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A B S T R A C T   

Middle East Respiratory Syndrome Coronavirus (MERS-CoV) is an emerging viral disease and dromedary camels 
are known to be the source of human spill over events. A cross-sectional epidemiological surveillance study was 
carried out in Kenya in 2017 to, 1) estimate MERS-CoV antibody seropositivity in the camel-dense counties of 
Turkana, Marsabit, Isiolo, Laikipia and Nakuru to identify, and 2) determine the risk factors associated with 
seropositivity in camels. Blood samples were collected from a total of 1421 camels selected using a multi-stage 
sampling method. Data were also collected from camel owners or herders using a pre-tested structured ques
tionnaire. The sera from camel samples were tested for the presence of circulating antibodies to MERS-CoV using 
the anti-MERS-CoV IgG ELISA test. Univariate and multivariable statistical analysis were used to investigate 
factors potentially associated with MERS-CoV seropositivity in camels. The overall seropositivity in camel sera 
was 62.9 %, with the highest seropositivity recorded in Isiolo County (77.7 %), and the lowest seropositivity 
recorded in Nakuru County (14.0 %). When risk factors for seropositivity were assessed, the “Type of camel 
production system” {(aOR = 5.40(95 %CI: 1.67–17.49)}, “Age between 1–2 years, 2–3 years and above 3 years” 
{(aOR = 1.64 (95 %CI: 1.04–2.59}”, {(aOR = 3.27 (95 %CI: 3.66–5.61)}” and {(aOR = 6.12 (95 %CI: 
4.04–9.30)} respectively and “Sex of camels” {(aOR = 1.75 (95 %CI: 1.27–2.41)} were identified as significant 
predictors of MERS-CoV seropositivity. Our studies indicate a high level of seropositivity to MERS-CoV in camels 
in the counties surveyed, and highlights the important risk factors associated with MERS-CoV seropositivity in 
camels. Given that MERS-CoV is a zoonosis, and Kenya possesses the fourth largest camel population in Africa, 
these findings are important to inform the development of efficient and risk-based prevention and mitigation 
strategies against MERS-CoV transmission to humans.   

1. Introduction 

Middle East Respiratory Syndrome Coronavirus (MERS-CoV) was 
first identified in humans in 2012 and the virus was subsequently 
detected in dromedary camel herds in the Arabian Peninsula, the Canary 
Islands, Central Asia and North Africa (World Health Organization, 
2020). Dromedary camels are now known to be the animal reservoir and 
source of human MERS-CoV infection (Zaki et al., 2012)(Mohd et al., 

2016). Human to human transmission have been described in healthcare 
and social settings (Abdullah et al., 2014) (Drosten et al., 2014). As of 
January 2020, there have been 2519 laboratory-confirmed human cases 
and 866 associated human deaths, representing a case fatality rate of 34 
% (World Health Organization, 2020). 

The World Health Organization’s Research and Development Blue
print has identified MERS-CoV as a high priority pathogen because of the 
high fatality rate in humans and the large geographic range of 
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seropositive dromedary camel populations (Kelly-Cirino et al., 2019). 
Confirmation of an epidemiological link between camels and humans 
has been challenging to establish during outbreak investigations (Azhar 
et al., 2014). This can be attributed to the fact that camels show no or 
minor clinical signs if infected with MERS-CoV (Azhar et al., 2014) 
posing a major challenge in linking human cases to active camel infec
tion. As such, detailed evidence is lacking on the disease epidemiology, 
viral prevalence and shedding patterns in dromedary camels. 

Given the zoonotic nature of MERS-CoV, the health and welfare of 
camel-keeping communities in Kenya is endangered. This is attributed to 
the fact that camels show no or minor clinical signs if infected with 
MERS-CoV (Mohd et al., 2016)(Azhar et al., 2014). Studies available in 
Kenya indicate variations in MERS-CoV seroprevalence by production 
system and species surveyed. The seroprevalence of MERS-CoV in 
camels ranges from 12 % in the ranching production systems, to 72 % in 
the pastoral production system (Corman et al., 2014)(Deem et al., 2015) 
while the seroprevalence in high risk slaughter house workers is 10.8 % 
(Kiyong’a et al., 2020). The circulating MERS-CoV strain in Kenya be
longs to clade C, while the full genome sequencing methods in yet 
another study placed circulating MERS-CoV strains in Kenya under 
sub-clade C2, in a cluster together with MERS-CoV isolated from 
Ethiopia and Egypt (Kiambi et al., 2018)(Ommeh et al., 2018). 

