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Abstract

Introduction

Multiple outbreaks of Rift Valley Fever (RVF) with devastating effects have occurred in East
Africa. These outbreaks cause disease in both livestock and humans and affect poor house-
holds most severely. Communities living in areas practicing nomadic livestock movement
may be at higher risk of infection. This study sought to i) determine the human exposure to
Rift Valley fever virus (RVFV) in populations living within nomadic animal movement routes
in Kenya; and ii) identify risk factors for RVFV infection in these communities.

Methods

A cross-sectional descriptive study design was used. Samples were collected from the year
2014 to 2015 in a community-based sampling exercise involving healthy individuals aged
>18 years from Isiolo, Tana River, and Garissa counties. In total, 1210 samples were
screened by ELISA for the presence of immunoglobulin IgM and I1gG antibodies against
RVFV. Positive results were confirmed by plague reduction neutralization test.

Results

Overall, IgM and IgG prevalence for all sites combined was 1.4% (95% Cl 0.8-2.3%) and
36.4% (95% CI 33.8-39.2%), respectively. Isiolo County recorded a non-significant higher
IgG prevalence of 38.8% than Garissa 35.9% and Tana River 32.2% (Chi square = 2.5,

df =2, p=0.287). Males were significantly at higher risk of infection by RVFV than females
(OR =1.67,95% CI 1.17-2.39, p<0.005). Age was significantly associated with RVFV in-
fection (Wald Chi =94.2, df = 5, p<0.0001). Individuals who had regular contact with cattle
(OR =1.38, 95%Cl 1.01-1.89) and donkeys (OR = 1.38, 95%CI 1.14—1.67), or contact with
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analysis, decision to publish, or preparation ofthe  animals through birthing (OR = 1.69, 95%CI 1.14—2.51) were significantly at a greater risk of
manuscript. RVFV infection than those who did not.
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Conclusion

This study demonstrated that although the Isiolo County has been classified as being at
medium risk for RVF, virus infection appeared to be as prevalent in humans as in Tana
River and Garissa, which have been classified as being at high risk. Populations in these
counties live within nomadic livestock movement routes and therefore at risk of being
exposed to the RVFV. Interventions to control RVFV infections therefore, should target com-
munities living along livestock movement pathways.

Author summary

Rift Valley fever (RVF) is a neglected mosquito-borne zoonotic disease that causes major
outbreaks and economic harm to human and ruminants health leading to increased pov-
erty within affected communities. RVF is caused by RVF virus (RVFV) affecting humans
and a wide range of ruminants. The virus is transmitted through bites from mosquitoes
and exposure to blood, body fluids, or tissues of infected ruminants. It was first isolated in
Kenya in 1930 and several outbreaks have been recorded in many countries in sub-Saha-
ran Africa. We studied pastoralist communities living along livestock migratory routes.
Migratory livestock do move long distances in search of water and pasture and may be at
higher risk of exposure to RVFV. We also determined risk factors for RVFV infection by
studying age, gender, contact with animals through birthing, and occupation. Prevention
and control of RVFV infection can target significant risk factors to prevent spread and re-
occurrence of outbreaks.

Introduction

Rift Valley fever (RVF) is an acute, mosquito-borne viral zoonotic disease of ruminants and
humans causing outbreaks in Africa and Arabian Peninsula with significant negative public
health and economic consequence [1]. The causing virus, RVF virus (RVFV) belongs to the
family Phenuiviridae, genus Phlebovirus[2]. The virus was first isolated in Kenya in 1930 and
extensively described in the 1931 epizootic among farmers and affected herds [3]. Since then,
several RVFV outbreaks have occurred causing high morbidity and mortality in humans and
livestock as well as significant economic loss in affected regions/countries [2]. The African
continent has been affected mostly with human infections and outbreaks affecting Eastern
Africa in 1997/98 and 2006/2007 which was widespread in Kenya, Tanzania, Somalia, Djibouti,
Sudan and South Sudan [4]. The full impact of these outbreaks was not fully quantified but it
was documented that Kenya suffered economic losses of up to US $ 32 million due to losses of
animal herds, vaccination costs and trade bans [5]. In Kenya, the 1997/98 and 2006/2007
RVEV outbreaks led to 600 and 150 human deaths and over 27,000 and 700 estimated cases
respectively, overstretching the limited public health resources and facilities in the North-East-
ern regions of Kenya [5]. Other countries that have been affected include South Africa, Zimba-
bwe, Egypt, Mauritania, Senegal, Niger, Madagascar, Mayotte, Saudi Arabia and Yemen [6-
10].
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RVEFV is transmitted by diverse species of mosquitoes broadly classified into primary vec-
tors (floodwater Aedes) that maintain the virus for variable number of years in their drought
resistant eggs deposited on wet soils on low lying depressions on land [11]. Following heavy
persistent rains with flooding, the eggs hatch with a proportion already infected that emerge
as infected adult female mosquitoes initiating transmission to nearby livestock which serve
as amplifiers [12]. Subsequently, secondary vectors (Culex mosquitoes) are infected taking
over transmission, potentially coupled with livestock and wildlife movement, and spread the
virus far and wide resulting in outbreaks [13-15]. RVF mainly affects ruminants, especially
cattle and sheep, and the transmission to humans is through direct contact with infected
blood, animal tissue, abortus foetus, or birthing fluid, or through infected mosquito bites
[16]. RVFV infection in livestock causes abortions and more than 95% perinatal mortality in
livestock (i.e., sheep, goats, cattle, and camels) [10]. Most RVF cases in humans are subclini-
cal with flu-like symptoms and may go undetected, but a small percentage of cases develop
severe symptoms such as encephalitis and hemorrhagic fever disease with high case-fatality
rates [17]. Ocular, liver, and kidney disease are also common complications [18, 19]. In addi-
tion, a significant association between RVFV infections during pregnancy and an increased
risk for miscarriage in humans has recently been demonstrated [20]. Outbreaks are associ-
ated with large economic losses affecting agricultural production due to loss of livestock, vac-
cination costs, and trade ban on animals and animal products consequently resulting in
poverty among communities which rely on livestock production as their economic mainstay
[21].

Circulation of RVFV may expand worldwide due to demographic changes in the environ-
ment and climate variability in areas with close interaction between wildlife, livestock, vectors
and human population [22-24]. Intense livestock production activities in close proximity to
human populations and increased nomadic movement of livestock through areas with poten-
tial vector breeding sites during search of pasture and water, poses a threat of RVFV outbreaks
to many countries [25]. Early warning systems are required in order to develop mitigation
measures [26]. In previous outbreaks, late warnings, especially after rains and flooding, did not
help to prevent massive economic losses [27].

Periodic outbreaks of RVF have occurred in Kenya, but limited information is available on
the actual spatial distribution of infection among humans during the inter-epidemic period in
areas associated with nomadic livestock movements. RVEV seroprevalence studies in humans
have been performed in Kenya since 1987. The general RVFV seroprevalences have varied
from 0% to 32%, depending on year of sampling and/or geographical location [4, 28]. In
North-eastern Kenya there are many nomadic pastoral communities, and it has been shown
that individuals with this lifestyle are at higher risk of infection with RVFV due to frequent
contact with sick animals and animal products including blood, meat, and milk [29]. All coun-
ties in Kenya were recently classified into low, medium, or high risk for RVFV transmission
based on the proportion of the national RVF epizootic years that the county has been involved
in outbreaks since the first report of the virus in the district [12, 30, 31]. In the present study,
sites occupied by pastoralist nomadic communities that fall in high and medium risk of RVFV
transmission were selected.

