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Abstract: Crimean-Congo hemorrhagic fever (CCHF) is a tick-borne zoonotic disease, endemic in
Africa, with a high case fatality rate. There is no efficient treatment or licensed vaccine. This study
aimed to determine the prevalence of CCHFV in cattle in extensive grazing systems (both pastoralism
and ranching) within the Maasai Mara ecosystem, Nanyuki, and the Ol Pejeta Conservancy in Kenya.
We conducted a seroepidemiological study of the sera of 148 cattle from 18 households from the three
ecosystems in 2014, 2016, and 2019. Sera from 23 sheep and 17 goats were also obtained from the same
households during the same period. Sera were analyzed for the presence of antibodies to CCHFV
using the commercially available double-antigen ELISA kit. Overall, 31.5% CCHFV seropositivity
was observed. The prevalence of CCHF was analyzed using a multiple logistic mixed model with
main predictors. Risk factors associated with exposure to CCHFV were age (p = 0.000) and season
(p = 0.007). Our findings suggest exposure to CCHFV and point to cattle as likely reservoirs of
CCHFV in Kenya. The findings might play a role in providing better insights into disease risk and
dynamics where analysis of tick populations in these regions should be further investigated.

Keywords: seroprevalence; vector-borne infections; Crimean-Congo hemorrhagic fever; ruminants;
ecosystem; pastoralism; ranching

1. Introduction

Crimean-Congo hemorrhagic fever virus (CCHFV) belongs to the order Bunyavirales,
family Nairoviridae, genus Orthonairovirus [1]. CCHFV has a wide distribution, occurring
in western China, across southern Asia to the Middle East, and in Spain, the Balkans, and
Sub-Saharan Africa [2]. CCHFV is the causative agent of Crimean-Congo hemorrhagic
fever (CCHF) that has a case fatality ranging from 5 to 80% [3]. CCHF is classified as
a priority disease requiring urgent research and development attention due to its high
risk to public health and national security [4]. Humans are susceptible to the virus, with
symptoms spanning from nonspecific febrile illness to severe hemorrhagic disease [5].
CCHFV is known to circulate in nature through an enzootic tick–vertebrate–tick cycle [6],
with the natural vector being the tick Hyalomma spp [7] although other tick genera have
also been shown to transmit CCHFV [6,8]. However, information on the distribution and
genetic diversity of CCHFV is quite limited [9].
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Seroepidemiological studies have implicated animal species, including domestic and
wild animals, as natural reservoirs of CCHFV, suggesting their role in the maintenance
of the virus. The detection of CCHFV antibodies, especially in domestic animals, may
provide evidence of the endemic presence of the virus in certain regions, hence the risk of
spillover transmission to humans through contact with infected animal products or bites
from infected ticks [10–12]. Surveillance studies have detected CCHFV antibodies in cattle,
sheep, goats, horses, donkeys, and camels [13–15]. Domestic animals, especially sheep,
are asymptomatic carriers of the virus [16], acting as reservoirs of infection (via ticks) to
humans, who suffer significant morbidity [17]. Although domestic equines, sheep, and
goats have higher seroprevalence compared to cattle and camels [16], cattle are considered
a major reservoir of CCHFV across the world with a significant average seroprevalence of
19% across 34 countries [16].

In Kenya, CCHFV was first isolated from a farmer in western Kenya in 2000 [18] and,
since then, subsequent isolations have been made in diverse tick species sampled from
livestock including sheep, cattle, and camels [19,20]. In addition, CCHFV antibodies have
been detected in humans in districts close to western Kenya between 2009 and 2012 [21,22].

The role of transhumance in CCHFV transmission, especially in pastoral communities
in Kenya, has not been explored. Moreover, there is a lack of data on the extent of livestock
exposure, especially cattle, sheep, and goats, to CCHFV. Whether these animals serve as
reservoirs of the virus has not been proven despite their close association with humans in
whom the virus and the antibodies have been found.

