Dengue 1gG was
confirmed 7(8.6). There was no significance difference in the virus tested in the various

years.

In Garissa, Dengue IgM was confirmed in 1(2.1) sample, Chikungunya 1gG was
confirmed in 4(8.3) samples while Dengue IgG was confirmed in 7 (14.6). In Kilifi,
Dengue IgM was confirmed in 2(3.6) samples, Chikungunya 1gG was confirmed in 1
(1.8) sample and Dengue IgG was confirmed in 4(7.3) samples. In Kwale, Dengue IgM
was confirmed in 1(8.3) sample and Dengue IgG were confirmed in 1(8.3) sample. In
Lamu, Chikungunya IgM was confirmed in 1(20) sample. In Mandera, no virus was
detected. In Mombasa, Dengue IgM was detected in 4(8.5) samples, Chikungunya IgG
was confirmed in 2(4.3) samples and Dengue IgG was confirmed in 6(12.8) samples. In
Nairobi, Chikungunya IgM was confirmed in 1(0.6) sample, Dengue IgM was confirmed
in 3(1.7) samples, Zika IgM was confirmed in 2(1.1) samples, chikungunya IgG was

confirmed in 2(1.1) samples while dengue IgG was confirmed in 11 (6.1)

In Taita Taveta, Zika IgM was confirmed in 1(2.9) sample and Dengue IgG was
confirmed in 1(2.9) sample. No virus was detected in Tana-River and Wajir counties as
shown in (Table 4.4).
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Table 4.4: Distribution patterns of DENV, CHIKV and ZIKV arboviruses among

non- measles cases in Coast, North-Eastern and Nairobi Regions from 2008-2014.

Variable CHIKV DENV ZIKV CHIKV DENV
IgM+PRNT IgM+PRNT IgM+PRNT IgG+PRNT IgG+PRNT
Year
2008 0 3(4.2) 0 0 7(9.7)
2009 0 1(1.1) 0 4 (4.6) 9 (10.3)
2010 0 1(2.4) 0 1(2.4) 1(2.4)
2011 0 0 2(2.7) 1(1.4) 2 (2.7)
2012 1(3.2) 1(3.2) 1(3.2) 2 (6.5) 3(9.7)
2013 0 1(16.7) 0 0 1(16.7)
2014 0 4 (4.9) 0 2 (2.5) 7 (8.6)
P value 0.094 0.109 0.121 0.352 0.243
County
Garissa 0 1(21) 0 4 (8.3) 7 (14.6)
Kilifi 0 2 (3.6) 0 1(1.8) 4(7.3)
Kwale 0 1(8.3) 0 0 1(8.3)
Lamu 0 0 0 1(20.0) 0
Mandera 0 0 0 0 0
Mombasa 0 4 (8.5) 0 2 (4.3) 6 (12.8)
Nairobi 1(0.6) 3.7 2(1.1) 2(1.1) 11 (6.1)
Taita taveta 0 0 1(2.9) 0 1(2.9)
Tana-River 0 0 0 0 0
Wajir 0 0 0 0 0
P value 1.000 0.258 0.666 0.077 0.541

4.5 Association of patient demographic characteristics and the PRNT findings

among suspected measles cases in Coast, North-Eastern and Nairobi Regions from

2008-2014

Association of patient demographic characteristic and with PRNT findings were

calculated using chi-square. The results showed that the prevalence of CHIKV and

DENV was significantly higher in those aged 14-60 years. The prevalence of CHIKV

and DENV was 8 and 32% resctively (p=0.001). There was no significant difference by

gender and days of onset of symptoms and sample collection among all the selected

viruses tested as shown in (Table 4.5).
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Table 4.5: Association of patient demographic characteristics and the PRNT

findings among suspected measles cases in Coast, North-Eastern and Nairobi

Regions from 2008-2014

Variable CHIKV DENV ZIKV CHIKV DENV
IgM+PRNT IgM+PRNT IgM+PRNT IgG+PRNT IgG+PRNT

Age in years

<5 0 6 (2.9) 2(1.0) 0 13 (6.3)

5-9 1(0.7) 2(1.5) 1(0.7) 7(5.2) 7(5.2)

10-14 0 0 0 1(4.0) 2(8.0)

14-60 0 3(12.0) 0 2(8.0) 8 (32.0)

P value 0.472 0.067 1.000 0.001 0.001

Gender

Female 1(0.6) 4 (2.5) 1 (0.6) 4 (2.5) 12 (7.6)

Male 0 7(3.0) 2(0.9) 6 (2.6) 18 (7.7)

P value 0.403 1.000 1.000 1.000 0.972

Days from onset to

collection

0-5 days 1(0.3) 10 (2.8) 2 (0.6) 8(2.3) 26 (7.4)

>5 days 0 1(2.6) 1(2.6) 2(5.1) 4 (10.3)

P value 1.000 1.000 0.270 0.261 0.522
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CHAPTER FIVE

DISCUSSION

5.1. Seroprevalence of DENV, CHIKYV and ZIKV arboviruses (2008-2014).

This study found the presence of IgG suggesting past infection to arboviruses and the
presence of IgM suggests a current/recent arbovirus infection. Neutralizing antibodies to
DENV, WNV, ZIKV, YFV, CHIKV and ONNV hence confirming them as active and
past infection to these arboviruses. These arboviral infections have been previously
reported in North-Eastern and Coast regions (Mease et al., 2011; Tigoi et al., 2015;
LaBeaud et al., 2015; Konongoi et al., 2016; Konongoi et al., 2018), but none have been
reported in Nairobi County. The results indicate the potential of these arboviral
infections to cause measles-like illnesses, thus pointing out the necessity of differential

diagnosis in febrile cases that test negative for measles/rubella.

Measles is a major childhood problem that causes significant illness, disability and 1
million deaths annually in developing countries (Onoja et al., 2019). In Kenya, the
measles case definition recommended by both WHO is acute illness lasting at least 3
days, with maculopapular rash, fever (> 38.3°C), and one or more of cough, coryza, or
conjunctivitis (WHO, 2015). However, no data exists on the reliability or validity of this
case definition in areas where arboviruses are endemic. Therefore, febrile rash illnesses
that are clinically diagnosed as measles but test negative for measles should be
investigated for other infections, including arboviruses. The results of this study have
shown that arboviruses can present as measles-like illnesses. Thus clinicians should not
solely rely on the measles case definition to identify cases, especially in areas where

arboviruses are endemic.