The aims of this study were (i) to determine the extent of human exposure to RVFV infec-
tion in these zones with diverse ecologies, or communities, and (ii) to identify other contribut-
ing or confounding factors of infection. This is expected to provide an understanding of how
the pastoral practices may cause human exposure to RVFV infection and influence disease cir-
culation along animal movement and pastoral zones.
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Methods
Study Sites

The study was carried out in arid and semi-arid RVF high-risk counties of Isiolo, Garissa, and
Tana River, selected based on the RVF risk map and differential impact of the RVF outbreak
in 2006/2007, where Garissa county had 300 human cases, Tana-River 16 human cases and
Isiolo had 7 human cases (Fig 1) [31] ([32]. These areas are inhabited by nomadic pastoral
communities who make use of this harsh environment by keeping sheep, goats, camels, and
cattle as agricultural production is not feasible. The lifestyle of communities in these areas is
characterized by periodic nomadic movement and temporary and/or permanent settlements
in areas with sufficient pasture and water. The livestock migratory routes were monitored
using GPS collar (Followit Sweden AB) installed on five selected herds in the three counties
and their movement was monitored for two years. County and sub-county shapefiles were

obtained from Kenya Open Data portal.
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Fig 1. Map showing the study areas with specific villages samples indicated by red dots, towns indicated by green spots and herd movement routes in different
colors as per the legend. (Source: 30m Digital Elevation Model from USGS was used to generate the insert map. County and Subcounty shapefiles were obtained from
Kenya Open Data portal and the pastoralist migratory routes were monitored using GPS collar. The map was generated using ArcMap 10.2.2 from ESRI).

https://doi.org/10.1371/journal.pntd.0007979.9001

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007979  February 21, 2020

4/15


https://doi.org/10.1371/journal.pntd.0007979.g001
https://doi.org/10.1371/journal.pntd.0007979

@' PLOS NEGLECTED
2 ’ TROPICAL DISEASES Risk factors for Rift Valley fever virus exposure along nomadic animal movement routes

Garissa County: The Garissa study site (0° 27°25” S, 39° 39 30” E, 151 m elevation), has an
annual mean temperature and rainfall of 28.8°C and 576 mm respectively, with high inter-
annual inter-variability in rainfall. The vegetation in the area is mainly Acacia-Commiphora
deciduous bush land and thicket (Savannah, Shrub land, open to very open shrubs) and on the
coastal end lies the Boni Forest with indigenous open canopy forest that forms part of the
Northern Zanzibar-Inhamdare Coastal Forest Mosaic. The site includes sandstones, dark clays
and red sand soils. The site covers areas of Garissa, Jjara, and Lamu located between Tana
River County and the boundary to Somalia (Fig 1). It has a population of 623,060 with most
inhabitants from the Somali ethnic group. We sampled from Ijara, Fafi, Lamu East, and Lamu
West sub-counties all in Garissa county. The main economic livelihood for the people living in
Garissa is keeping nomadic livestock. About 90% of the population is directly dependent on
livestock for daily nourishment and as a source of income. In Garissa, large livestock herds
have to be moved during the dry season in search of pasture and water to the Tana River delta
or into the Boni forest, which leads them through human settlements, wildlife and/or villages,
different ecological zones (agro-pastoral, bushed low-lying grassland and dry humid ecological
zones) and brings them in contact with wildlife (warthogs, gerenuk, waterbuck and buffalo)
and different vector communities (Aedes and Culex mosquitoes). It is classified as a RVF high
risk zone [30, 31] and is a major hotspot area in Kenya affected by the last outbreaks of RVF in
1997/98 and 2006/07 with over 300 cases reported [32, 33].

Isiolo County: Isiolo County (0° 21’ N, 37° 34’ 60 E, 1,145 m elevation) is within the arid to
semiarid zone low-plains, characterized by infrequent rainfall, and predominantly flat with low-
lying plains. Isiolo has an annual mean temperature of 26°C, an annual mean rainfall of 580
mm, and is served by the Ewaso Nyiro River, which is one of the main sources of water for both
domestic and agricultural purposes. The Ewaso Nyiro flows through the county and partly
bounds it. The county population is 143,294 (2009 census), divided into Isiolo North and Isiolo
South sub-counties. It is inhabited predominantly by the Cushite communities (Oromo-speak-
ing Boran and Sakuye), Turkana, Samburu, Meru and Somali. Apart from Meru, these commu-
nities’ practice nomadic pastoralism as a source of income. Livestock are moved for long
distances during dry seasons in search of pasture and water encountering population settle-
ments at different ecological zones, and vector communities predisposing them to risk of RVF
infection. Isiolo County has been classified as a medium risk area for RVF. It was affected to a
lesser extent by the outbreaks of 1997/98 and 2006/07 with 8 cases being reported [31].

Tana River County: The Tana River County borders to Garissa County to the Northeast
(Fig 1). It lies between latitude 1° 7°S and 2° 3°S and longitude 40° 4°E and 41° 32°E, 1457 m
elevation, and is divided into sub-counties including Garsen, Galole, and Bura. Rainfall is
erratic, with rainy seasons in between March and May as well as October and December. The
average annual rainfall is between 400mm and 750mm with a mean annual temperature rang-
ing between 30°C and 33°C. It is sparsely populated with a population of about 240,075
according to the 2009 census [34]. The County is generally dry and prone to prolonged severe
drought causing migration of nomadic livestock farmers to the Tana River delta where there
are several areas of forest, woodland, and grassland where water and pasture is abundant.
There are several wild ungulates that graze in the area (e.g., Damaliscus lunatus topi) as well as
bird species. The major ethnic groups in this County are the Pokomos who practice agro-farm-
ing as well as the Orma and Wardey, who are predominantly nomadic livestock keepers. Tana
River is an RVF hotspot affected by the 2006/7 RVF outbreak with 7 deaths and 16 reported
probable cases [4]. The delta serves as a convergence zone for livestock, humans, and wildlife
and a diversity of mosquito species including known vectors of RVFV that could facilitate
transmission and exposure to RVFV infection. Flooding occurs, associated with occasional
heavy rainfall in upstream areas of the Tana River.
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Study population

Randomized population sampling was used to select a pool of potential participants from 20 vil-
lages into the study and cross-sectional surveys were conducted between August 2014 and
November 2015. A total of 1210 persons from the pool (male and female) aged >18 years living in
villages at close proximity to the livestock movement routes were recruited into the study [35],
(Fig 1), using the Cochran (1963) sample size calculation formula for prevalence studies [36]. The
study subjects who consented to participate were randomly selected within their village of resi-
dence. A structured questionnaire was administered to collect socio-demographic data of the sub-
jects after which blood samples were collected by venipuncture. Potential participant from the
pool were excluded from the study if he or she did not consent to participate in the study.