Knowledge of the critical role of livestock in sustaining CCHFV transmission is
important in preventing and controlling the virus [23]. Moreover, the determination of
whether predisposing factors such as habitat, age, sex, seasonality, husbandry, breed, and
socio-demographic factors influence CCHFV transmission is vital for understanding the
dynamics of CCHFV transmission. To date, the seroprevalence of CCHFV in livestock in
Kenya is still unknown.

Sustainable pastoral development is of great importance for both poverty reduction
and environmental management [24], attracting new attention vis à vis emerging interests
in resilience and adaptability (e.g., the African Union, 2010) [25,26]. The relationship of
pastoralists with their animals is close, which can create a nexus for cross-transmission and
cause a public health risk to CCHFV.

The beef and dairy sector are the largest contributors to the agricultural gross domestic
product in Kenya [27]. They are also an important source of income, especially in terms of
value in the market chain and employment [28] and the main economic activities for rural
communities that practice ranching and pastoralism [29–31]. Therefore, CCHFV poses
a significant threat to animal trade, considering infected animals may result in livestock
embargos which will affect the economy. It also renders farmers at risk of becoming infected
due to handling infected animal products or being bitten by infected ticks that had bitten
infected animals. We sought to investigate the level of exposure to CCHFV among cattle
across three livestock pastoral regions in Kenya and determine associations between risk
factors and animal-level seroprevalence.

2. Materials and Methods
2.1. Study Area

The study area comprised three Kenyan ecosystems: the Maasai Mara ecosystem,
Nanyuki, and the Ol Pejeta Conservancy (Figure 1). The Maasai Mara ecosystem is an
arid/semi-arid and an important wildlife area in Kenya occupied by Maasai pastoral
communities [32]. Nanyuki consists mainly of a rangeland plateau with a varying altitude
of 1500 to 2600m above sea level. The Ol Pejeta Conservancy is a ranch employing mixed-
grazing and close interaction between livestock and human communities. Prolonged dry
seasons trigger the movement of people and livestock to river areas where water and
pasture are abundant long after the rains have gone. This movement pattern presents an
opportunity for the exchange of diverse tick species which may be infected by CCHFV.
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Figure 1. Map of Kenya showing the location of study area and Crimean-Congo hemorrhagic
fever (CCHF).

Animal characteristics (age, sex, etc.) and management routines were recorded
through a questionnaire at sampling including questions on the type of diseases affecting
the animals, whether they have been vaccinated, the type of medicine they give their
animals, the reproductive status, and whether they have they given birth or are lactating.
Pertaining the animal management practices are pastoralists who practice transhumance-
nomadism. Farmers self-medicate their animals, do not employ biosecurity measures, and
walk for long distances together with their animals in search of water and pasture.

2.2. Sample Collection

Samples were collected from animals with no apparent clinical symptoms during the
low rain (2014 and 2019) and drought season (2016). In total, 148 serum samples were
collected from cattle in households in Maasai Mara (n = 61), Nanyuki (n = 9), and from
herds from the Ol Pejeta Conservancy (n = 78). On each household visit, blood samples
were taken from three randomly chosen animals. Cattle were randomly sampled from
herds from different villages representing the three ecosystems weighted by herd size to
assure an even dispersion of the samples in the selected area. A confidence interval of 95%,
a margin of error of 5%, an infinite population, an assumed true overall prevalence of 50%
to obtain a maximum sample size, and the sensitivity and specificity of the analytical test
were used in the calculations of the sample size.

Vacuitainer® (Beckton, Dickinson and Company, Franklin Lakes, NJ, USA) containers
were used to collect 10 mL of blood from the jugular vein of every individual animal. The
collection of blood was carried out in accordance with aseptic procedures. The collected
sera were centrifuged at 350 rpm for 15 min to sediment the erythrocytes. The sera were
stored frozen at −80 ◦C at the Veterinary Laboratory in Nairobi pending analysis.