In Kenya, risk factors associated with occurrence and distribution of 
MERS-CoV infection in dromedary camels have not yet been adequately 
investigated nor analysed comprehensively. Given that Kenya has the 
fourth largest camel population in Africa (3.1 million), behind Somalia 
(7 million), Chad (6 million) and Sudan (4.7 million), and that all camels 
in Kenya belong to the species, Camelus dromedaries (Food and Agri
culture Organization of the United Nations, 2018), which are the puta
tive reservoir for MERS-CoV transmission to humans, studies are 
warranted to determine the seroprevalence, geographical distribution 
and risk factors for MERS-CoV seropositivity in Kenya. 

The current studies were commissioned by the Directorate of Vet
erinary Services of Kenya to determine the seroprevalence and 
geographic distribution of seropositive camels using ELISA tests and 
quantify the associations between MERS-CoV seropositivity in camels 
and host or environment variables. However it should be noted that the 
serologic evidence of MERS-CoV antibodies is an evidence of exposure 
and does not equate the measure of true prevalence of MERS-CoV 
infection in camels(Müller et al., 2014)(Degnah et al., 2020). Outputs 
of these studies were expected to inform the development of efficient 
and risk-based management strategies against the potential risk of 
MERS-CoV transmission to humans. 

2. Materials and methods 

2.1. Inclusion criteria and study sites 

This cross-sectional study was conducted under the direction of the 
Directorate of Veterinary Services (DVS) in collaboration with the Food 
and Agriculture Organization of the United Nations (FAO) from June 
2016 to July 2017. Five camel dense counties of Isiolo, Marsabit, Tur
kana, Nakuru and Laikipia were selected and sampled (Fig. 1). Criteria 
for inclusion in this study were: counties with high camel densities, 
accessibility, security and interface areas for wildlife-livestock 
interactions. 

Isiolo County is located in the lower eastern region of Kenya (0.3524 
◦N, 38.4850 ◦E)(Isiolo County Government, 2018) while Nakuru County 
is located in the Rift Valley (1.3665 ◦S, 35.3905 ◦E) (Nakuru County 
Government, 2018). Laikipia County is located in the central Rift Valley 
region (0.3606 ◦N, 36.7820 ◦E) (Laikipia County Government, 2018), 
Marsabit County (2.4426 ◦N, 37.9785 ◦E) (Marsabit County Govern
ment, 2018), is located in the extreme end of northern Kenya. Similarly, 
Turkana County (3.3122 ◦N, 35.5658 ◦E) is located in the North Western 
part of the country(Turkana County Government, 2013). 

2.2. Study design and sample collection 

A multi-stage sampling methodology was deployed using a mix of 
purposive, proportionate, random, and convenience sampling. The pri
mary sampling unit for this study were counties in Kenya considered 
high risk for MERS-CoV. High risk counties were purposely selected by 
the Directorate of Veterinary Services based on the camel population 
and livestock movement as characterised by the traditional pastoral and 
semi-sedentary camel management systems. The secondary sampling 
units were sub counties, randomly selected from a list of sub–counties 
within each high risk county selected. Camel herds were selected in two 
ways. The first approach was snow balling where a county veterinarian 
was asked to recommend a camel herd for inclusion to participate in the 
study. In the snowballing approach, the owner of the first camel herd 
identified for MERS-CoV sampling would then recommend the next 
camel herd for sampling. This approach was used because there is no 
available database on camels to develop a sampling frame. The second 
approach was random selection of camel herds at village watering 
points. Communal village watering points, are aggregation points for 
camel herds migrating from various villages in search of pasture and 
water during the dry season. Camels to be sampled were also randomly 
picked from the known village herds at the communal watering points as 

Fig. 1. Sampling design used in the study.  
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depicted in Fig. 1. 
The number of herds selected in each county was proportional to the 

overall number of herds estimated to be in the county. Camels were 
conveniently sampled by stratification to cater for the inclusion of both 
sexes and age categories. Camels were categorized as juvenile (<2 
years), young (2–3 years) and adult (>3 years). The number of camels 
sampled from the respective counties was Turkana (n = 417), Isiolo (n =
403), Marsabit (n = 370), Laikipia (n = 179) and Nakuru (n = 50) 
(Fig. 2). 