Ethical considerations

The study was approved by Kenya Medical Research Institute’s Scientific Ethics Review Unit
(SERU) (SSC No. 2346). Informed consent was sought from all potential subjects and those
meeting all inclusion criteria who consented to participate were recruited by signing a written
informed consent. All personal information obtained in this study was kept confidential.

Laboratory testing procedures

Analyses of IgM and IgG against RVFV. All serum samples were screened for exposure
to RVFV using RVFV specific IgM and IgG enzyme-linked immunosorbent assays (ELISA).
The commerecial kits used were manufactured by Biological Diagnostic Supplies Limited
(BDSL), Scotland, UK, and used according to the manufacturer protocols and published pro-
cedures. These kits were originally developed by the Special Pathogens Unit of the National
Institute for Communicable Diseases (SPUNICD), Sandringham, South Africa [37]. The sensi-
tivity and specificity to the standard panel of positive and negative samples was indicated as
100% respectively. Briefly, all serum samples were diluted 1:20 and heat inactivated at 56°C for
30 minutes and then the IgM and IgG ELISA were conducted per manufacturer instructions.
The plates were analyzed at 405nm.

Interpretation of IgM and IgG ELISA results. Interpretations of results were done per
the manufacturer instructions. The intensity of colors produced in the RVFV ELISAs were
proportional to the amount of anti-RVFV IgG or IgM. The positive control optical density
(OD) values ranged 0.81-1.7 for the test to be valid. Two intermediate OD values of the posi-
tive control were used for the calculation of the net mean OD value of the positive control (C+
+). The value was then used in the calculation of percentage positivity for the negative control
(C-) and test serum using the formula as follows:

Percentage Positivity (PP) = Net OD serum (C-, or Test serum)

Net mean OD C++

Threshold PP value: Sera producing PP values > 29 were considered to be positive and neg-
ative otherwise.

Plaque reduction neutralization test. Samples positive for RVFV antibodies by either
IgM or IgG ELISA were further analyzed using a plaque reduction neutralization test (PRNT)
to confirm the presence of antibodies against RVFV. Each virus isolate was diluted to a stan-
dard concentration that produced approximately 50 plaques. Serum samples were heat inacti-
vated at 56°C for 30 min. Each sample was serially diluted in a sterile 96-well plate to
determine the end point titer or highest dilution that neutralized at least 90% of the virus at
1:20 to 1:80 concentration in maintenance medium (minimum essential media [Sigma] with
Earle’s salts, 2% fetal bovine serum, 2% glutamine, 100 U/mL penicillin, 100 pg/mL streptomy-
cin, and 1 pL/mL amphotericin B). A constant amount of diluted virus (1 x 108 pfu/ml) was
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added into each well of the 96-well plate containing serially diluted serum samples and incu-
bated for 1 h at 37°C. The virus-antibody mixture was then transferred to a 24-well plate with
a confluent Vero cell monolayer and incubated at 37°C in CO, for 1hr for virus adsorption,
after which an overlay of 2.5% methylcellulose was added and incubated for 5-10 days at 37°C
in CO,. The plates were retrieved from the incubator and stained with 0.25% crystal violet in
absolute ethanol. All reactive sera from the initial screening at 1:20 were further serially diluted
to determine the endpoint titer, in the highest dilution that neutralized 90% or greater of the
RVFV relative to a serum-free control.

Explanatory variables. The explanatory variables included sex, age, and occupation of sub-
jects, whether one had regular contact with cows, goats, donkeys, and whether contact with animals
was made through birthing. We also controlled for site (Garissa = 1, Isiolo = 2, Tana river = 3).

Analysis

All analyses were performed using Stata v13.1 (StataCorp, College Station, TX). First, we sum-
marized the proportions positive for RVFV, and their 95% confidence intervals (Cls) esti-
mated using Agresti-Coull method [38]. Next, we computed the intra-class correlation
coefficient (ICC) to assess the variation in the outcome explained by clustering due to village
of residence. The ICC measures the relatedness of the subjects within a group such as village
and ranges from 0 (individuals within a group are as heterogeneous as individuals between
groups) to 1 (members within a group show identical responses). It is the ratio of the variance
component due to villages to the total variance for individual subjects[39], defined as

/(O itage  Toatjer):

village subject

ICC=¢?

village

2

where o? b
suvject

village
with subjects within villages. An ICC value of 0.027 was obtained, indicating that village of res-
idence explained at least some variability in the outcome. Finally, to explore factors associated

with RVFV infection while taking care of the correlations between outcomes from subjects in

is the component of variance between villages and 6>, _ is the variance associated

a village, we fitted a generalized estimating equations (GEE) model with a logit link function,
assuming exchangeable working correlation [40]. Explanatory variables with a significant asso-
ciation (p<0.1) on univariable analyses were included in a backwards, stepwise regression
model and rejected at the p>0.05 significance level.

Results
Descriptive findings

Data were available on 1,210 individuals from 20 villages in three sites (Garissa, n = 664; Isiolo,
n = 446; Tana River, n = 100). Sixty-two percent of the participants were females and the rest
males. Their mean (median) age was 43.8 years (40.0 years). However, males were significantly
older (49.8 years) than females (40.3, t-test p<<0.0001). Most of them were pastoralists (47.7%),
followed by housewives (26.6%), herdsmen (22.7%), crop farmer (1.8%), and the rest were clas-
sified as either teacher or student (1.2%). The participants reported to have regular contact
with cattle (78.4%), goats (91.0%), and donkeys (30.3%). Approximately twelve percent
reported to have made contact with animals through birthing.

Prevalence of RVFYV specific IgM and IgG, and risk factors for RVFV
infection

Opverall, 17 individuals (1.4%, 95%CI 0.8-2.3%) were IgM positive indicating an acute or
recent RVFV infection. This proportion varied across the sub-counties, although not
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Table 1. Percent positive for Rift Valley fever virus by sub-county of residence.

Sub-county of residence IgM IgG
N no. positive % positive no. positive % positive

Isiolo County

Isiolo North 240 5 2.1 118 49.2

Isiolo South 206 2 1.0 55 26.7
Garissa County

Ijara 104 2 1.9 44 42.3

Fafi 316 6 1.9 104 329

Lamu East 167 1 0.6 63 37.7

Lamu West 77 0 0.0 26 33.8
Tana River County

Garsen 100 1 1.0 31 31
Opverall Prevalence 1210 17 1.4 441 36.4

N = total number of individuals sampled; no. = number

https://doi.org/10.1371/journal.pntd.0007979.t001

significantly (p = 0.830; Table 1). None was IgM positive in Isiolo South and Lamu west. We
also observed that this proportion was similar in females (1.2%) and males (1.8%). The inci-
dence was 1.6% among those who had contact with cattle and 0.8% among those who did not
have contact with cattle. Among those who made contact with donkeys the incidence was

2.5%, and was below 1% among those who did not make contact with donkeys.

