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Summary

Dromedary amels(Camelus dromedarius) are anmportant protein source for peopiesemi
arid and arid regions of Africaln Kenya, camel populations have grosmamaticallyin the past
few decadesesulting inthe potential for increasatisease transmissidretween humans and
camels An estimated! million Kenyars drink unpasteurigdcamel milk which posesa disease
risk. We evaluated thser@revalence oé significant zoonotic pathoge@oxiella burnetii (Q
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fever), among 334amelsfrom nine herds in Laikipia County, Kenya. Serasting revealed
18.6% positiveseroprevalencef Coxiella burnetii (n=344). Increasing camedge was
positivelyassociatedavith C. burnetii seroprevalencOR=5.36). Our study confirmebtat
camels living in_Laikipia County, Kenya have been exposed to the zoonotic patogen,
burnetii. Further researcto evaluate theole of camels in disease transmisstorother
livestock, wildlife, and humans in Kenya should be conducted

Keywords:CamelsKenya, One HealthQ fever Zoonoses
Impacts(importance of paper’s finding for napecialist audience)

e Camels are at riséf exposure t&. burnetti in Laikipia County, Kenya.

e Older-camels arsignificantly more likely to b€. burnetii seropositive.

e Camels-are carriers @. burnetii in Laikipia County, Kenya and have the potential to be
involved in the epidemiology and transmission of these pathogens to humans, other

livestock and wildlife in the region.

I ntroduction

Dromedary camel@Camelus dromedarius) are an important protein source for peaplsemi

arid and arid regions of Africa. In Kenya, camel populations have increased dedijatithe

past few decades with estimates#if7,500 camels in 2000creasingo 2.9 million in 2013

(FAO 2016). During this period, camel milk productiorKenyarose from 335,000 tons to
937,000 tonsgand meat production from 15,000 tons to 651,000 tons (FAO 2016). Kenyan land
use for milkspreduction has increased for canagls time when land use for cattle ranching
concurrently decreased by h@fosire et al. 2015)Camels in Kenya are usedmarily for milk
productionwith'a shiftfrom subsistence to market production having increased significantly in
the last decad@Anderson et al. 2012; Hussein Abdi 2010; Musinga, Kimenye & Kivolonzi

2008; Noor et al. 2013).

Increasing drought events due ¢bmate chang@aveledto significantnegativempacts on
Kenyan livelihoods. Because camels survive better than cattle during periods of foodeand wa
scarcity many Kenyans hawavitchedfrom cattle to camels as a source of animal protein
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(Awuor, Ensor & Berger 2009). A recent study found that 71.5% of households interviewed in
Isiolo County, orthern Kenyapreferred camels over other livestock, and cited camel endurance

to climate factors as the main benéRiagunyu & Wanjohi 2014).

Veterinary care and bisecurity controldor camels in Kenya lag behind those for more
traditional livestog (e.g., cattle, sheep, goats), and may resudissesof productivity due to
diseaseassociated morbidity and mortalitys well asa potential escalation of disease
transmission‘between camels, other livestadgldlife and humans. Bmedary camslhave

been shown to harbor agents with zoonotic potential @ogiglla burnetii, Brucella spp.,
Toxoplasmaugendii, rift valley fever, anthrax) that may be transmitted between caotalsr
livestockand wildlife (e.g., blue tongue, bovine diarrhea virus, antingianosoma evansi)

(Afzal & Sakkirid994; Al-Ani et al. 1998; El-Harrak et al. 2011; Davies, Koros & Mbugua 1985;
OIE 2010; Mustafa 1987)Losses due tafectious diseasa camels also impact the economies
of local camel herder@®ich & Perry 2011). Understanding which diseases are present in
cames in Kenyas crucial formitigating the impact®f these diseases on camel productiaityl
public health:=For example, Kaindi (206timatel that 10% of Kenya’s 40 million people

drink unpasteurizedamelmilk; becauseraw milk is apossible transmission route fGr

burnetii, the€onsumptiorof unpasteurizedamel milkin Kenyamaypose a high public health
costin country(Cerf & Condron 2006; Hussein et al. 2014; Kaindi et al. 2012; Osoro et al. 2015;
Rahimi et'al. 2011).

Vanderburg et al2014) found that contact with camelsasassociated with human Q fever

across Africa..ln Chad, a serosurvey of pastoralists and their livesioo#t that camel breeders
had a nineitimes higher risk of bei@gburnetii seropositive compared to the general public
(Schelling etal*2003). In Kenya, knowledge of Q fever is lacking although two studies found a
26.8% and 30.6% seroprevalence among humans test€dbiametii antibodies (Knobel et al.
2013; Mwololo et al. 2015)More recent research revealed that 16.2% of febrile patients
admitted to hospitals in Northeastern Kenya were suffering from acute QXgear et al.

2016).