Protocol for preparation and preservation of the serum samples was 
done according to FAO guidelines, consistent with international best 
practices. Blood was collected into plain vacutainer tubes that were 
immediately inverted and allowed to settle to activate clotting. The 
tubes were then kept upright or slanted to allow serum to separate. 

Separated serum samples were frozen at -20 ◦C and transported to the 
Central Veterinary Investigation Laboratory after a maximum of 6 days 
of storage. 

2.3. Data collection 

Data were collected through a pretested, structured interviewer- 
administered questionnaire to camel keepers and/or owners on camel 
herd demographics (herd structure, sex, and age) and other variables of 
interest (prevailing production and farming systems, health history, 
wildlife interaction, county of production for camels, whether fencing 
was applied where the animals rest at night, water source for the camels, 
whether the camels were separated from other animals and housing 
status).The risk variables selected for evaluation were included because 

Fig. 2. Map showing sampling sites. 
Source: FAO. 
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they have been evaluated for elsewhere – Age, sex and camel production 
systems (Reusken et al., 2013; Ali et al., 2017) or they constitute a po
tential, plausible and exploratory risk factors for introduction or trans
mission of MERS-CoV based on agro ecological practices (Counties of 
production for camels, fencing for camels, wildlife interactions, water 
source and separation from other livestock species).This is because 
previous study has requested studies to identify risk factors for expo
sures that might explain chains of transmission, zoonotic and environ
mental sources of human and animal infections (Omrani et al., 2015). 
High dromedary density area (a characteristic of the pastoral camel 
production system in Kenya); bringing dromedary camels to communal 
water points (resulting to interaction between camels and wildlife) were 
identified as risk factors for MERS-CoV infection between dromedary 
herds in an experts opinion elicitation exercise to obtain quantitative 
estimates on the transmission risks from dromedaries to humans(Funk 
et al., 2016). 

Detailed bio-data of individual camel was recorded on the sampling 
form at the time of sample collection to capture information on county 
code, sub location name, village name, age and sex of the animal. 

2.4. Sample testing 

Serum samples were tested for the presence of IgG antibodies 
reacting with MERS-CoV using the Anti-MERS-CoV ELISA Camel (IgG) 
protocol (EUROIMMUN, Medizinsche Labordiagnostika AG, 2015) and 
according to the manufacturer’s instructions. Camel serum samples 
were classified based on serostatus as determined by ELISA optical 
density readings. 

2.5. Data management and statistical analysis 

All data were transferred into a Microsoft Excel spread sheet data
base, filtered for error and exported to the Statistical Package for Social 
Sciences (SPSS) for Windows® Version 22.0 (SPSS Inc., Chicago, Illi
nois) for statistical analysis. At univariate analysis, exploratory data 
techniques were performed to explore the distribution of the study 
variables and identify the outliers and descriptive statistics were used to 
describe patterns found within the data. At bivariate analysis, associa
tion between MERS-COV seropositivity and each specific variable at a 
time was assessed using Pearson’s Chi-square test (χ2) for categorical 
variables and logistic regression for continuous variables to identify the 
potential risk factors associated with ELISA seropositivity. With the 
Pearson’s Chi-square test (χ2) Crude Odds ratios (OR) and 95 % confi
dence intervals were used to estimate the strength of association be
tween camel MERS-CoV seropositivity and a range of potential risk 
factors. Further, a multivariable conditional logistic regression model 
was used to assess all significant risk factors subsequent to the Pearson’s 
Chi-square test (χ2) bivariate analysis. The logistic regression procedure 
followed a backward elimination strategy, to determine significant risk 
factors for camel seropositivity (p < 0.05). Adjusted odds ratio (aOR) 
and 95 %CI were recorded for the strength of association resulting. 
Statistical significance was set at P < 0.05 at both bivariate and multi
variable analyses. 