This finding of arboviral infections on samples of suspected measles cases carried out to

determine the etiologies of fever and maculopapular rash agrees with other studies that
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have yielded results indicating that some of these etiological agents were overlooked or
left out such as first, in Mozambique by (Antonio et al., 2019), where CHIKV IgG and
IgM were detected among measles-negative samples. Secondly, in Brazil by (De Moraes
et al., 2011), where dengue virus was detected in 22 cases. 2 of these 22 cases met
Brazil's clinical case definition for rubella, which would have been reported to be
rubella. Still, these 2 cases were diagnosed as dengue infection. Third, in Rio de Janeiro,
Brazil, a study by (Oliveira et al., 2001) showed that dengue fever, rubella, parvovirus
B19, measles and human herpesvirus 6 were among the causes of rash between 1994 and
1998. Possibly, the main contributor to these occurrences could be the fact that
arboviruses are overlooked because of the unavailability of resources in terms of

equipment for diagnostics assays and specialized laboratories.
5.2 Cross-reactivity of arboviruses

Cross-reactivity was observed in samples that had tested positive for anti-CHIKV IgG
on ELISA neutralizing with ONNV on PRNT assay. This finding is consistent with
other studies reported in Kenya and Cameroon, where cross-reactivity was observed
between CHIKV and ONNV (Kuniholm et al., 2006; LaBeaud et al., 2015; Tigoi et al.,
2015). This could be due to both viruses may have been co-circulating in the region and
the continued evolution of ONNV has made it antigenically more similar to CHIKV than

previously reported (Chanas et al., 1979).

Cross-reactivity was observed in samples that had tested positive for anti-DENV IgG
and anti-ZIKV IgM neutralizing with WNV and YFV on PRNT assay. This finding
agrees with the findings of (Montoya et al., 2018; Maeki et al., 2019), where these
flaviviruses were found to be cross-reacting this is because these viruses are

antigenically related.
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b) Co-exposure status to arboviruses

Co-exposure with more than one virus was observed in this study; 4 participants had
been exposed to alphaviruses (ONNV) and flaviviruses (WNV and ZIKV). This could
be due to a situation where the patient was bitten by a co-infected mosquito or several
bites from infected mosquitoes carrying different viruses (Adesina et al., 1991; Olaleye
et al., 1990). This phenomenon was also observed in (Baba et al., 2013; Tigoi et al.,
2015), where samples had more than one virus; this could be due to multiple exposures
to these arboviral infections. This is possible because these viruses co-circulate in the
same areas. The lack of sensitive diagnostic methods contributes to the underestimation

of these arboviruses

5.3 Distribution patterns of arboviruses in the selected counties (2008-2014)

In this study, CHIKV IgM antibodies were confirmed in a sample collected from a child
aged between 5-9 years who reported to a health facility with febrile rash illness. This
finding suggests the circulation of CHIKV virus in Mombasa County, Coastal region, as
early as 2014. The Coastal region experienced the largest outbreak of CHIKV in Lamu
County in 2004 (Sergon et al., 2008). Therefore, this indicates continued circulation of
CHIKYV outside of the outbreaks and may also suggest it had been circulating at low
levels even before the reported outbreak, which occurred in Mombasa in 2018 (WHO,
2018). This is likely to happen because only a few cases present with a maculopapular
rash, and they easily go undetected. The Coastal region also experienced a large dengue
outbreak in 2013 (Ellis et al., 2015), 2013-2014 (Lutomiah et al., 2016), which could
have led to underreporting of CHIKV because of its similar clinical symptoms (WHO,
2009). The Coastal region has competent vectors for CHIKV, as shown by (Mbaika et
al., 2016; Agha et al., 2017; Mulwa et al., 2018), and this is attributed to the
exacerbation of the intensity of the CHIKV transmission and outbreaks.
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CHIKYV neutralizing antibodies were also detected in a sample collected from a 5-year-
old in Nairobi County in the year 2009, indicative of past exposure to the virus. Nairobi
County has never experienced any arboviral outbreak when compared with Mombasa
County. This finding of CHIKV in negative measles cases indicates how such co-
circulation of viruses with similar clinical presentation could complicate measles
diagnosis (Kimata et al., 2020).

O'nyong-nyong virus neutralizing antibodies were detected in Lamu, Taita-Taveta,
Kilifi, Mombasa, Garissa and Nairobi, indicating past exposure of the virus in all three
regions from samples collected between 2009 and 2014. A large number of samples
neutralizing with ONNYV were observed in the Coastal region, a finding consistent with
the findings from a previous study by (LaBeaud et al., 2015) that found ONNV exposure
to be common in Coastal Kenya between the years 2014 to 2015. The last documented
ONNV outbreak in Kenya occurred in 1961; that outbreak spread to neighbouring
countries, eventually affecting more than 2 million individuals but without any recorded
fatalities (Rezza et al., 2017). Neutralizing antibodies against SINV or SFV in the
measles negative samples were not detected in this study, but this doesn't rule out the
possibility of these viruses circulating among undiagnosed measles cases (Kimata et al.,
2020). This is because these viruses have been detected in serological surveys carried
out in Kenya (Tigoi et al., 2015; Ofula et al., 2016) and also during vector surveillance
carried out by (Ochieng et al., 2013). ONNV was detected in 90% of the samples; a
recent study by (LaBeaud et al., 2015) had a prevalence of 56% in Coastal Kenya, which
is lower than the findings of this study. This could be due to the abundance of the

Anopheles mosquitoes in that region that transmits the virus.

DENV neutralizing antibodies were detected in Garissa, Kilifi, Kwale, Mombasa and
Nairobi, indicating the presence of past and recent infection of the virus in 2008, 2009,
2011, 2012, 2013 and 2014. Three of the counties are from the Coastal Region, which is
likely because this area is endemic for DENV and the presence of competent vectors,
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which then exacerbates the situation (Chepkorir et al., 2014). The high percentage could
be attributed to the two DENYV outbreaks that occurred in Kenya during the study period.
In 2011/2012, in Mandera, North-Eastern Kenya and 2013/2014 in Mombasa, Coast
Region (Lutomiah et al., 2016; Konongoi et al., 2016). In an another study carried out in
Kenya among children all the 4 dengue serotypes were detected (Shah et al., 2020).

Zika virus seropositivity was detected in Garissa, Kilifi, Mombasa, and Nairobi from
2008 to 2014. This finding of ZIKV in Mombasa agrees with a study by (Hunsperger et
al., 2020), where ZIKV IgM antibodies were detected in Mombasa Kenya from samples
collected in 2013, indicating it’s been circulating in the country. This virus shares the
same vector with DENV, which are abundant in Coastal Kenya (Lutomiah et al., 2013).
There is a possibility that the virus spread into Kenya due to the presence of the
mosquito vector, increased foreign travel and commerce, and a growing human
population. This finding of ZIKV antibodies in Kenya agrees with other studies carried
out in different parts of the country that ZIKV continues to circulate at low levels
(Chepkorir et al., 2019; Kisuya et al., 2019; Gobillot et al., 2020).