2.3. Laboratory Testing Procedures

Serological ID Screen CCHF Double Antigen Multi-Species ELISA (ID.; Vet, Grabels,
France) was used according to the manufacturer’s instructions. For this kit, the 95% CI for
sensitivity was 96.8–99.8%, and specificity was 99.8–100% [28].

ELISA results for the sera of 148 cattle tested were presented in percent probability
(PP), which signified that the optical density (OD) obtained for the tested sample was
divided by the OD of the positive control of the test and multiplied by 100. As per the
manufacturer’s instructions, samples presenting a PP less than or equal to 30% were
considered negative, and those greater than 30% were considered positive [29].
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2.4. Data Analysis

The IgG status was binarized as either positive or negative based on the OD values.
This new variable was compared using the Chi-square or Fisher exact test. The 95%
confidence intervals (CIs) for the proportions positive for the virus were estimated.

Logistic regression was performed to understand the predictive factors of CCHFV
infection among cattle herds in the study areas. Season and year of sampling were merged
in a new variable (seasonality on sampling year) to avoid the lack of fulfillment of categories
on the single variables. Geographical location, season at the time of sampling, as well
as animal variables, were used as explanatory variables. The household was accounted
as a random effect for clustering of observations. Odds ratios, including 95% confidence
intervals, were computed.

The OD distribution was non-normal. It was log-transformed for statistical analysis.
Variations in OD levels were examined by the coefficient of variation (CoV) with mean
and standard deviation from individuals in the household/site (intra-variation) or among
household/site (inter-variation).

All two-way interactions were evaluated one by one for subsequent addition to the
model if significant (p < 0.05). Model validation was carried out by examining residuals
with respect to equal variance and a normal distribution and was found to be valid. Model
reduction was based on likelihood ratio (LR) testing at a 5% level.

Significant differences were determined by p ≤ 0.05. All statistical analyses were
performed using the program STATA Software v. 13 (Stata Corporation, College Station,
TX, USA).

3. Results

From the total of cattle sampled (148), different indigenous breeds of Kenya were
present, namely Improved Boran (50.7%), Zebu (45.9%), Ankole (2.03%), and a residual
percentage of Sahiwal (1.35%). The average household size in Narok County was 5.03 (this
concept is only applicable to the Maasai Mara) with varying animal management practices
including free-range or communal (47.3%) and paddocking (52.7%). The animals’ median
age was 3 years (range 1–15 years), where females were generally older than males (but
with the same median age of 3 years).

From 148 samples analyzed in this study, CCHFV seropositivity was 31.08%. Preva-
lence varied significantly with geographical sites, with Maasai Mara recording the highest
seropositivity (Table 1, Figure 2). Intra-herd variation in CCHF exposure was higher than
inter-herd variation (see Table 2), with Maasai Mara having higher intra-household varia-
tion. In this specific area, seroprevalence data for each serovar in cattle from mixed pastoral
herds are presented in Table 3. For the whole sample, the antibody titers in the serum
appeared to have increased over time (see Figure 3).
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Figure 2. CCHF IgG-positive cases among the sampled cattle by different ecosystems in Kenya.
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Table 1. Animal and other categorical variables of descriptive CCHF serological outcomes, Kenya.

Variables Anti-CCHF IgG Prevalence %

Sex
Female (n = 97) 32.9
Male (n = 51) 27.4

Breed
Zebu (n = 68) 38.2

Sahiwal (n = 2) 22.6
Ankole (n = 3) 100

Improved Boran (n = 75) 0
Sampling year

2014 (n = 59) 22.0
2016 (n = 28) 100
2019 (n = 61) 31.1

Sampling month/season
Low rain (n = 120) 26.6

Dry (n = 28) 100
Sites

Emarti (n = 7) 57.14
Emboseli (n = 4) 50
Il Poori (n = 4) 0
Irbaan (n = 8) 50

Kamok (n = 23) 47.82
Loigururu (n = 47) 4.2

Mt. Kenya slopes (n = 9) 77.7
Olaimutiak (n = 3) 33.3
Ole Keene (n = 14) 1.53
Ole Seken (n = 7) 33.3
Olekusero (n = 1) 0
Oletontol (n= 2) 0
Orindo (n = 1) 0
Orkiu (n = 5) 0.08
Oseki (n = 2) 0
Scotts (n = 2) 50