3. Results 

3.1. MERS-CoV seropositivity 

A total of 1421 samples were collected from camels kept in pastoral 
(90.9 %) and ranching camel production systems (9.1 %).The distribu
tion of camel samples assessed was as follows: Isiolo (- 28.4 %), Marsabit 
(26.0 %), Turkana (29.4 %), Laikipia (12.7 %) and Nakuru (3.5 %) 
(Table 1). Of the total samples, the majority were from female camels 
(79.5 %). Adults (> 3 years) represented 62.3 % of the age group 
included in the study. In terms of seropositivity per county, 77.7 % (95 
%CI: 73.3 %–81.6 %), (313/403) of the samples from Isiolo were 

seroreactive while only 14.0 % (95 %CI: 5.8 %–26.7 %), (7/50) of the 
samples from Nakuru were seroreactive. Other counties presented with 
seropositivity ranging from 14.9 %–74.0 % (Table 1). The average 
seropositivity for all counties was 62.9 % (895/1421). Based on the 
production system, 69.0 % (95 %CI: 66.4 %–71.6 %), (892/1292) of the 
camels were reared in pastoral production system compared to those 
raised under ranching production system. For age, 72.6 % (95 %CI: 69.5 
%–75.5 %), (643/885) camels aged above 3 years were seropositive for 
MERS-CoV while those aged below 1 year had a seropositivity of 38.2 % 
(95 %CI: 30.6 %–46.3 %), (60/157). Female camels had a higher sero
positivity 66.6 % (95 %CI: 63.7 %–69.3 %), (752/1129) for MERS-CoV 
compared to the male camels with 52.3 % (95 %CI: 46.5 %–58.2 %), 
(153/292) (Table 2). 

3.2. Factors associated with MERS – CoV seropositivity amongst camels 

Association between MERS-CoV seropositivity and each independent 
risk factors (herd size, production systems, fencing, interaction with 
wildlife, water source, and separation from other species, age and sex of 
the animals) were tested accounting for variation between county, sub- 
county and each individual camel. P-values less than 0.05 (P ≤ 0.05) 
were considered as significant association as shown in Table 2. 

Majority 69.0 %, (95 %CI; 66.5 %–71.6 %) of the camels whose 
production system was pastoralism were seropositive for MERS-CoV 
compared to those in the ranching production system 10.1 %, (95 % 
CI; 5.5 %–16.6 %). Camels whose production system was pastoralism 
were 5.11[95 %CI = 1.62–16.16, P = 0.005] times likely to be sero
positive for MERS-CoV. Higher proportions of seropositive for MERS- 
CoV were observed among camels not confined within a perimeter 
wall 67.8 %, (95 %CI; 65.2 %–70.3 %), that interacted with wild/other 
domestic animals 67.8 %, (95 %CI; 65.2 %–70.3 %) and those whose 
water source was communal 68.4 % (95 %CI; 65.8 %–70.9 %). 

Camels aged 2–3 years 60.9 % (95 %CI: 52.8 %–68.6 %) and above 3 
years 72.7 % (95 %CI: 69.6 %–75.6 %) were 3.32[95 %CI = 1.94–5.69, P 
< 0.001] and 6.87[95 %CI = 4.57–10.34, P < 0.001] respectively, times 
more likely to be seropositive for MERS-CoV compared to camels aged 
less than one year, 38.2 % (95 %CI: 30.6 %–46.3 %). Female camels 66.6 
% (95 %CI: 63.8 %–69.4 %) were 2.76[95 %CI = 2.05–3.70, P < 0.001] 
times likely to be seropositive for MERS-CoV compared to male camels, 
52.4 % (95 %CI: 46.5 %–58.2 %). 

Highly significant associations were found between camel produc
tion system and confinement within a perimeter wall, camel production 
system and interaction with wildlife, camel production system and 
water source for the camels. Consequently, in order to reduce multi- 
collinearity, only camel production system, sex of the camel and 
camel’s age in years were included in the multivariable regression 
model. 

Multilevel logistic regression was conducted using generalized linear 
mixed model to determine a reduced model of factors associated with 
MERS-CoV seropositivity treating herd size, camel production system, 
camel’s age in years and sex of the camels as fixed effects whereas 
county, sub-county and individual camel were treated as random effects. 
Four factors were retained as possible predictors at 5% level of signifi
cance as shown in Table 3. 

Adjusting for camel production system, age and sex, a unit increase 

Table 1 
MERS-CoV Seropositivity burden among camels in selected counties in Kenya.  