On the other hand, WNYV seropositivity was detected in Garissa and Nairobi in the year
2008, 2009, 2011 and 2014. Garissa is found in Northern Kenya. WNV is known to be
transmitted by

Culex mosquitoes (WHO, 2017). It has been isolated from mosquitoes (Crabtree et al.,
2009; LaBeaud et al., 2011; Ochieng et al., 2013) and ticks in North-Eastern Kenya
(Lwande et al., 2013). Therefore, this indicates it’s been circulating at low levels. In a
study by Nyamwaya et al. (2016), WNV was detected in wild birds in Tana River and
Garissa Counties, Kenya. Recent serosurveys carried out have also indicated the
presence of WNV antibodies in humans in the country (Tigoi et al., 2015; Chepkorir et
al., 2019; Inziani et al., 2020). There is no evidence of any arbovirus being detected in

Nairobi previously.
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Seropositivity to YFV was found in three samples, one each from Garissa, Taita Taveta
and Nairobi Counties in the years 2008, 2009 and 2011. In Kenya, the first and last
documented outbreak of YFV occurred in 1992-1993 (Sanders et al., 1998), but
outbreaks were reported in the neighbouring countries such as Ethiopia in 1960-1962,
2013 (Alhakimi et al., 2015; Ellis et al., 2008; Lilay et al., 2017 (Sudan in 2003-2005)
(Gould et al., 2008), South Sudan in 2012 (Alhakimi et al., 2015) and Uganda in 2010-
2011, 2016 (Henderson et al., 1968; Onyango et al., 2004). After the largest YF
outbreak in Ethiopia occurred in 1960-1962, YFV antibodies were reported in Northern
Kenya (Henderson et al., 1968), which confirmed the extent of exposure. However, our
findings could possibly be due to vaccination, though there was no data on the patient’s
vaccination history. West-Nile Virus and Yellow Fever Virus antibodies were detected
in the samples collected. These viruses were recently detected in serosurveys carried out

in various parts of the county (Chepkorir et al., 2019; Inziani et al., 2020).

Nairobi County was chosen as a comparative site that has not experienced any arboviral
outbreak. However, it recorded (10.6%) of arboviral prevalence by ELISA. This could
be attributed to being a major travel hub where travelers come in from different
continents as well as domestic tourists, but the travel history of the patients was not
captured. This finding has public health implications because surveillance is mainly

done in areas where outbreaks have occurred.

5.4 Association of patient demographic characteristics and PRNT findings

Association of age, gender and days from onset of the symptoms and sample collection
and PRNT findings show that the prevalence of CHIKV and DENV was significantly
higher in those aged 14-60 years. This observation could be attributed to the fact that
this age group is active and mostly stays outdoors, where they come in contact with

mosquitoes that transmit the viruses.
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5.5 Limitations

This study is considered a success, but at the same time acknowledges existence
limitations. First, over 90% of the study participants are children, given that measles and
rubella surveillance is focused on children. Second, the travel history of the patients was

not captured during sample collection.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

1.

It was confirmed that patients' had been exposed to arboviral infections DENV,
ZIKV and CHIKV in Nairobi, North-Eastern and Coast Regions. These
infections are often diagnosed as measles cases; hence misdiagnosis of these
arboviral infections occurs, posing a public health concern. Findings of these
arboviral infections outside of the reported outbreaks indicate the continuous
circulation of these viruses at low levels.

The presence of co-exposure indicates co-circulation of these arboviral infections
in the same area, emphasizes the need to develop diagnostic Kits to test these
infections, especially in outbreak-prone areas.

Dengue, ZIKV and CHIKV were detected in all the three regions: Nairobi,
North-Eastern and Coastal Region from 2008-2014.

This study determined that age as a risk factor for dengue and chikungunya
viruses. This is an important finding in designing disease control strategies and

awareness creation

6.2 Recommendations

1. The findings of this study indicate that clinical diagnosis is not sufficient in

detection of febrile rash cases and laboratory confirmation is essential to
determine other causes of febrile rash illnesses in Kenya. Arboviruses are
overlooked because diagnostic assays are not typically available at the county
and sub-county levels. The tests are often performed in very few specialized
laboratories at the national level. A further reason is the lack of ELISA Kkits for

other arboviruses, making it difficult to detect these viruses, causing illness.
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Awareness creation among the clinicians should be done on these arboviral
infections that cause measles-like illnesses.

Control measures and active surveillance should be put in place to detect these
arboviruses on time and emphasizes should on developing diagnostic Kits to test
these infections, especially in outbreak-prone areas.

Inclusion of arboviruses in the differential diagnosis of the non-measles febrile
rash illnesses is a necessity. Further research should be done by testing for
additional pathogens that should also be considered in measles/rubella control. A
similar periodic reassessment be conducted to gauge the contribution of
arboviruses to febrile rash illness in Kenya.

Infection regulation measures that target the crucial risk factors ought to be
introduced to lessen the disease burden within these regions. Also, the
community must be enlightened on the risks factors linked to these diseases and
potential control and prevention measures ought to be applied to stop the spread.

These strategies must be site and virus specific in order to be effective.
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APPENDICES

Appendix I: ELISA Laboratory procedures

1. ZIKV IgM ELISA

According to the in-house kit, the CDC Zika MAC-ELISA is intended for the
qualitative detection of Zika virus IgM antibodies in human sera or
cerebrospinal fluid (CSF).

Materials

1.

© 0o N o 0 &

Zika Vero E6 Tissue Culture Antigen (CDC catalog #AV0002 or AV0003):
Antigens produced from different Zika strains; only one is required for the assay.
Lyophilized Zika antigen (inactivated) prepared for use in Zika MAC-ELISA.
Flavivirus IgM positive control (CDC catalog #AV0004): Chimeric monoclonal
antibody specific for Flavivirus; lyophilized.

Detecting antibody conjugate: Horseradish peroxidase conjugated monoclonal
antibody 6B6C-1. Available from: Hennessy Research, catalog #DC153-100 or
Goat anti-human IgM (Kirkegaard and Perry Laboratories, catalog #01-10-03)
Deionized water

Hydrochloric acid (to adjust pH of coating buffer)

Sodium carbonate (Na2COs); (Sigma)

Sodium bicarbonate (NaHCO3); (Sigma.)

Phosphate buffered saline (PBS); (Sigma)

. Tween 20 (available from multiple commercial sources, e.g. Sigma
11.
12.
13.

Nonfat dry milk (available from multiple commercial sources, e.g. Sigma,
Sulfuric acid (H2SOg); ( Sigma)
Immulon 11 HB flat-bottomed 96 well plates, Dynatech Technologies catalog

#3455 (available from multiple commercial sources, e.g. Sigma)
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14. Enhanced K-Blue TMB substrate (3, 3°, 5, 5' tetramethylbenzidine base; Neogen

Corp, catalog # 308175

15. Normal human sera—tested negative for Zika virus antibodies

Formulations

8.
9.

1.

1.

wn

Coating buffer: Carbonate/bicarbonate buffer, pH 9.6 Na,COz + 2.93 g NaHCO3

diluted in 1L water.