Of 1,210 participants, 36.4% (95% CI 33.8-39.2%) were RVFV IgG seropositive by ELISA
and neutralization assay. RVFV (IgG) prevalence was 35.7% in Garissa, 38.8% in Isiolo, and
31% in Tana River. These prevalences were not statistically different (Chi square = 2.5, df = 2,
p = 0.287). There was a non-significant variation in RVFV exposure as measured by IgG,
across occupation (Wald Chi = 0.98, df = 4, p = 0.913). Isiolo North, Ijara, and Fafi sub-coun-
ties (49%, 42% and 33%, respectively) had the highest prevalence of RVF compared to other
sub-counties (Chi square = 8, df = 32, p<0.001; Table 1). The proportions RVFV IgG positive
increased with age from 14.8% among the 18-24y old to 57.3% among those aged 65y and
above (Fig 2).

Adjusted Odds ratios for RVFV IgG seropositivity using the GEE model are presented in
Table 2. The results indicated that after adjusting for other factors, males were at a significantly
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Fig 2. Rift Valley fever virus IgG prevalence by age group separately for females and males. Error bars indicate 95%
confidence intervals.

https://doi.org/10.1371/journal.pntd.0007979.g002
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Table 2. Adjusted odds ratios for RVFV IgG seropositivity: generalized estimating equations model results.

Variable Adjusted OR (95% CI) p-value
Sex Female 1

Male 1.67 (1.17-2.39) 0.005
County Garissa 1

Isiolo 1.10 (0.68-1.77) 0.704

Tana River 1.21 (0.71-2.07) 0.478
Age group 18-24 1

25-34 1.89 (1.30-2.75) 0.001

35-44 2.57 (1.71-3.86) <.001

45-54 4.42 (2.78-7.01) <.001

55-64 4.72 (2.87-7.77) <.001

65+ 6.72 (4.42-10.21) <.001
Occupation Pastoralist 1

Housewife 0.94 (0.61-1.45) 0.779

Herdsman 1.04 (0.70-1.54) 0.857

Teacher/student 0.78 (0.26-2.35) 0.653

Crop farmer 1.33 (0.54-3.25) 0.532
Contact with cattle No 1

Yes 1.38 (1.01-1.89) 0.044
Contact with donkeys No 1

Yes 1.38 (1.14-1.67) 0.001
Contact by animal birthing No 1

Yes 1.69 (1.14-2.51) 0.009

OR = odds ratio

https://doi.org/10.1371/journal.pntd.0007979.t002

67% higher risk of infection by RVFV than females (aOR = 1.67, 95% CI 1.17-2.39). Increasing
age was significantly associated with RVFV infection (Wald Chi = 94.2, df = 5, p<0.0001):
compared to those aged 18-24 years, individuals in older age groups were two times more
likely to have been exposed to RVFV infection (Table 2). After adjusting for other factors,
those who made regular contact with cattle (p = 0.044) and donkeys (p = 0.001) were both at a
significantly (38%) greater risk of RVFV exposure than those who did not (Table 2). Individu-
als who made contact with animals during birthing were also more likely to be infected with
RVEV than those who did not (p = 0.009).

Discussion

This study analyzed human exposure to RVFV infection in villages along livestock migratory
routes, which are convergence zones for the interaction between humans, animals, and the
environment, reinforcing the One Health concept of RVF surveillance [41]. Acute infection in
humans was noted in 17 (1.4%) asymptomatic individuals, measured by the presence of RVEV
IgM. A large frequency, 36.4%, have had past exposure to RVFV measured by RVFV IgG. Sig-
nificant risk factors included being male, older age, contact with cattle, contact with donkeys
and contact with animals through birthing.

We monitored five herds that were found to move long distances in search of water and
pasture. The Garissa county herd moved to Boni forest and back each year, passing through
Fafi, Jjara, and Lamu sub-counties. The Tana River herds moved from Fafi and Bura sub-
counties to the Tana Delta. The Tana River and Garissa county livestock were converging

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007979  February 21, 2020 9/15


https://doi.org/10.1371/journal.pntd.0007979.t002
https://doi.org/10.1371/journal.pntd.0007979

@' PLOS NEGLECTED
2 ’ TROPICAL DISEASES Risk factors for Rift Valley fever virus exposure along nomadic animal movement routes

along the Tana River delta. The Isiolo herds moved long distances as well, with the Isiolo
North and Isiolo South herds converging in some areas on their way back. The intense practice
of pastoralism by these communities in search of pasture and water is a possible factor that
could lead to increased exposure to RVFV infections as they move into new ecosystems, e.g.
the Tana River delta. The climatic conditions in the three study sites are characterized by high
temperatures and occasional flooding during the rainy season, favoring the emergence and
survival of RVFV primary and secondary vectors that have the potential to cause outbreaks
[10, 12, 15].

Data analyzed in the presented study were collected during 2014-2015, which was an inter-
epidemic period, just before the 2015-2016 heavy El Nifio rainfall alert that has previously
been associated with RVF outbreaks. There was no large outbreak reported in 2016, and the
high RVFEV seroprevalence seen in the present study could potentially be a factor that reduced
transmission and disease cases. Goats from two herds sampled during an RVF surveillance in
Kenya in 2015/2016 in response to the El Nifo rainfall alert showed RVF IgG antibodies con-
firming RVFV exposure [42]. Human infection with RVFV could in many cases be sub-clini-
cal, since the seroprevalence reported generally in humans always exceeds the number of
reported cases [28]. During outbreaks, majority of the cases that have clinical symptoms pres-
ent with a mild febrile illness with no long-term sequelae and often go unreported [9]. We
showed that the RVFV IgG prevalence for all three counties investigated was 36.4%. This is in
the higher range compared to previous studies from Northeastern Kenya where the human
RVFYV seroprevalence was, for example, 15% in 1998 (Woods et al., 2002), 12.5-32% in 2006—
2007 [4, 43-45], and 15-25% in 2009-2012 [1, 23, 46, 47]. Our findings showed males were at
a significantly higher risk of infection by RVFV than females, and increased age was associated
with higher RVF IgG prevalence. Furthermore, individuals who had regular contact with live-
stock had a greater risk of RVFV infection. Majority of the participants were females. Most
males work away from home taking care of the livestock or on employment and hence were
not available during sampling. Tana River had the least number of study participants due to
inaccessibility during sampling arising from the insecure situation at the time of sampling. In
terms of occupation, the majority were pastoralists and herdsmen which was expected as pas-
toralism is a major source of livelihood for populations living in Garissa, Isiolo, and Tana
River counties.

The human RVFV seroprevalence was similar for all counties investigated. Isiolo County is
regarded as a RVF medium risk County [31]. Our finding that RVFV infection, as measured
by IgG, had similar prevalences in the neighboring counties could be attributed to the fact that
the three counties share boundaries. Livestock movement across the counties usually occur
hence the possibility of transmission of infection at convergence zones (watering and pasture
points) like the Mboni Forest and Tana River delta, among others, as the animals are moved to
pasture and water [35]. In addition, the presence of both primary and secondary vectors of
RVFV (i.e., Aedes mcintoshi and some Culex species) could play an important role in the high
prevalence observed in the study [12]. Similarly, in Garissa County, which borders Isiolo
County, studies have shown an abundance of RVFV primary vectors (i.e. Aedes mcintoshi and
Ae. ochraceus) as well as the secondary vectors (i.e., Culex spp) known to transmit RVFV dur-
ing floods [11, 12, 48]. Another factor is the human behavior such as handling of sick animals,
sheltering of animals, slaughtering practices, and birthing, that could differ across the counties
and could influence the risk of infection [49, 50].