Variable 
No. of samples No. Positive 
n (%) n (%), 95 %CI 

County 
Isiolo 403 (28.4 %) 313 (77.7 %), (95 %CI: 73.3 %–81.6 %) 
Marsabit 370 (26.0 %) 274 (74.0 %), (95 %CI: 69.2 %–78.4 %) 
Turkana 417 (29.4 %) 284 (68.1 %), (95 %CI: 63.4 %–72.6 %) 
Laikipia 181 (12.7 %) 27 (14.9 %), (95 %CI: 10.0 %–20.9 %) 
Nakuru 50 (3.5 %) 7 (14.0 %), (95 %CI: 5.8 %–26.7 %)  
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of the herd size would increase the likelihood of seropositive for MERS- 
CoV by 0.14 % [95 %CI = 0.02 % – 0.27 %, P = 0.021]. Adjusting for 
herd size, age and sex, camels whose production system was pastoralism 
were 5.40 times likely to be seropositive for MERS-CoV compared to 
camels in a ranching production system 5.40[95 %CI = 1.41–14.03, P =
0.011]. 

Similarly, adjusting for herd size, camel production system and sex, 
camels aged 1–2 years, 2–3 years and more than 3 years were 1.64, 3.29 
and 6.13 respectively, times more likely to be seropositive for MERS- 
CoV compared to camels aged less than 1 year, 1.64 [95 %CI =
1.04–2.59, P = 0.033], 3.27[95 %CI = 1.91–5.61, P < 0.001], 6.12[95 % 
CI = 4.04–9.30, P < 0.001]. Adjusting for herd size, camel production 
system and age, female camels were 1.75 times more likely to be sero
positive for MERS-CoV compared to male camels, 1.75[95 %CI =
1.27–2.41, P = 0.001]. 

4. Discussion 

In this study, we assessed camels from various production systems for 
MERS-CoV IgG antibodies and identified factors associated with MERS- 
CoV seropositivity. The high rate of seropositivity by ELISA observed in 
this study confirms previous exposure of camel populations in Kenya to 
virus. Because the antibody ELISA used detects only IgGs, we can 
conjecture that camel exposure to MERS-CoV did not occur recently; IgG 
antibodies are thought to be long lived but exact antibody profiles are 
not known. 

This study reported higher (69.0 %) seropositivity rates in pastoral 
production systems when compared to ranching system (9.9 %). This is 
consistent with observations in previous studies in the country, an in
dicator that freedom of movement is associated with higher seroposi
tivity to MERS CoV antibodies in camel populations. These results tally 
observations in a study in the Kingdom of Saudi Arabia that recorded 
lower rates for MERS-CoV seropositivity (12.1 %) in dromedary camels 
in slaughterhouses, farms and wholesale markets (Sabir et al., 2016) 
compared to MERS-CoV seropositivity rates in camel farms (100 %) 
(Paden et al., 2018). 

Various countries have also reported high percentage of MERS-CoV 
antibodies in dromedary camels. In farms across Israel, MERS-CoV 
seropositivity rates ranging from 61.8%–71.8 % have been docu
mented (David et al., 2018)(Harcourt et al., 2018). For instance, results 
from Egypt indicated a seropositivity of between 79.1 % and 84.5 % in 
the pastoral camel production systems (Ali et al., 2017) while those from 
Ethiopia confirmed a seropositivity of 93 % from adult dromedaries and 
97 % in juvenile dromedaries from pastoral production system (Reusken 
et al., 2013). In Somalia, MERS seropositivity was 87.5 % while in 
Sudan, a seropositivity of 81.7 % was reported (Corman et al., 2014). 
Previous MERS-CoV seroprevalence studies on retrospective samples 
from 1992, in Kenyan dromedary camels populations have established 
the presence of MERS-CoV antibodies (Corman et al., 2014). In these 
earlier analyses, Marsabit County presented with a seropositivity rate of 
90 % (Munyua et al., 2017) while the lowest value of 46.9 % was 
recorded in Laikipia County with ranching and pastoral camel produc
tion systems (Deem et al., 2015). Dromedary camels have been impli
cated in the emergence and transmission of MERS-CoV to humans as a 
result of isolation of near–identical MERS-CoV strains from human and 
dromedary camels in the same epidemiological location (Omrani et al., 
2015). In another case, a covert MERS-CoV infection was detected in two 
men in a screening centre located at the Oman and United Arab Emirates 
border who had contact with an infected herd of camels and tested 
positive for MERS by RT-PCR (Al Hammadi et al., 2015). Presence of 
MERS-CoV RNA had also been confirmed in a 43-year-old male patient 
admitted at the King Abdulaziz University Hospital in Jeddah who have 
had history of contact with infected camels (Memish et al., 2014). 