Wash buffer: Phosphate buffered saline (PBS); 0.05% Tween
20, pH 7.2. 2.59¢g PBS is available in powdered form

Blocking buffer: PBS/ 5% milk/ 0.5% Tween 20

Stop solution: 1 N H2SO4

Detecting antibody conjugate: Conjugate can be diluted up to 1:4000 in blocking
buffer

Flavivirus IgM positive control: Flavivirus IgM positive control diluted up to

1:1000 in wash buffer
Zika viral antigen:

e Zika Vero E6 Antigen: diluted up to 1:2000 in wash buffer
Normal antigen:

e Normal Vero E6 Antigen: diluted up to 1:2000 in wash buffer
e Goat anti-human IgM: diluted 1:2000 in coating buffer

Patient serum: diluted 1:400 in wash buffer
Negative control: Normal human sera diluted to 1:1000

Procedure

1.

Plates were sensitized with Goat anti-human IgM in coating buffer (1:2000). The
75ul was added to all the wells then incubated overnight at 4°C.

The following day the plates were dumped off the coating antibody, then blocking
of the plates was done by adding the 200ul of blocking buffer per well followed by

incubation for 30 minutes.
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10.

11.
12.

The plates were washed 5 times with 300ul of the washer buffer using an
automatic plate washer.

Serum samples were diluted in the ratio of 1:400 with the wash buffer and
thoroughly mixed with a vortex. Positive and negative controls are diluted 1:1000
in wash buffer.

The serum samples (50ul) and controls were dispensed into the respective wells,
covered with a foil supplied with the kit, and incubated for 1 hour at 37 °C.

After incubation, each well was washed five times with 300ul of the washing
buffer using an automatic washer.

Zika and Normal Vero E6 antigen diluted in wash buffer 1:2000 then added into
the respective wells followed by overnight incubation at 4°C.

Washing was done 5 times again with 300ul of washing solution using an
automatic washer.

50pl of the conjugate (horseradish peroxidase-conjugated monoclonal antibody),
diluted in blocking buffer, was added in all the wells then incubated at 37°C for 1
hour.

Washing was done 5 times twice, and 75 ul TMB solution was added to all wells.
Incubation followed by for 10 minutes in the dark

After incubation, 50ul Stop Solution was added to all wells.

The plates were read using a 450nm filter.

Interpretation of results

Before the results can be calculated for each clinical specimen, the test must be

determined to be valid. For a test to be valid, the following ratio must be greater than or

equal to 2.0. This is the P/N of positive control.

Mean OD of the test specimen reacted with Zika viral antigen (P)

Mean OD of the normal human serum reacted with Zika viral antigen (N)
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This is the P/N of the test specimen

All test specimen P/N values greater than or equal to 3.0 should be reported as
presumptive IgM-positive. P/N values that lie between 2.0 and 3.0 should be considered
equivocal. All specimens for whom Specimen P/N is < 2 report as negative.

2. CHIKY IgM p-capture ELISA

This was a qualitative immunoenzymatic determination of IgM-class
antibodies against Chikungunya using ELISA as per the Manufacturer‘s
instructions

Procedure

1. Serum samples were diluted in the ratio of 1:100 with the sample diluent
supplied by the manufacture and thoroughly mixed with a vortex. Positive and
negative controls were ready to use and hence will not be diluted.

2. The serum samples (50ul) and controls were dispensed into the respective wells,
covered with a foil, and incubated for 1 hour at 37 °C.

3. After incubation, each well was washed three times with 300ul of washing
solution. This was followed by dispensing 50 pl Chikungunya antigen Solution 1
into all wells except for the blank well and covered with foil, then incubated for
30 minutes at room temperature.

4. Washing step was repeated, followed by adding 50 pl Chikungunya Solution 2
(biotinylated Chikungunya antibody, stabilizers, preservatives, and an inert blue
dye) into all wells except for the blank well. The plate was then covered with the
foil and incubated for 30 min at room temperature.

5. The washing step was repeated again. Then, 50 pl Streptavidin peroxidase
conjugate was added into all wells except for the blank and covered with a foil

and incubated for 30 min at room temperature.
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6. Washing was repeated again and 100 ul TMB solution was added into all wells.
Incubation followed by for exactly 15 min in the dark.

7. After incubation, 100ul Stop Solution (0.2 M sulphuric acid solution) was added
into all wells in the same order and at the same rate as for the TMB substrate.

8. The absorbance of the specimens was measured at 450nm within 30 min after the
addition of the Stop Solution.

CHIKYV IgG Capture ELISA

A qualitative immunoenzymatic determination of IgG-class antibodies to
Chikungunya was performed based on the manufactures instructions (NovaTec
Immundiagnostica).

Procedure

1. All samples were diluted in the ratio of 1:100 using the sample diluent and 50pul
dispensed into the microtiter strip wells pre-coated with anti-human 1gG to bind
corresponding antibodies of the specimen. Also, 50ul of positive and negative
controls and substrate blank were also dispensed to the marked wells. The wells
were then covered using a foil supplied in the kit and incubated for 1-hour £ 5
min at 37t£1°C.

2. After washing the wells three times with 300ul of washing solution to remove all
unbound sample and control material, S0ul Chikungunya antigen solution 1 was
added except for the blank well. The plate was then covered with foil and
incubated for 30 minutes at room temperature.

3. After a further washing step as two above, 50 pl biotinylated Chikungunya
antibody solution 2 was pipetted into the wells except for the blank well. The
plate was covered with foil and incubated for 30 minutes at room temperature.

4. After washing again, 50ul Streptavidin peroxidase conjugate was dispensed into

all wells except for the blank to bind to the captured Chikungunya-specific
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immune complex. The plate was covered with foil and incubated for 30 minutes
at room temperature without exposing it to direct sunlight.

5. This immune complex was visualized by adding 100 ul TMB solution into all
wells giving a blue reaction product. The plate was incubated for exactly 15
minutes in the dark.

6. This was followed by adding 100ul Sulphuric acid (Stop Solution) to stop the
reaction. Finally, the absorbance was read at 450 nm using an ELISA microwell
plate reader, ELx808 IU (Biotek, USA) ELx808 1U (Biotek, USA).

Interpretation of Results for both CHIKV IgM and 1gG ELISA

The cut-off was the mean absorbance value of the Cut-off control determinations.
Samples were considered positive if the absorbance value was higher than 10% over the
cut-off. Samples found with an absorbance value of 10% above or below the cut-off
were not considered. Samples were considered negative if the absorbance value is lower
than 10% below the cut-off.

3. DENV IgM ELISA

This was a qualitative immunoenzymatic determination of IgM-class
antibodies against Dengue using ELISA as per the Manufacturer‘s

instructions.

Procedure

1. Serum samples were diluted in the ratio of 1:100 with the Sample diluent
supplied by the manufacture and thoroughly mixed with a vortex. Positive and
negative controls were ready to use.