This study showed that males were at a significantly higher risk of past exposure to RVF
due to increased IgG prevalence than females. We speculate that men spend more time out-
doors in contact with animals as they are herding, and exposure may have happened over
time. This increases the risk of exposure to infectious mosquito bites since they usually do not
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have adequate protection. This is consistent with the findings by Anyangu et al., 2010, which
reported a high proportion of acute RVFV infection and severe disease in males [16]. Similarly,
the occupation of herding and pastoralism is dominated by males, which involves high risk
animal-related activities like consuming or handling sick animal products, sheltering sick ani-
mals at home and away, birthing, slaughtering, milking, or skinning of dead or sick animals
[23]. On the contrary, due to lack of knowledge, women get infected as they take care of sick
animals at home hence posing a significant risk of infection to them especially for rural
women [50]. RVFV prevalence was lower among the younger age groups [1, 29]. Another
study conducted in Kenya also observed that there was a significant association of RVFV sero-
positivity with age and that the odds of RVFV seropositivity in the elderly was twice that of the
younger age group[45]. In our study, increasing age was significantly associated with RVFV
infection. This can be attributed to the cumulative effect of exposure over time and the possi-
bility of the older population having been exposed to RVFV infected mosquitoes, sheltering of
sick animals, slaughtering infected animals, contact with infected arbutus, disposal of infected
fetus or previous exposure during the major outbreak in 1997/98 and 2006/2007 in these
regions [4, 10, 23]. We speculate that the younger age-group are also less likely to handle these
infectious materials and hence the reduced likelihood of exposure. It is therefore possible that
the high RVFV prevalence observed in all the sites between the year 2014 and 2015 could be
due to the past large outbreaks experienced in Kenya in 1996/97 and 2006/2007 [1, 29].

RVF can infect many species of animals causing severe disease in domesticated animals
including cattle, sheep, camels and goats. Sheep and goats appear to be more susceptible than
cattle or camels [22]. Donkeys were included in this study because they are domesticated in
large numbers in the study area and mosquito blood meal analysis have shown donkey blood
making donkeys a possible reservoir for RVFV that should be looked into. We found out that
persons who made regular contact with cattle and donkeys were at a significantly greater risk
of RVFV infection than those who did not, a finding which was also observed by a study con-
ducted by Anyangu et al, 2010, during the 2007 outbreak in Kenya [16]. This can be attributed
to the fact that the animals they come in contact with through high risk related activities men-
tioned earlier could be infected with RVFV hence transmission. Animal contact can occur
through slaughtering, herding, sheltering sick animals within the homestead, birthing, or con-
suming and handling products from sick animals such as milk, meat, and blood [10, 51]. Our
study has shown that participants with regular contact with animals through birthing were at
higher risk of RVFV infection. Community education should be done on these risk factors to
minimise disease transmission.

Although Isiolo is classified as being at medium risk of RVF outbreaks, and Garissa and
Tana River as being at high risk [31], our study revealed no significant difference in seropreva-
lence among the three counties. This is contrary to the expectation based on the risk level on
the proportion of the national RVF epizootic years that the counties were involved in, since
the first report of the virus in the district [31]. The risk of transmission through exposure to
infected animals and animal products could be low in Isiolo County, because the IgG seroprev-
alence among livestock in the same area during the 2006/2007 outbreak was much lower in
Isiolo (9.5%) compared to Garissa (20.9%) county[52]. We however cannot rule out that differ-
ences in human behavior such as use of personal protective equipment during birthing,
slaughtering, handling of sick animals, among others, that could expose the population in
Isiolo county to a higher risk of infection [49, 50]. Interestingly, reports from the last outbreaks
did not document any human deaths in Isiolo County [4]. Human cases or deaths are known
to occur after exposure to infected animals or animal products or fluids. In our case, we can
speculate that although there were no severe human cases reported during the outbreak in
2006 [4], human exposure might have occurred through bites from infectious mosquito that
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resulted in mild to subclinical infection responsible for the observed increased seroconversion.
The vector species composition observed in Isiolo by previous studies showed high densities of
secondary vectors which could be associated with human transmission and the complete
absence of a key primary vector Aedes ochraceous [12] may have a bearing on the livestock
transmission.

Considering these findings, we strongly recommend that animals moving along these
routes be vaccinated during RVF outbreak alerts in response to early warning signs to protect
the populations at risk. Ongoing efforts to develop human RVF vaccine should target these
populations as important beneficiaries. Continual stake holder engagement will be done dur-
ing dissemination of findings to sensitise communities and community leaders on infection
control measures when handling animals and meat products. This includes decreased contact
with blood, body fluids, or tissues of infected animals by wearing personal protective equip-
ment. In addition to these, communities can protect themselves against mosquito bites by use
of mosquito repellents and bed nets. Public health officials will use these findings to provide
information regarding suggested protective and infection control measures as well as sustain-
able environmental monitoring and case surveillance systems that will aid in the prediction
and control of RVF outbreaks.

An important limitation of this study is that we did not sample a comparison or control
group comprising people that do not live in the nomadic pastoral zones because of funding
limitation to be able to travel and access all areas. However, the study still managed to generate
valuable information of RVFV exposure in age cohorts of humans in RVF-prone areas.

Conclusion

This study established that a large proportion of populations living in the three Counties of
Garissa, Isiolo, and Tana River have been exposed to RVFV infection. The significant risk fac-
tors associated with RVFV infection include age, being male, contact with cattle and donkeys,
and contact with animals through birthing. Infection control measures should target these sig-
nificant risk factors to reduce disease transmission in the area. The data generated by this
study will be useful to public health officials in determining the disease risk levels of individuals
living along the animal movement routes and in designing appropriate targeted infection con-
trol measures to prevent epidemics.

Other information

We thank the staff of ICIPE, MLEID laboratory for hosting the laboratory work. We would
like to thank all the study participants for donating samples, the Ministry of Public Health and
Sanitation staff, and the community leaders in the three project sites for the support they
offered in sample collection.

Supporting information

S1 Checklist.
(DOC)

Author Contributions

Conceptualization: Rosemary Sang, Osama A. Hassan, Zephania Irura, Clas Ahlm, Magnus
Evander.

Data curation: Caroline Tigoi, Benedict Orindi, Magnus Evander.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007979  February 21, 2020 12/15


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007979.s001
https://doi.org/10.1371/journal.pntd.0007979

@' PLOS NEGLECTED
2 ’ TROPICAL DISEASES Risk factors for Rift Valley fever virus exposure along nomadic animal movement routes

Formal analysis: Caroline Tigoi, Rosemary Sang, Edith Chepkorir, Benedict Orindi.
Funding acquisition: Rosemary Sang, Clas Ahlm, Magnus Evander.