A pilot study in 2012 found a hig@. burnetii (Q fever) seroprevalen¢80%) in one herd in
Laikipia (Deem, Kinnaird, Browne, and Féyrsmpublished results)Other research on the same
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109 herd in 2011 revealetb% seroprevalence in adult camels at the Mpala ré@depuy et al.

110  2014). Therefore we focadonthis pathogermn a cross sectional study of macgmelherds in
111 the region The objective of oustudy was to determe theserg@revalence o€. burnetii (Q

112 fever) in dromedary camets Laikipia County, Kenya. Additionally, we soughtdetermine if
113 exposure tdhis pathogen wasassociated wittand management systemsamel demographics
114  or physiologicaBbnormalitiesn dromedary camels.

115 Materials'and Methods
116  StudyArea

117  Thisstudy wasonducted in Laikipia County, Kenya, a 10,000 laréaclassified as senarid

118  (Figure 1)(Pratt.& Gwynne 1977)Thisregionis consideredne of the most important wildlife
119  areas irKenya.based on wildlife abundance and diitg(Georgiadis et al. 2007; Kinnaird &

120 O’Brien 2012). Properties are managedasnmercial livestock ranches, pastoralist communal
121 land, and WHdlife conservanciedqjowevemost propertiesitilize a mixed management regime
122 (Kinnaird & Q'Brien 2012).Camels in the region are kept for médkd meaproduction as well

123  as fortransportation of supplies and people.
124  Figure 1: Loecation of Laikipia County in Kenya.
125  Camel Sampling

126  We sampledames$ from nine Laikipia properties under different management regiiest
127  predominantly.commercial ranching properties, two at mixed commercialalst(i.e., group)
128  properties and two nomadic herds used for the movement of supplies and people. Sampling took

129  placefrom_June to August 201and has been described elsewliPeem et al. 2015).

130 We sanpledcamels frormine herds with different management and population characteristics,
131 within constraint®f transport and accessibilityrhe camel herds in our study were categorized
132 asfollows: five atpredominantly commercial ranching properties.(icamel milk produced for
133  sale, two atgroup properties (i.emixed commercial/pastoraliserds for camel milk production
134  primarily for subsistence use), and two nomadic herds (i.e., camels used for theemosem

135  supplies and people).
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While effortswere made to sample a diverse subset of each population by selecting a range of
ages andbothsexedrom animals distributed throughout the herd, a truly random samgsinot
fulfilled due to logistical constraintsCamels were markedith paintto prevat repeat sampling

of individuals. Herdersmanually restrainedamelsby hobbling one front leg with a rope so the
camel could.not kick or walk away, and manually restraining the head. A 4-8ml blood sample
was collected from the jugular vein using an 18 gauge needle and pltceeium separator

and EDTAVacutainer tubes.

We \Jsualy estimatedick load byexaminng the groin, axilla, perineum, and ears. Tick load
was quantifiedwper individual into four distinct ranges ticks, 1-20 ticks, 21-100 ticks, and
>100ticks.“A veterinarian visually determined the body condition score of each cathéh,as
normal, or obese, using the visual appearance of the ribs and pgl$svere assigned as:
young (<6 months), juvenile (éhonths to 2 years), and adul@(years) based on dental wear,
physical attributes, antterderbwner knowledge.

Laboratory*Testing

Blood samples from the field were transported ortadbe Mpala Research Ceait Whole
blood fromEDTA tubeswasused to determine packedll volume(PCV) and btal solids(TS).
PCV wasevaluatedising aPCV card while TS was determined usingeiractometer, as

previously-described (Deem et al. 2011).

Blood samples'frorserum separatdaubes were allowed to clot and then centrifuged within 8
hours of collection Seraverethendecanted and aliquots placed in cryotubes and stored at
20°C at the Mpala Research Centre until transported to the International Livestock Research
Institute (ILRD.in Nairobj Kenya. ®ra samples wetestedat ILRI for the presencef.

burnetii antibodies using the CHEKIT Q fever by IDEXX burnetii antibody test kit
according.tesmanufacturer’s instructionshe CHEKIT Q fever test kit designates samples as
negative, suspicious, or positjvend the manufacturer reports a sensitivity and specificity of
100% (ldexx Laboratories 2011).

! IDEXX Europe B.V., Scoripius 60 Building F, Hoofddorp 2132 LR, The Netherlands
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166  Statistial Analysis

167  We performed statisticalnalyss using R Version 3.2.1 (R Core Team 2015). For a seropositive
168  resultwe evaluated thiollowing exposure variableferd, age group, sex, body condition, PCV,
169 TS, tick scoreand management. We used the “dplyr” package to perform univariate analysis,
170  with a Sudents ttest totest continuous variables, and Fisher test used to test categorical

171 variablegWickham & Francois 2015). We used ttrme4” packageo performlinear mixed

172  effects madellingwith “herd” as a radom factor(Bates et al. 2014). A preliminary model was
173  generatedqby stepwise backward elimination of the least significant variables, and eliminated
174  variables were“assessed for confounding. Confounding variables, determined by a change of
175  >30% inothervariable coefficierd, were kept in the model even if they were non-significant.