2. The serum samples (100ul) and controls were dispensed into the respective

wells, covered with a foil and incubated for 1 hour at 37 °C.
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3. After incubation, each well was washed three times with 300ul of washing
solution, and this was followed by dispensing 100ul of Dengue IgM conjugate
then covered with a foil.

4. Incubation was done for 30 minutes at room temperature away from direct
sunlight. After incubation, each well was washed three times with 300ul of
washing solution.

5. 100 pul TMB solution added into all wells. Incubation for exactly 15 min in the
dark was done.

6. After incubation, 100ul Stop Solution (0.2 M sulphuric acid solution) was added
into all wells in the same order and at the same rate as for the TMB substrate.

7. The absorbance of the specimen was measured at 450nm within 30 min after the

addition of the Stop Solution

DENV IgG ELISA

A qualitative immunoenzymatic determination of IgG-class antibodies to Dengue was
performed based on the manufactures instructions (NovaTec Immundiagnostica).

Procedure

1. Serum samples were diluted in the ratio of 1:100 with the sample diluent
supplied by the manufacture and thoroughly mixed with a vortex. Positive and
negative controls were ready to use.

2. The serum samples (100ul) and controls were dispensed into the respective
wells, covered with a foil, and incubated for 1 hour at 37 °C.

3. After incubation, each well was washed three times with 300ul of washing
solution, and this was followed by dispensing 100ul of Dengue 1gG conjugate
then covered with a foil.

4. Incubation was done for 30 minutes at room temperature away from direct
sunlight. After incubation, each well was washed three times with 300ul of

washing solution.
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5. 100 pl TMB solution added into all wells. Incubation for exactly 15 minutes in
the dark was done.

6. After incubation, 100ul Stop Solution (0.2 M sulphuric acid solution) was added
into all wells in the same order and at the same rate as for the TMB substrate.

7. The absorbance of the specimen was measured at 450/620nm within 30 min after

the addition of the Stop Solution

Interpretation of Results for both DENV IgM and 1gG ELISA

The cut-off was the mean absorbance value of the Cut-off control determinations.
Samples were considered positive if the absorbance value was higher than 10% over the
cut-off. Samples found with an absorbance value of 10% above or below the cut-off
were not considered. Samples were considered negative if the absorbance value is lower
than 10% below the cut-off.
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Appendix Il: Cytopathic effects of dengue virus in Vero cells indicated by rounding

up of cells
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Appendix I11: A gel picture showing the viruses used to rule out cross-reactivity

were confirmed by PCR

ONNV SFV SINV  CHKV NEG
b\ YEV WNV ZKV  DNV2 NEG
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—
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—_—
—_—
—
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Appendix 1V: A plate showing plaques (titre) of chikungunya virus on monolayers
of (African green monkey cells ATCC)
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You may embark on the study,

Yours faithfulty,

" PROF. ELIZABETH BUKUSI,
ACTING MEAD,
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Appendix VII: WHO Approval Letter
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23 July 2015

TO WHOM IT MAY CONCERN

RE: USE OF MEASLES SURVEILLANCE SAMPLES FOR STUDY ON DENGUE AND CHIKUNGUNYA

The WHO measles laboratory network supports countries in confirmation of measles and
rubella from suspected cases of measles detected through case-based surveillance, The KEMRI
measles laboratory is classified as a national reference laboratory within the network.

Samples held in network laboratories are for diagnostic use to support Public Health, and as
part of differential diagnoses, anti-rubella IgM testing is routinely undertaken within the
laboratories on all samples negative for measles. As a large proportion of samples turn out
negative for either measles or rubella, laboratories are encouraged to develop capacity for
differential diagnostics for other viral infections that cause rash illness used in the standard
case definition for measles surveillance,

We have been approached by Ms Yvonne Mukami Kimata, an MSc student, seeking
concurrence to use measles diagnostic samples within the KEMRI network laboratory to test for
dengue and chikukungunya viruses as differential diagnoses for measles, and which will
contribute to her thesis work.

We have no objection to use of the above samples archived in the measles laboratory
repository.

Scientific Officer
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Abstract

Chikungunya virus (family Togavirdae and genus Alphavirus) is an emerging and reemerging virus of public health
importance both regionally and globally. In Kenya, about S0-60% of the suspected meashkes cases remain un-
diagnosed once measles and rubella is ruled out by immunoglobulin M (IgM) ELISA thus prompted the need 1o do
differentinl diagnosis on the measles/rubella negative samples. Nothing is known about the role played by chi-
kungunya infection among these suspected measles cases. Febrile msh illness is a common clinical presentation of
arboviruses, including chikungunya. In this smdy, we conducted a serosurvey to explore the possible role of
chikungunya infections among suspected meashes cases in Kenya that had tested negative for measles and rubella.
Sern were tested by commercially available ELISA for the presence of 1gG and IgM antibodies against the
chikungunya virus. All positive samples for chikungunya by ELISA were confirmed by plaque reduction neu-
tralization test (PRNT), and to rule out cross-reactivity with other alphaviruses a panel of viruses was used, namely
o' nyong' nyong, Semliki Forest, and Sindbis vimses, Of the 392 serum samples screened, 0.3% (nw 1) wested
positive for IgM antibodies, while 4.6% (n=18) wsted positive for IgG antibodies against the chikungunya virus,
PRNT results indicated 2 (11%) chikungunya positives and 7 (38.99%) o' nyong’ nyong positives. We recommend
awareness among health care providers und improved surveillance for these arboviruses by both serology and
molkecular testing. Testing for other pathogens should also be done to improve disease detection and disgnosis,

Keywords: febrile, msh, illlness

Introduction

VASLES INFECTION 15 one of the causes of high mor-

bidity and mortality among children in developing
countries (Perry et al, 2004, Nandy et al. 2006), Clinical
symptoms caused by measles infection inclide cough, co-
ryza, and conjunctivits, followed by a maculopapular rash
and high fever (39-40°C) (WHO 2015). In Kenya, all sus.
pected measles cases, are routinely submitted to the mea-
sles lnboratory at the Kenya Medical Rescarch Institute's
(KEMRI), Centre for Virus Research (CVR), At the CVR,
the samples are tested for memsles, If negative, cases are
tested for rubella IgM antibodies in support of the national
measles/rubelln case-based surveillance program. Over the
years, It has been observed that ~50-60% of these sus-

" ISchaal of Biomedical Sciences, Jomo Ke
Centre for Virus Research, Kenya Medical R

pected mensles coses usually test negative for both rubells
and meastes using enzyme-linked immunosorbent assay
(ELISA),

Chikungunya (CHIKY) and other arboviruses such as o'
nyong' nyong (ONNV), Sindbis (SINV), and Semliki Forest
virus (SEV) ate amony arbovinuses causing emerging and
reemerging infections of public health imponance reglonally
and globally (Paixao et al. 2018). It has been shown that
CHIKV Is endemic in Constal and Northern parts of Kenya
(Sergon et al, 2004, Konongol et al. 2018). It has caused fre-
quent outbreaks in the country (WHO 2016, 2018, Konongot
et al, 2018), Even though CHIKY, ONNV, SFV, and SINV
are known o be clreulating in Kenya (Morrill et al, 1991,
Sergon et al. 2008, Mease et al. 2011, Sutherland et al, 2011,
LaBeaud et al, 2018, Ochieng et al, 2018, Tigol et al, 2015,

University of Agriculture and Technology, Nairobi, Kenya,
Aok l.ﬂi“'mm' -Jmierd logy eny.