Investigation: Caroline Tigoi, Rosemary Sang, Samuel Okello Arum, Francis Mulwa, Samson
Limbaso, Osama A. Hassan, Zephania Irura, Clas Ahlm, Magnus Evander.

Methodology: Caroline Tigoi, Rosemary Sang, Edith Chepkorir, Benedict Orindi, Samuel
Okello Arum, Francis Mulwa, Gladys Mosomtai, Samson Limbaso, Osama A. Hassan,
Zephania Irura, Clas Ahlm, Magnus Evander.

Project administration: Caroline Tigoi, Rosemary Sang, Edith Chepkorir, Samuel Okello
Arum, Clas Ahlm, Magnus Evander.

Software: Gladys Mosomtai.

Supervision: Caroline Tigoi, Rosemary Sang, Zephania Irura, Clas Ahlm, Magnus Evander.
Validation: Rosemary Sang, Benedict Orindi, Gladys Mosomtai.

Writing - original draft: Caroline Tigoi, Rosemary Sang.

Writing - review & editing: Caroline Tigoi, Rosemary Sang, Edith Chepkorir, Benedict
Orindi, Samuel Okello Arum, Francis Mulwa, Gladys Mosomtai, Samson Limbaso, Osama
A. Hassan, Zephania Irura, Clas Ahlm, Magnus Evander.

References

1. LaBeaud AD, Sutherland LJ, Muiruri S, Muchiri EM, Gray LR, Zimmerman PA, et al. Arbovirus preva-
lence in mosquitoes, Kenya. Emerging infectious diseases. 2011; 17(2):233. https://doi.org/10.3201/
eid1702.091666 PMID: 21291594

2. Pepin M, Bouloy M, Bird BH, Kemp A, Paweska J. Rift Valley fever virus (Bunyaviridae: Phlebovirus):
an update on pathogenesis, molecular epidemiology, vectors, diagnostics and prevention. Veterinary
research. 2010; 41(6):61. https://doi.org/10.1051/vetres/2010033 PMID: 21188836

3. Daubney R, Hudson J, Garnham P. Enzootic hepatitis or Rift Valley fever. An undescribed virus disease
of sheep cattle and man from East Africa. The Journal of pathology and bacteriology. 1931; 34(4):545—
79.

4. Nguku PM, Sharif S, Mutonga D, Amwayi S, Omolo J, Mohammed O, et al. An investigation of a major
outbreak of Rift Valley fever in Kenya: 2006—-2007. The American journal of tropical medicine and
hygiene. 2010; 83(2_Suppl):05-13.

5. Rich KM, Wanyoike F. An assessment of the regional and national socio-economic impacts of the 2007
Rift Valley fever outbreak in Kenya. The American journal of tropical medicine and hygiene. 2010; 83
(2_Suppl):52—7.

6. McMillen CM, Hartman AL. Rift Valley fever in animals and humans: Current perspectives. Antiviral
research. 2018; 156:29-37. https://doi.org/10.1016/j.antiviral.2018.05.009 PMID: 29857007

7. ElIMamy ABO, Baba MO, Barry Y, Isselmou K, Dia ML, Hampate B, et al. Unexpected rift valley fever

outbreak, Northern Mauritania. Emerging Infectious Diseases. 2011; 17(10):1894. https://doi.org/10.
3201/eid1710.110397 PMID: 22000364
8. JouanA, Le BG, Digoutte J, Philippe B, Riou O, Adam F, editors. An RVF epidemic in southern Maurita-
nia. Annales de I'Institut Pasteur Virology; 1988.
9. Madani TA, Al-Mazrou YY, Al-Jeffri MH, Mishkhas AA, Al-Rabeah AM, Turkistani AM, et al. Rift Valley
fever epidemic in Saudi Arabia: epidemiological, clinical, and laboratory characteristics. Clinical Infec-
tious Diseases. 2003; 37(8):1084—92. https://doi.org/10.1086/378747 PMID: 14523773
10. Woods CW, Karpati AM, Grein T, McCarthy N, Gaturuku P, Muchiri E, et al. An outbreak of Rift Valley
fever in northeastern Kenya, 1997-98. Emerging infectious diseases. 2002; 8(2):138. https://doi.org/
10.3201/eid0802.010023 PMID: 11897064
11.  Arum SO, Weldon CW, Orindi B, Landmann T, Tchouassi DP, Affognon HD, et al. Distribution and
diversity of the vectors of Rift Valley fever along the livestock movement routes in the northeastern and
coastal regions of Kenya. Parasites & vectors. 2015; 8(1):294.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007979  February 21, 2020 13/15


https://doi.org/10.3201/eid1702.091666
https://doi.org/10.3201/eid1702.091666
http://www.ncbi.nlm.nih.gov/pubmed/21291594
https://doi.org/10.1051/vetres/2010033
http://www.ncbi.nlm.nih.gov/pubmed/21188836
https://doi.org/10.1016/j.antiviral.2018.05.009
http://www.ncbi.nlm.nih.gov/pubmed/29857007
https://doi.org/10.3201/eid1710.110397
https://doi.org/10.3201/eid1710.110397
http://www.ncbi.nlm.nih.gov/pubmed/22000364
https://doi.org/10.1086/378747
http://www.ncbi.nlm.nih.gov/pubmed/14523773
https://doi.org/10.3201/eid0802.010023
https://doi.org/10.3201/eid0802.010023
http://www.ncbi.nlm.nih.gov/pubmed/11897064
https://doi.org/10.1371/journal.pntd.0007979

@ PLOS | RSHCAE Biseases

Risk factors for Rift Valley fever virus exposure along nomadic animal movement routes

12

13.

14.

15.

16.

17.

18.

19.

20.
21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Sang R, Arum S, Chepkorir E, Mosomtai G, Tigoi C, Sigei F, et al. Distribution and abundance of key
vectors of Rift Valley fever and other arboviruses in two ecologically distinct counties in Kenya. PLoS
neglected tropical diseases. 2017; 11(2):e0005341. https://doi.org/10.1371/journal.pntd.0005341
PMID: 28212379

Chevalier V, Rocque Sdl, Baldet T, Vial L, Roger F. Epidemiological processes involved in the emer-
gence of vector-borne diseases: West Nile fever, Rift Valley fever, Japanese encephalitis and Crimean-
Congo haemorrhagic fever. Revue Scientifique et Technique-Office International des Epizooties. 2004;
23(2):535-56.

Davies F, Linthicum K, James A. Rainfall and epizootic Rift Valley fever. Bulletin of the World Health
Organization. 1985; 63(5):941. PMID: 3879206

Linthicum K, Davies F, Kairo A, Bailey C. Rift Valley fever virus (family Bunyaviridae, genus Phlebo-
virus). Isolations from Diptera collected during an inter-epizootic period in Kenya. Epidemiology & Infec-
tion. 1985; 95(1):197-209.

Anyangu AS, Gould LH, Sharif SK, Nguku PM, Omolo JO, Mutonga D, et al. Risk factors for severe Rift
Valley fever infection in Kenya, 2007. The American journal of tropical medicine and hygiene. 2010; 83
(2_Suppl):14-21.