Sekenani (n = 3) 33.3
Sirima (n = 6) 100

Ecosystem
Maasai Mara (n = 101) 24.75

Nanyuki (n = 9) 77.7
Ol Pejeta (n = 78) 25.6

Table 2. Antibodies to CCHFV in serum in cattle in Kenya. Median and interquartile range (IQR) of
optical density ratio (ODR) are presented. Variations were examined with coefficient of variation
from individuals of the same herd (intra-herd variation; minimum and maximum are presented) or
among herds (inter-herd variation).

ODR
Statistical Variables

n Median IQR Inter-Herd Variation Intra-Herd Variation

Ecosystem
Maasai Mara 101 0.073 0.06; 1.09 50.1% 12.9–172.8%

Nanyuki 9 2.668 2.509; 2.729 - 172%
Ol Pejeta 78 0.06 0.053; 0.301 13.2% 102.9–133.6%
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Table 3. Number of seropositive and percentage (95% CI) of animals from 18 single or 13 mixed
households sampled in Maasai Mara farms between 2014 and 2019 that were seropositive for CCHF.

n Cattle (n = 61) Sheep (n = 23) Goat (n = 17)

Seropositive 19 1 5
% (95% CI) 31.0 (0.235–0.386) 4.34 (−0.046–0.133) 29.4 (0.052–0.535)
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Figure 3. Individual optical density (OD) value by ELISA in different seasons during the sampling
years of the surveyed cattle relative to manufacturer’s instructions [29]. Bars represent the 95%
confidence interval of the measure.

From the logistic regression analysis (see Table 4), the prevalence of CCHF was
associated with increasing age, dry season, and being female. Age differences suggest that
the seroprevalence of CCHF is mainly dependent on life exposure. In contrast, low rain was
associated with lower odds (see also Figure 3). A tendency for lower odds for males and
higher odds in Nanyuki was also observed (Table 4). No interaction terms were significant.

Table 4. Multiple logistic regression analysis for association between studied variables and CCHF
serological outcomes in Kenya.

Variable Estimates OR (95% CI) p-Value

Age 1 0.552 1.737 (1.405–2.148) 0.000
Sex

Female Baseline
Male −1.028 0.357 (0.123–1.038) 0.058

Season during sampling year
Dry Baseline

Low rain −1.912 0.147 (0.0365–0.596) 0.007
Ecosystem

Maasai Mara Baseline
Nanyuki 1.973 7.197 (0.813–63.65) 0.076
Ol Pejeta 0.525 1.690 (0.560–5.102) 0.351

1 Treated as a continuous variable.

4. Discussion

Cattle and other domestic animals may serve as reservoirs for CCHFV, which pose a
threat to humans [23,33]. In Kenya, evidence of CCHFV exposure in humans and diverse
tick species has been documented [19–22]. However, the seroprevalence of CCHFV in
animals, especially livestock (and despite previous isolation of the virus from ticks attached
to cattle and camels), has been undescribed up-to-date. This work is novel since it addresses
for the first time the presence of CCHFV antibodies in cattle in Kenya.