“Paculty of Health Sciences, University of Pretoria, Pretaria, South Africa,
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Labet e

Grossi-Soyster et al. 2017), no study has been conducted to
wat these arboviruses on non-measles chses | uun present as
febrile rosh illness, In addition, the di of these
arboviral diseases in Kenya is not well defined. To address
these gaps, this study set out to determim the exposure of
chikungunyi virus cases coll

in the n'wulu cuse-bused surveillance program in Kenya,

KIMATA ET AL,

Teoted e

shown in (Fig. 1), These ties were
of Past oF recent npom of CHIKV oummnkn (Coastal and
N they are a mqpr travol hub
with a high mu of | duction and 1 (N
County). '

The 392 archived serum samples used in this study were
selected based on pmbabllity proportional to size from the
total b d from cach of the three

This was to assess the possible contribution of chikunguny
infections o cause measles-like ilmess,

Materlals and Methods
Study design
We d d a lab y-based, tive study

using 392 randomly selected mhlvcd human sera, These
samples were collected between January 2008 and Decem-
ber 2014 from health facilities performing messles caxe-
based surveill in 10 ies from 3 regions in Kenya,
These include Nalrobl County, Constal reglon (Lamu, Talta-
Tavets, Mombusa, Tana River, Kwale, wnd Kilifi), and
North-Eastern region (Manders, Wajir, and Garlssa) as

. 7
{ mm.-m] ¥
| chmyar ||

[ | Tolta-Tavets_Gounty
ﬁ TanaRiver_Gounty

! | Lamni Caunty

[ | Kwalo_County
[0 Kat_County

H | Mornbese County
B vairob. County
T waite_Qaunty

of
reglons: Nairobi nw 179 (46%0), Nonh-Eastern nm 57 (14%)
and Coust n= 156 (40%).
This study was approved by Kenyia Medical Research In-
stitute’s Scientific and Ethics Review Unit (SERU no, 3122).

S pecimens’ colloction, p ing, go,
and transportation

Samples were collected from all counties in Kenyn.
Mensles surveillance in Kenya follows World Health Orga-
nization guidelines, in which a suspected mensles caso ix
defined by a pndem having fever and one of the following

symptoms: rush, cough, coryza, or conjunctivitis (WHO
2015). Five millllhen whole blood was collected from all

N
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Eastern Reglon (Wajlr, Mandera, and Garissn)

and number of CHIKV and ONNV positives in each county,
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DETECTION OF CHIKUNGUNYA VIRUS AMONG NON MEASLES CASES 3

suspected cases, and serum was separated at the various
health facilities then shipped to KEMRI's reference labora-
tory for testing by ELISA method. In addition, from each
suspected patient, a case investigation form was filled and the
mformation recorded included: region, health facility, gen-
der, age, date of birth, residence, date of onset of rash,
presence of fever, type of rash, measles vaccination history,
status of the patient, tracer information, date of specimen
collection, and type of specimen. The form was sent together
with the serum to the laboratory. The serum was stored in a
biobank at —20°C.

Laboratory testing

Enzyme-linked immunosorbent assay. CHIKV IgM and
IgG antibodies were measured to assess serological evidence
of recent exposure (IgM) and prior exposure (IgG) to
CHIKV.

CHIKV IgG and IgM ELISA. All the 392 serum samples
were heat-inactivated at 56°C for 30 min before testing. We
screened the specimens for anti-CHIKV antibodies using
commercml lgG and IgM capture ELISA kits (Novatec Im-
munodiagnostica GmbhH) ding to the f: 'S
mstructions, Briefly, CHIKV 1gG microplates were coated
with anti-human IgG antibodies. The diluted samples were
added and incubated at 37°C for 1 h. After 1h, the wells were
washed to remove all unbound antibodies, the antigen was
added, and the plates incubated at room s ure for
30 min, Next, the plates were washed, and the detector anti-
body was added into all the wells. The plates were incubated
at room temperature for 30min. After washing, the horse-
radish peroxidase-labeled streptavidin was added to bind to
the captured specific i iplex during incubation at
room temperature for 30min and washed. The immune
complexes were visualized by adding Tetramethy Ibenzidine
(TMB) substrate, which gave a blue color. Stop solution
{0.2M sulfuric acid solution) was added and mcubated for
15 min to stop the reaction that produced a yellow color. The
absorbance was measured at 450 nm using ELISA plate
reader ELx800 (Biotek).

CHIKYV IgM antibodies were detected using microplates
that were coated with anti-human IgM antibodies to bind to

le’s salts with reduced NaHCO,(Sigma), supplemented with
2% heat-inactivated fetal bovine serum (FBS) (Gibco). 2%
L-glutamine (Sigma), and 2% penicillin‘amphotericin B
(Sigma) to a standard ation that produced ~ 20-50
plaques per 100 uL.. Each serum sample was serially diluted
from 1:20 to 1:320 using maintenance media in sterile Ep-
pendorf tubes. A constant volume of the diluted virus with the
required concentration was added into each 1.5mL tube
{Eppendorf ) containing the diluted serum from 1:20 10 1:320
and incubated for 1h at 37°C. The virus-serum mixture
{30 uL of the diluted virus with 30 uL. of the diluted serum)
was then transferred to 24-well plates (Corning) with con-
fluent Vero cell monolayers (African green monkey cells
ATCC) and incubated at 37°C, 5% COx for 1 h for adsorption
process, after which an overlay of 2.5% methylcellulose
(Sigma) was added. After 3-5 days, depending on the virus
tested, the plates were fixed with 3% formalin (Sigma) and
stained with 0.5% crystal violet (Sigma) prepared in absolute
ethanol (Sigma). For eticlogical diagnosis, the PRNTg an-
tibody titer for each virus was required to be four-fold greater
than the other viruses in the same family to arrive at an eti-
ological diagnosis (Tigoi et al. 2015, Chepkorir et al. 2019).
A sample was considered indeterminate if it neutralized two
viruses and did not meet the four-fold greater threshold.

Data analysis

Data analysis was performed using SPSS version 22, The
IgM and 1gG titers for CHIKV were dichotomized as either
positive or negative based on optical density (OD) values,
PRNT results were stratified by the age of the patients, gender
and county of occurrence, and by region (North-Eastern,
Coast, and Nairobi). Association of seropositivity to CHIKY
and ONNV with age, gender, and site of collection was tested
using chi-square. The proportion of positive sample for each
virus was determined.