Ikegami T, Makino S. The pathogenesis of Rift Valley fever. Viruses. 2011; 3(5):493-519. https:/doi.
org/10.3390/v3050493 PMID: 21666766

Al-Hazmi A, Al-Rajhi AA, Abboud EB, Ayoola EA, Al-Hazmi M, Saadi R, et al. Ocular complications of
Rift Valley fever outbreak in Saudi Arabia. Ophthalmology. 2005; 112(2):313-8. https://doi.org/10.1016/
j.ophtha.2004.09.018 PMID: 15691569

El Imam M, El Sabiqg M, Omran M, Abdalkareem A, Mohamed MAEG, Elbashir A, et al. Acute renal fail-
ure associated with the Rift Valley fever: a single center study. Saudi Journal of Kidney Diseases and
Transplantation. 2009; 20(6):1047. PMID: 19861868

Baudin M. Rift Valley fever: consequences of virus-host interactions: Umea universitet; 2016.

Peyre M, Chevalier V, Abdo-Salem S, Velthuis A, Antoine-Moussiaux N, Thiry E, et al. A Systematic
Scoping Study of the Socio-Economic Impact of Rift Valley Fever: Research Gaps and Needs. Zoono-
ses and public health. 2015; 62(5):309-25. https://doi.org/10.1111/zph.12153 PMID: 25256804

Linthicum KJ, Britch SC, Anyamba A. Rift Valley fever: an emerging mosquito-borne disease. Annual
review of entomology. 2016; 61:395-415. https://doi.org/10.1146/annurev-ento-010715-023819 PMID:
26982443

LaBeaud AD, Pfeil S, Muiruri S, Dahir S, Sutherland LJ, Traylor Z, et al. Factors associated with severe
human rift valley fever in sangailu, garissa county, kenya. PLoS neglected tropical diseases. 2015; 9(3):
e€0003548. https://doi.org/10.1371/journal.pntd.0003548 PMID: 25764399

Martin V, Chevalier V, Ceccato P, Anyamba A, De Simone L, Lubroth J, et al. The impact of climate
change on the epidemiology and control of Rift Valley fever. Revue Scientifique et Technique-Office
international des épizooties. 2008; 27(2):413-26.

Mosomtai G, Evander M, Sandstrém P, Ahim C, Sang R, Hassan O, et al. Association of ecological fac-
tors with Rift Valley fever occurrence and mapping of risk zones in Kenya. International Journal of Infec-
tious Diseases. 2016;46. https://doi.org/10.1016/j.ijid.2016.03.013 PMID: 26996461

Anyamba A, Chretien J-P, Britch SC, Soebiyanto RP, Small JL, Jepsen R, et al. Global Disease out-
breaks Associated with the 2015-2016 EI Nifio event. Scientific reports. 2019; 9(1):1930. https://doi.
org/10.1038/s41598-018-38034-z PMID: 30760757

Murithi R, Munyua P, Ilthondeka P, Macharia J, Hightower A, Luman E, et al. Rift Valley fever in Kenya:
history of epizootics and identification of vulnerable districts. Epidemiology & Infection. 2011; 139
(3):372-80.

Clark MH, Warimwe GM, Di Nardo A, Lyons NA, Gubbins S. Systematic literature review of Rift Valley
fever virus seroprevalence in livestock, wildlife and humans in Africa from 1968 to 2016. PLoS
neglected tropical diseases. 2018; 12(7):e0006627. https://doi.org/10.1371/journal.pntd.0006627
PMID: 30036382

LaBeaud AD, Ochiai Y, Peters C, Muchiri EM, King CH. Spectrum of Rift Valley fever virus transmission
in Kenya: insights from three distinct regions. The American journal of tropical medicine and hygiene.
2007; 76(5):795-800. PMID: 17488893

Mosomtai G, Evander M, Sandstrém P, Ahim C, Sang R, Hassan OA, et al. Association of ecological
factors with Rift Valley fever occurrence and mapping of risk zones in Kenya. International Journal of
Infectious Diseases. 2016; 46:49-55. https://doi.org/10.1016/}.ijid.2016.03.013 PMID: 26996461

Munyua PM, Murithi RM, lthondeka P, Hightower A, Thumbi SM, Anyangu SA, et al. Predictive factors
and risk mapping for Rift Valley fever epidemics in Kenya. PLoS One. 2016; 11(1):e0144570. https:/
doi.org/10.1371/journal.pone.0144570 PMID: 26808021

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007979  February 21, 2020 14/15


https://doi.org/10.1371/journal.pntd.0005341
http://www.ncbi.nlm.nih.gov/pubmed/28212379
http://www.ncbi.nlm.nih.gov/pubmed/3879206
https://doi.org/10.3390/v3050493
https://doi.org/10.3390/v3050493
http://www.ncbi.nlm.nih.gov/pubmed/21666766
https://doi.org/10.1016/j.ophtha.2004.09.018
https://doi.org/10.1016/j.ophtha.2004.09.018
http://www.ncbi.nlm.nih.gov/pubmed/15691569
http://www.ncbi.nlm.nih.gov/pubmed/19861868
https://doi.org/10.1111/zph.12153
http://www.ncbi.nlm.nih.gov/pubmed/25256804
https://doi.org/10.1146/annurev-ento-010715-023819
http://www.ncbi.nlm.nih.gov/pubmed/26982443
https://doi.org/10.1371/journal.pntd.0003548
http://www.ncbi.nlm.nih.gov/pubmed/25764399
https://doi.org/10.1016/j.ijid.2016.03.013
http://www.ncbi.nlm.nih.gov/pubmed/26996461
https://doi.org/10.1038/s41598-018-38034-z
https://doi.org/10.1038/s41598-018-38034-z
http://www.ncbi.nlm.nih.gov/pubmed/30760757
https://doi.org/10.1371/journal.pntd.0006627
http://www.ncbi.nlm.nih.gov/pubmed/30036382
http://www.ncbi.nlm.nih.gov/pubmed/17488893
https://doi.org/10.1016/j.ijid.2016.03.013
http://www.ncbi.nlm.nih.gov/pubmed/26996461
https://doi.org/10.1371/journal.pone.0144570
https://doi.org/10.1371/journal.pone.0144570
http://www.ncbi.nlm.nih.gov/pubmed/26808021
https://doi.org/10.1371/journal.pntd.0007979

@ PLOS | RSHCAE Biseases

Risk factors for Rift Valley fever virus exposure along nomadic animal movement routes

32.
33.

34.
35.

36.
37.

38.

39.

40.
41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Control CfD, Prevention. Rift Valley fever outbreak—Kenya, November 2006-January 2007. 2007.

Lichoti JK, Kihara A, Oriko AA, Okutoyi LA, Wauna JO, Tchouassi DP, et al. Detection of Rift Valley
fever virus interepidemic activity in some hotspot areas of Kenya by sentinel animal surveillance, 2009—
2012. Veterinary medicine international. 2014;2014.

KKNB S. Kenya 2009 population and housing census highlights. 2010.