The study findings reveal CCHFV exposure in cattle residing in the two major ecosys-
tems including the Ol Pejeta Conservancy and Maasai Mara. The proportion was signifi-
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cantly greater compared to a study conducted in cattle in neighboring Uganda [34] and
Zambia [9]. Interestingly, cattle in the Ol Pejeta Conservancy had a lower seroprevalence
compared to those in Maasai Mara, and this may be attributed to livestock husbandry
practices (see Table 1). For instance, cattle in the Ol Pejeta Conservancy are kept in an
enclosed ecosystem entailing a ranch that practices intense spraying of animals at least
twice a week with acaricides as a mode of tick control [34,35]. The cattle do not interact
with other cattle outside their defined enclosure, hence limiting the chances of acquiring
pathogens from other ecosystems, unlike the free-ranging cattle from the Maasai Mara
ecosystem [32]. The tick-control strategies in Maasai Mara are variable and on a yearly
basis, if they exist [36,37]. The Maasai Mara cattle migrate from one region to another in
search of water and pasture, hence the risk of cross-species transfer of pathogens. Cattle
interact with other animals, including domestic animals such as goats, sheep, and wildlife,
and, in the process, they may acquire or transmit CCHFV to other animal species [36].
Cattle also migrate as far as neighboring Tanzania via the Serengeti National Park where
they mix with other herds [38]. Most of the cattle are heavily infested by diverse tick
species, including the Hyalomma species that are known to be the main vectors of CCHFV.
We believe that the high seroprevalence observed in cattle with the Maasai Mara ecosys-
tem may provide evidence of the endemic presence of the virus and increase the risk to
human health, especially to at-risk groups such as herders who interact closely with the
livestock. Thus, the different strategies for managing tick populations effectively and the
close contact with other livestock species in Maasai Mara might have contributed to the
variability observed in this ecosystem.

CCHFV seroprevalence increased with the age of the cattle. This finding is similar to a
seroprevalence study performed on domesticated animals in northwestern Senegal [39]
and Uganda [40]. While little is known about the association between high CCHFV
seroprevalence and increased age, we believe that the CCHFV IgG antibodies increase in
older cattle compared to younger cattle due to the increased time for possible exposure
of CCHFV. Another possibility may be due to the presence of maternal immunity against
CCHFV, which may have had an effect on the low seroprevalence in young animals. In
addition, the presence of CCHFV IgG antibodies in young animals may imply a recent
infection, which may not have been detected due to lack of awareness and well-established
regular and focused surveillance for animals. The odds of females to males contrasts with
some previous studies but agrees with others [40]. In our study, the proportion of both
sexes was balanced, and females presented the same median, although there were more
older female animals than males.

There is no available report of cattle exhibiting symptoms of CCHFV thereby desig-
nating their role as potential reservoirs of CCHFV. We believe that cattle could be the most
likely source of spillover transmission to humans as they may acquire the virus from tick
vectors, which may also transmit the virus to humans (especially those that are in contact
with livestock through bites or through infected animal products). Therefore, at-risk hu-
man groups, especially those who handle animals and animals’ products such as herders,
veterinarians, abattoir workers, and farmers, should be aware of the risks, and measures
should be put in place to enable them to report, prevent, and control the disease [41–43].
The country depends mostly on the area for beef and dairy products, which requires raising
healthy and disease-free animals [44].

CCHFV seroprevalence varied according to seasonality during the sampling year.
According to this study, the highest seroprevalence occurred during the period of the dry
season. CCHFV outbreaks in other regions in Africa have been associated with weather
changes such variations in rainfall, temperature, and humidity, which may influence tick
abundance and host-behavior patterns [45]. For example, most cattle in Maasai Mara have
to relocate during droughts and hence risk exposure to infected ticks as they search for
pasture and water [36,37].

It should be acknowledged that the size of this study is limited. Larger studies should
be conducted since the sample size of animals in this study was small, and identifying risk
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factors requires research on representative samples. Another shortcoming is related to the
investigation of many putative predictor variables that increase the risk for type II errors
(i.e., identifying associations by chance alone). Some variables were embedded in others
and, although they are biologically reasonable to check (e.g., breed), should be explored
in larger studies. Further studies are needed to include a less biased sample and a higher
number of animals.

5. Conclusions

The detection of high prevalence CCHFV-specific antibodies in discrete cattle popula-
tions points to CCHFV circulation in the region. The role of environmental and manage-
ment factors in the transmission of CCHFV among dairy species requires further studies.
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