Specifically, we evaluated eight plausible risk factors for association 
with MERS-CoV IgG; three were determined to be significant predictors 
for camel MERS-CoV seropositivity (Production system, Camel age and 

Table 2 
Distribution and association between MERS-CoV sero-positivity and selected 
factors in five counties.   

Total Seropositive   
Indicators n Mean/P (95 %CI) cOR (95 %CI) P- 

Value 

Herd size 1421 136¥ (127–145) 1.0022 
(1.0014–1.0029) 

<0.001 

Production 
system     
Pastoralism 1292 69.0 % (66.5 %– 

71.6 %) 
5.11 (1.62–16.16) 0.005 

Ranching 129 10.1 % (5.5 %– 
16.6 %) 

Reference  

Perimeter wall    
No 1318 67.8 % (65.2 %– 

70.3 %) 
3.42 (1.02–11.49) 0.047 

Yes 103 10.7 % (5.5 %– 
18.3 %) 

Reference  

Interaction    
No 103 10.7 % (5.5 %– 

18.3 %) 
Reference  

Yes 1318 67.8 % (65.2 %– 
70.3 %) 

3.42 (1.02–11.49) 0.047 

Water source    
Communal 
source 

1304 68.4 % (65.8 %– 
70.9 %) 

3.37 (1.01–11.32) 0.049 

Ranch source 117 11.1 % (6.1 %– 
18.2 %) 

Reference  

Confined separately from other species   
Yes 1401 63.5 % (60.9 %– 

66.1 %) 
Reference  

No 20 75.0% (50.9 %– 
91.3 %) 

1.84 (0.63–5.42) 0.267 

Age in years    
<1 year 157 38.2 % (30.6 %– 

46.3 %) 
Reference  

1− 2 years 223 48.0% (41.2 %– 
54.7 %) 

1.56 (0.99–2.45) 0.053 

2− 3 years 156 60.9 % (52.8 %– 
68.6 %) 

3.32 (1.94–5.69) <0.001 

>3 years 885 72.7 % (69.6 %– 
75.6 %) 

6.87 (4.57–10.34) <0.001 

Sex     
Female 1129 66.6 % (63.8 %– 

69.4 %) 
2.76 (2.05–3.70) <0.001 

Male 292 52.4 % (46.5 %– 
58.2 %) 

Reference  

P = Prevalence,¥ =Mean, cOR = Crude Odds Ratio, CI = Confidence Interval, P- 
Value = Probability Value. 

Table 3 
Multivariable mixed effects logistic regression of factors associated with MERS- 
CoV Seropositivity.  

Reduced Model 

Indicators aOR (95 %CI) P-Value 

Herd Size 1.0014 (1.00023− 1.00271) 0.021 
Production system   

Pastoralist 5.40 (1.67–17.49) 0.005 
Ranching Reference  

Age in years   
<1 year Reference  
1− 2 years 1.64 (1.04–2.59) 0.033 
2− 3 years 3.27 (1.91–5.61) <0.001 
>3 years 6.12 (4.04–9.30) <0.001 

Sex   
Female 1.75 (1.27–2.41) 0.001 
Male Reference  

aOR = Adjusted Odds Ratio, CI = Confidence Interval, P-Value = Probability 
value. 
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Sex) after adjusting for all the risk factors. The findings in this study 
increase our understanding of the predictors of MERS-CoV and plausible 
dynamics of MERS CoV infection in the Kenyan camel populations. This 
information can be used to target early risk-based surveillance and 
devise response strategies against circulating MERS-CoV strains. These 
identified predictors were identified earlier as risk factors for MERS-CoV 
exposure in Burkina Faso, Ethiopia and Morocco (Miguel et al., 2017). 