Results
Patient d hic ch

A total of 392 archived human serum samples were ana-
Iyzed (Nairobi (n=179) (46%), North-Eastern (n=57)
(14%), :md Coast (n=156) (40%)), the median age of the

les cases was 4.7 years and interquartile range

the corresponding antibodies of the diluted ples. All the
other steps were followed as described for CHIKV IgG and
the absorbance was measured at 450nm using ELISA plate
reader ELx800 (Biotek).

Plaque reduction neutralization test. Plaque reduction
neutralization test (PRNT) assays were undertaken toconfirm
the CHIKV IgG and IgM ELISA positive results and to rule
out cross-reactivity with other closely related alphaviruses.
All the alphavirus isolates used in this study were obtained
from KEMRI Viral Haemorraghic Fever (VHF) laboratory:
including CHIKV Lamu 33 (Gen Bank accession no.
HQ456255), (Kariuki Njenga et al. 2008), SFV ATH00510
{Gen Bank accession no. KF283988), (Lwande et al. 2013),
SINV NVS/305 (Gen bank accession no KY616988), (Sigei
et al. 2018), and ONNV SG 650 (Gen bank accession no
AF(079456), (Lanciotti et al. 1998). In brief, all the viruses
were pretitred using plaque assay. then diluted in maint

(IQR) was 2.8-6.7 years. Of the 392 samples, 52.8% were
<5 years, 34.4% were 5-9 years, 6.4% were 10-14 years, and
6.4% were >14 years of age. One hundred and fifty-eight
{40%) were female and 234 (60%) were male (Table 1).

Serological detection of ONNV and CHIKV

Out of the 392 samples tested, 1 (0.3%) sample tested
positive for both anti-CHIKV IgM/IgG and 18 (4.6%) tested
positive for anti-CHIKV IgG. Out of the 18 samples that
were positive by ELISA, 9 (50%) were positive by PRNT.
Only 2 (11%) had neutralizing antibodies against CHIKV
while 7 (39%) for ONNV (Fig. 1). The other9 samples (50%)
had neutralizing antibodies for both CHIKV and ONNV,
which did not meet the four-fold greater threshold hence
considered indeterminate (Table 2). None of the samples had
neutrallzmg antibodies agamst SINV and SFV. CHIKV was

d from a c d in Momb County in

nance media (Minimum Essential medium Sigma with Ear-

2014 while the other one was collected from Nairobi County
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TasLE 1, PATIENT DEMOGRAPHIC CHARACTERISTICS COLLECTED FROM COAST, NORTH-EASTERN,
AND NatroB! REGIONS IN KENYA (2008-2014)

Nairobi North-Eastern
Coast n=156 (40%} n=179 (46%) n=57(14%)
Tana-
Toral (%) Mombasa Kilifi Kwale Lamu Taita Taveta River Nairobi Garissa Wajir Mandera
N 392 47 55 12 5 35 2 179 48 6 3
Age (years)
<5 207 (52.8) 28(14) 26(13) 8(4) 3(1) 22(11) 1(1) 91 (44) 24(12) 3(1) 1(0)
59 135(344) 11(8) 18(13) 4(3) 2(2) 12(9) 1(1) 69 (51) 17(12) 1(1) 0
1014 25(64) 4(16) 416 0 0 0 0 11 (44) 5(200 O 1{4)
>14 25 (6.4) 4(16) 7228 0O 0 1(4) 0 8 (32) 28 238 14
Gender
Female 158 (40) 20(13) 2817 4(3) 3(2) 13 (8) 0 73 (46) 15(9) 1) 1(1)
Male 234(60) 27(12) 27(12) 8(3) 2(1) 22(9 2(1) 106 (45)  33(14) 5(2) 2(1)

in 2009. ONN V was detected in the years 2009 (3/7), 2010 (2/
7). 2011 (1/7) and 2014 (1/7). The counties in which ONNV
was detected were Nairobi (1/7), Garissa (2/7), Mombasa (1/
), Kilifi (1/7), Taita-Taveta (1/7), and Lamu (1/7) (Table 2),

There was no significant difference in seropositivity of
CHIKYV and ONNV with age, gender, and site of collection
(Table 3).

Discussion

This study found two cases of chikungunya infection
among samples that were negative for acute measles in se-
lected areas in Kenya during the 2008-2014 period. This
finding of CHIKV in negative measles cases is an indication
of how such co-circulation of viruses with similar clinical
presentation could complicate measles diagnosis. The low
prevalence rate of CHIKY observed in this study could be

attributed to the early timing of sample collection. It
is known that CHIKYV IgM antibodies are highly detectable
4-20 days afterthe onset of illness (Natrajan et al. 2019) and
may persist for about 2 months. Therefore, samples col-
lected during the first week after onset of illness should have
preferably been tested by both serological and virological
methods (RT-PCR). This was not done due to resource
limitation.

In this sdy, CHIKV IgM antibodies were detected in a
sample collected from a 6 year old who reported to a health
facility with febrile rash illness. This finding suggests the
circulation of CHIKV virus in Mombasa County, Coastal
region, as early as 2014, The Coastal region experienced the
largest outbreak of CHIKV in Lamu County in 2004 (Sergon
et al, 2008). Therefore, this indicates continued circulation
of CHIKV outside of the outbreaks and may also suggest it
had been circulating at low level even before the reported

TaBLE 2. CHIKUNGUNYA AND O'NYONG-NYONG VIRUS PLAQUE REDUCTION NEUTRALIZATION

TestT Postrivity BY ENDPOINT TITERS FOR

ARCHIVED SERUM SAMPLES FROM COAST,

NORTH-EASTERN, AND NAROBI REGIONS IN KENYA (2008-2014)

Demaographic characteristics

PRNTg, titers

Inferred
Sample ID Collection year County Age Gender CHIKV ~ ONNV  SINV  SFV  infection
KEM-14-0509 2014 Lamu 6 M 1:40 1:160 — — ONNV
KEM-14-0910 2014 Mombasa 6 F 1:160 1:20 — — CHIKV
KEM-14-1015 2014 Kilifi 2 M 1:20 1:20 —_— —_— IND
KEM-10-0591 2010 Taita-Taveta 4 F 1:20 1:80 — — ONNV
KEM-10-0317 2010 Kilifi 6 F 1:20 1:160 — — ONNV
KEM-10-0683 2010 Taita-Taveta 3 M 1:20 1:40 —_ — IND
KEM-11-0510 2011 Mombasa 6 M 1:20 1:80 — — ONNV
KEM-12-0947 2012 Kilifi 20 F 1:80 1:40 — — IND
KEM-09-0948 2009 Garissa 9 F 1:40 1:160  — — ONNV
KEM-14-0581 2014 Garissa 1 M 1:20 1:40 — — IND
KEM-09-1318 2009 Garissa 5 M 1:20 1:80 — — ONNV
KEM-09-1319 2009 Garissa 7 M 1:80 1:40 — — IND
KEM-10-1117 2010 Garissa 13 M 1:40 1:40 —_— —_— IND
KEM-09-0390 2009 Nairobi 1 M 1:40 1:20 IND
KEM-14-0889 2014 Nairobi 3 M 1:20 1:40 — — IND
KEM-09-0529 2009 Nairobi 5 M 1:80 1:20 — — CHIKV
KEM-09-0545 2009 Nairobi 36 M 1:20 1:80 — - ONNV
KEM-12-0282 2012 Nairobi 9 F 1:20 1:40 — — UND