Mosomtai G, Evander M, Mundia C, Sandstrom P, Ahlm C, Hassan OA, et al. Datasets for mapping
pastoralist movement patterns and risk zones of Rift Valley fever occurrence. Data in brief. 2018;
16:762-70. https://doi.org/10.1016/j.dib.2017.11.097 PMID: 29276743

Cochran WG. Sampling Techniques. 2nd Edition ed. New York: John Wiley and Sons, Inc.; 1963.

Paweska JT, Mortimer E, Leman PA, Swanepoel R. An inhibition enzyme-linked immunosorbent assay
for the detection of antibody to Rift Valley fever virus in humans, domestic and wild ruminants. Journal
of virological methods. 2005; 127(1):10-8. https://doi.org/10.1016/j.jviromet.2005.02.008 PMID:
15893560

Brown LD, Cai TT, DasGupta A. Interval estimation for a binomial proportion. Statistical science.
2001:101-17.

Siddiqui O, Hedeker D, Flay BR, Hu FB. Intraclass correlation estimates in a school-based smoking pre-
vention study: outcome and mediating variables, by sex and ethnicity. American Journal of Epidemiol-
ogy. 1996; 144(4):425-33. https://doi.org/10.1093/oxfordjournals.aje.a008945 PMID: 8712201

Molenberghs G, Verbeke, Geert Models for Discrete Longitudinal Data. New York: Springer; 2005.

May L, Chretien J-P, Pavlin JA. Beyond traditional surveillance: applying syndromic surveillance to
developing settings—opportunities and challenges. BMC Public Health. 2009; 9(1):242.

Oyas H, Holmstrom L, Kemunto NP, Muturi M, Mwatondo A, Osoro E, et al. Enhanced surveillance for
Rift Valley Fever in livestock during El Nifio rains and threat of RVF outbreak, Kenya, 2015-2016. PLoS
neglected tropical diseases. 2018; 12(4):e0006353. https://doi.org/10.1371/journal.pntd.0006353
PMID: 29698487

LaBeaud AD, Muchiri EM, Ndzovu M, Mwanje MT, Muiruri S, Peters CJ, et al. Interepidemic Rift Valley
fever virus seropositivity, northeastern Kenya. Emerging infectious diseases. 2008; 14(8):1240. https:/
doi.org/10.3201/eid1408.080082 PMID: 18680647

Muiruri S, Kabiru EW, Muchiri EM, Hussein H, Kagondu F, LaBeaud AD, et al. Cross-sectional survey
of Rift Valley fever virus exposure in Bodhei Village located in a transitional coastal forest habitat in
Lamu County, Kenya. The American Journal of Tropical Medicine and Hygiene. 2015; 92(2):394—400.
https://doi.org/10.4269/ajtmh.14-0440 PMID: 25535309

Ochieng C, Ahenda P, Vittor AY, Nyoka R, Gikunju S, Wachira C, et al. Seroprevalence of infections
with dengue, Rift Valley fever and chikungunya viruses in Kenya, 2007. PloS one. 2015; 10(7):
e€0132645. https://doi.org/10.1371/journal.pone.0132645 PMID: 26177451

Gray GC, Anderson BD, LaBeaud AD, Heraud J-M, Févre EM, Andriamandimby SF, et al. Seroepide-
miological study of interepidemic Rift Valley fever virus infection among persons with intense ruminant
exposure in Madagascar and Kenya. The American journal of tropical medicine and hygiene. 2015; 93
(6):1364-70. https://doi.org/10.4269/ajtmh.15-0383 PMID: 26458775

Tigoi C, Lwande O, Orindi B, Irura Z, Ongus J, Sang R. Seroepidemiology of selected arboviruses in
febrile patients visiting selected health facilities in the lake/river basin areas of Lake Baringo, Lake Nai-
vasha, and Tana River, Kenya. Vector-Borne and Zoonotic Diseases. 2015; 15(2):124-32. https://doi.
org/10.1089/vbz.2014.1686 PMID: 25700043

Sang R, Kioko E, Lutomiah J, Warigia M, Ochieng C, O’Guinn M, et al. Rift Valley fever virus epidemic
in Kenya, 2006/2007: the entomologic investigations. The American journal of tropical medicine and
hygiene. 2010; 83(2_Suppl):28-37. https://doi.org/10.4269/ajtmh.2010.09-0558

Affognon H, Mburu P, Hassan OA, Kingori S, Ahlm C, Sang R, et al. Ethnic groups’ knowledge, attitude
and practices and Rift Valley fever exposure in Isiolo County of Kenya. PLoS neglected tropical dis-
eases. 2017; 11(3):e0005405. https://doi.org/10.1371/journal.pntd.0005405 PMID: 28273071

Hassan OA, Affognon H, Rocklév J, Mburu P, Sang R, Ahim C, et al. The One Health approach to iden-
tify knowledge, attitudes and practices that affect community involvement in the control of Rift Valley
fever outbreaks. PLoS neglected tropical diseases. 2017; 11(2):e0005383. https://doi.org/10.1371/
journal.pntd.0005383 PMID: 28207905

Chambers P, Swanepoel R. Rift Valley fever in abattoir workers. Cent Afr J Med. 1980; 26(6):122—6.
PMID: 7190877

Munyua P, Murithi RM, Wainwright S, Githinji J, Hightower A, Mutonga D, et al. Rift Valley fever out-
break in livestock in Kenya, 2006—2007. The American journal of tropical medicine and hygiene. 2010;
83(2_Suppl):58-64.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007979  February 21, 2020 15/15


https://doi.org/10.1016/j.dib.2017.11.097
http://www.ncbi.nlm.nih.gov/pubmed/29276743
https://doi.org/10.1016/j.jviromet.2005.02.008
http://www.ncbi.nlm.nih.gov/pubmed/15893560
https://doi.org/10.1093/oxfordjournals.aje.a008945
http://www.ncbi.nlm.nih.gov/pubmed/8712201
https://doi.org/10.1371/journal.pntd.0006353
http://www.ncbi.nlm.nih.gov/pubmed/29698487
https://doi.org/10.3201/eid1408.080082
https://doi.org/10.3201/eid1408.080082
http://www.ncbi.nlm.nih.gov/pubmed/18680647
https://doi.org/10.4269/ajtmh.14-0440
http://www.ncbi.nlm.nih.gov/pubmed/25535309
https://doi.org/10.1371/journal.pone.0132645
http://www.ncbi.nlm.nih.gov/pubmed/26177451
https://doi.org/10.4269/ajtmh.15-0383
http://www.ncbi.nlm.nih.gov/pubmed/26458775
https://doi.org/10.1089/vbz.2014.1686
https://doi.org/10.1089/vbz.2014.1686
http://www.ncbi.nlm.nih.gov/pubmed/25700043
https://doi.org/10.4269/ajtmh.2010.09-0558
https://doi.org/10.1371/journal.pntd.0005405
http://www.ncbi.nlm.nih.gov/pubmed/28273071
https://doi.org/10.1371/journal.pntd.0005383
https://doi.org/10.1371/journal.pntd.0005383
http://www.ncbi.nlm.nih.gov/pubmed/28207905
http://www.ncbi.nlm.nih.gov/pubmed/7190877
https://doi.org/10.1371/journal.pntd.0007979