Isiolo, Turkana and Marsabit Counties have higher seropositivities 
for MERS CoV IgG in this study. This finding is unsurprising for a 
number of reasons: 1) the three counties share contiguous borders; 2) 
the counties have similar agro ecologies and are characterized by large 
camel herds under the pastoral production system, and 3) two of these 
counties border neighbouring countries and are characterized by sea
sonal movement over vast ranges of land in search of pasture and water 
and for trade. Seasonal movement across county lines and national 
borders in search of water and pasture is an important factor in MERS- 
CoV epidemiology, because of the aggregation of camel herds from 
different regions at common watering points during the dry season 
(Gikonyo et al., 2018). The high camel density at the pasture and wa
tering points and in the markets results in closer interaction between 
these camel herds, creating an opportunity for MERS-CoV infections and 
spill over among herds from the three counties and neighbouring 
countries and this epidemiological feature has previously demonstrated 
with other camel diseases (Wasonga et al., 2016). The effect of seasonal 
migration in MERS-CoV transmission can further be exacerbated by 
inter-clan feuds and insecurity. 

The higher rates of MERS-CoV seropositivity in camels in our study 
contradict the findings of studies in Burkina Faso, Ethiopia and Morocco, 
where production system was not a significant determinant of MERS- 
CoV seropositivity. Our findings also contradict results from a study 
conducted in Saudi Arabia, where high rates of seropositivity were 
observed in camel dense zero-grazed units and semi open grazing system 
(Elfadil et al., 2018). Studies to elucidate the dynamics of camel pro
duction systems and their influence on the rate of infection are 
warranted. 

In this study, camels aged above 3 years were 6.87 times more likely 
to be MERS-CoV seropositive compared to juvenile camels. This study 
findings are similar to those from studies conducted in Saudi Arabia 
(Elfadil et al., 2018) (Alagaili et al., 2014). The waning of passive im
munity in animals aged 6 months and older may produce a state of 
immunological naivety, resulting a cycle of infection and re-infection, 
possibly explaining the high seroprevalence rate observed among 
adult camels. Females were 2.76 times more likely to be seropositive 
compared to males, and this was similar to previous findings (Deem 
et al., 2015) (Munyua et al., 2017). The pastoral community in Kenya 
keeps camels mainly for milk production because female camels are 
known to withstand the harsh climatic conditions (Onono et al., 2010). 
This may explain the high rate of seropositivity among female camels 
due to the longevity of females in the herd. 

We utilised a cross-sectional study design, which was not ideal for 
investigation of risk factors associated with MERS-CoV seropositivity. In 
addition, we measured permanent exposures (sex, production system, 
and other factors related to production system), missing out the risk of 
reverse-association. A cross-sectional study design does not permit in
vestigators to determine when a seropositive camel first entered the 
herd. This may contribute to misclassification of the factors associated 
with seropositivity. However, since the study aimed to identify associ
ations and not cause-effect relationships, we deemed that the design was 
suitable determine camel seropositive status, and describe possible 
factors associated with MERS-CoV infection in this region. 

5. Conclusions and recommendations 

Despite the study limitations, we were able to demonstrate sero
positivity of MERS-CoV IgG antibodies in various camel production 
systems, with highest seropositivity reported in pastoral production 

systems. The study also identified independent factors associated with 
MERS seropositivity to include county of production, production system, 
camel age and sex. This study identified and described potential factors 
associated with MERS-CoV seropositivity in the country from a larger 
geographical range, examining defined production and management 
systems. The association of these factors, in addition to camel charac
teristics like age and sex, with MERS-CoV seropositivity has been 
explored. Knowledge of risk factors associated with MERS-CoV sero
positivity is key in advising on appropriate management of the emerging 
zoonotic infection that may represent a global public health threat. 

The strain of MERS-CoV detected in Isiolo County in Kenya clustered 
within the proposed Clade C African MERS-CoV strains in phylogenetic 
analysis (Kiambi et al., 2018). More research is needed to understand if 
these strains have zoonotic potential. Zoonotic transmission of 
MERS-CoV from camels to humans in Kenya cannot be ruled out. Studies 
are currently being undertaken to determine if there has been any 
infection of humans who have had close contact with camels. We 
therefore recommend advanced genetic characterization of any 
MERS-CoV strain isolated from camels or other livestock species in 
Kenya and investigation of seropositivity in humans who are in frequent 
contact with camels. 
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