PRNT, plague reduction neutralization test; M, male; F, female; CHIKV, chikungunya virus; ONNV, o "nyong' nyong virus; SINV,
sindbis virus; SFV, semliki forest virus; (—), titer <1:20 and IND-indeterminate.
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TABLE 3. ASSOCIATION BETWEEN SEROPOSITIVITY
OF CHIKUNGUNYA AND O "NYONG' NYONG VIRUSES
WITH AGE, GENDER, AND SITE

CHIKV  pvalue ONNV  pvalue

Age
<5 0 0281 1(143) 0121
59 2 (100.0) 5(71.4)
10-14 0 0
>14 0 1(14.3)

Gender
Female 1(500) 1000 3429 1000
Male 1(50.0) 4(57.1)

County
Garissa 0 0974 2(28.6) 0.197
Kilifi 0 1(143)
Kwale 0 0
Lamu 0 1(14.3)
Mandera 0 0
Mombasa 1(50.0) 1(14.3)
Nairobi 1(50.0) 1(143)
Taita Taveta 0 1(143)
Tana-River 0 0
Wajir 0 0

negative measles cases from 2009 to 2015 in Mozambique.
Other studies have also been carried out to determine the
etiologies of fever and maculopapular rash, and these have
yielded results indicating that some of the etiological agents
were overlooked or left out. First, in Brazil by De Moraes
etal. 2011, where dengue virus was detected in 22 cases, Two
of these 22 cases met Brazil's clinical case definition for
rubella, which would have been reported to be rubella, but
these 2 cases were diagnosed as dengue infection. Second, in
Belarus, a study by Yermalovich et al. 2014 found antibodies
against enteroviruses, human herpes virus, adenovirus, and
human parvovirus B19 in measles or rubella suspected cases
among children. Lastly, in Rio de Janeiro, Brazil a study by
Oliveira et al. 2001, showed that dengue fever, rubella, par-
vovirus B19, measles, and human herpes virus 6 were among
the causes of rash between 1994 and 1998, Possibly, the main
contributor to these occurrences could be the fact that arbo-
viruses are overlooked because of unavailability of resources
in terms of equipment for diagnostics assays and specialized
laboratories.

In this study, cross-reactivity was observed in samples
that had tested positive for anti-CHIKV IgG on ELISA
neutralizing with ONNV on PRNT assay. This finding is

outbreak, which occurred in Mombasa in 2018 (WHO 2018).
This is likely to happen because only a few cases present with
a maculopapular rash, and they easily go undetected.

The Coastal region also experienced a large dengue out-
break in 2013 (Ellis et al. 2015), 2013-2014 (Lutomiah et al.
2016), which could have led to underreporting of CHIKV
because of its similar clinical symptoms (WHO 2009). The
Coastal region has competent vectors for CHIKV as shown
by Mulwa et al. (2018), Agha etal, (2017), and Mbaikaet al.
{2016), and this is attributed to the exacerbation of the in-
tensity of the CHIKV transmission and outbreaks.

CHIKV neutralizing antibodies were also detected in a
sample collected from a 5 year old in Nairobi County in the
year 2009, indicative of past exposure to the virus. Nairobi
County has never experienced any arboviral outbreak, when
compared with Mombasa County.

O’nyong-nyong virus neutralizing antibodies were de-
tected in Lamu, Taita-Taveta, Kilifi, Mombasa, Garissa, and
Nairobi, indicating past exposure to the virus in all the three

gions from samples collected between 2009 and 2014,
A large number of samples neutralized with ONNV were
observed in Coastal region, a finding consistent with the
findings from a previous study by LaBeaud et al. 2015 that
found ONNV exposure to be common in Coastal Kenya be-
tween the years 2014 to 2015. The last documented ONNV
outbreak in Kenya occurred in 1961; the outbreak spread
to neighboring countries, eventually affecting more than 2
million individuals but without any recorded fatalities (Rezza
et al. 2017). We did not detect any neutralizing antibodies
against SINV or SFV in the measles negative samples but
this doesn’t rule out the possibility of these viruses circulat-
ing among undiagnosed measles cases. This is because these
viruses have been detected in serological surveys carried out
in Kenya (Tigoi et al. 2015, Ofula et al. 2016) and also during
vector surveillance carried out by Ochieng et al. 2013,

The results of this study agree withthe findings by Antonio
et al. 2019, where CHIKV IgM and IgG were detected in

consi with other studies reported in Kenya and Ca-
meroon, where cross-reactivity was observed between
CHIKYV and ONNV (Kuniholm et al. 2006, LaBeaud et al.
2015, Tigoi et al. 2015). This could be due to the fact that
both viruses may have been co-circulating in the region and
continued evolution of ONNV has made it antigenically
more similar to CHIKY than previously reported (Chanas
et al, 1979).

Conclusion

This study found two cases of chikungunya and seven
cases of o 'nyong’ nyong viruses in suspected measles cases
from various counties in Kenya that had tested negative for
measles. There is need for continuous awareness among
clinicians and the need to improve surveillance of these
epidemic-prone arboviruses for better detection, outbreak
detection, and clinical management.

Our findings, indicate clinical diagnosis is not sufficient to
detect febrile rash cases and laboratory confirmation is es-
sential to determine other causes of febrile rash illnesses in
Kenya.

Arboviruses are overlooked because diagnostic assays are
not typically available at the county and sub-county levels.
The tests are often performed in very few specialized labo-
ratories at national level. A further reason is the lack of
ELISA kits for other alphaviruses, which makes it difficult to
detect these viruses causing illness. We strongly recommend
molecular testing of arboviruses to detect these arboviral
infections in Kenya and testing for additional pathogens
should also be considered in measles/rubella control.

We consider this study a success; but at the same time, we
acknowledge existing limitations. First, over %% of the study
participants are children, given the surveillance of measles
and rubella is focused on children. Second, molecular testing
of alphaviruses was not possible due to limited resources.
Third, logistically speaking it would be difficult to obtain
convalescent samples having worked on archived samples.
Fourth, we were alsonot able totest forother pathogens due to

121



at 09/01 /20 For perscmal use anly.

tremu wwwin

Dowaloaded by Mary Amm Licbert, inc.

6

limited testing panels, and finally, the travel history of the
patients was not captured during sample collection,
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