176  Intraclass.cluster correlatiop) was calculeedfor C. burnetii sergositivecamels within herds

177  using the “aod”package with a Monte Carlo 1-way generalized linear mixed (hedabff &

178  Lancelot 2012).This statistical method gives an indication of the likelihood of other animals
179  being positive if there is one positive animal in the herd. A verbal description afehgth of

180  correlation is as follows: 0.00-0.19: “very weak”; 0.20-0.39: “weak”; 0.40-0.59: “moderate”;

181  0.60-0.79: strong”; and 0.80-1.0: “very strong3uspicious results for the CHEKIT Q fever test

182  were countedas negativA. p value< 0.05 was considered significant for all analyses.
183  Ethical Approval

184  Approval forthe study was obtained from the Kenyan National Council of Science and
185  Technology (NCST; permit number NCST/RRI/12/1/BS011/064) and the InstitutionabAnim
186 and Care and Use Committee of the Saint Louis Zoo. Oral consent was obtainedrfreim

187 owners,
188 Results

189  We sampled 33damels frormine herdgTable 1) All nine herds had at ledsto animak

190  serqositive forC. burnetii (Table 2).

191 Table 1: Herd size, management type, and proportion of camels sampled imméhéeals in Laikipia

192  County, Kenya

Camel Herd and Herd Size (n) Proportion of
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Management Type Camels Sampled %

Commercial 1 50 75
Commercial 2 357 10
Commercial 3 50 100
Commer cial 4 131 21
Commercials 167 36
Group 1 76 46
Group 2 18 100
Nomadic 1 34 80
Nomadic 2 122 39
Total Counts 1,005 33

193

194  Table 2:Prevalence of. burnetii in camelssampled in Laikipia County, Kenya=334)

Herd (n camelssampled) n positivefor C. burnetii (%)

Commer cial 1:(34) 4 (12%)
Commer cial 21(35) 4 (11%)
Commercial'3 (50) 2 (4%)

Commer cial4+(28) 8 (29%)
Commercial 5 (60) 21 (35%)
Group 1(35) 3 (9%)

Group 2 (18) 4 (22%)
Nomadic 1 (27) 12 44%)
Nomadic 2 (47) 4 (9%)

All Herds (334) 62 (19%)

195

196 Based on.amiraclass cluster correlatiop)of 0.11,there was noted very weak cluster
197  correlation.Univariate analysis afxposure variablegvealedhatherd, age group, ands
198  weresignificantly associated wit8. burnetii seropositivity(Table 3). Older age group and

199 increased. IS'were associated vagnopositivityfor C. burnetii.

200 Table 3 p-values of mivariate analysis of factors relatedpositiveC. burnetii (Q fever)seroprevalence

201  among camels in Laikipia County, Kenya (n=334)

Factor p-value
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203
204
205

206

207

208

209

210
211
212
213
214
215
216

Herd <0.0001

Sex 0.56
Ticks 0.26
Tick Score 0.28
Management 0.53
Body Condition Score 0.30
Pack Cell Volume (PCV) 0.74
Total Solids (TS) 0.005
Age Group 0.005

"Significant at.g0.05

Thefinal linear.mixed model fo€. burnetii seroprevalence was generated with “Age Group” as
asignificant factor (Table 4 The serostatus of Q fevamong the three age groupsas
follows: 7% young (n=56), 14% juvenile (n=81), and 24% adult (n=197).

Table 4: Linearsmixed effects model 1Gr burnetii (Q fever) seroprevalence among dromedary camels

Odds
Variable Ratio 95% ClI Pr(>|z))
(Inter cept) 0.0 0.012,0.14 0.006
Juvenile Age Group 2.89 0.84 10.0 0.164
Adult Age Group 5.36 2.09,21.0 0.04

Herd as a random factor variance: 0.65

Discussion

Our study confirmedseroprevalence @. buretii among camels in Laikipia County, Kenyaf O
thecamels sampled.8.6%were seropositive faC. burnetii. All nine herds hadt least twdC.
burnetii sergositivecamels Odds of seropositivy amonglalt camelsvere5.4 times the odds
of exposure.in‘young camelftra-class cluster correlatioif seropositiveC. burnetii camels
was very weak among herds, indicating that the presenceepbpositive animal ia herd did
not support that oth@amelswere seropositiven that herd. This would suggest tiatour netii

is not highly infectious between camels in the same herd.
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The “Commercial 5” herd, which was sampled in both a pilot study (Deem, Kinnaird, Browne
and Févre, unpublished results), and another published study (Depuy et al. 2014), revealed litt
change irseroprevalence over three years. This herd had the second highest seroprevalence of
the nine camel herds sampled, but exposure was detected in all nineRrerdsus research in
Kenya established seroprevalence of Q fever among dogs, cattle, sheep, goats, and camels
(Knobel etial. 2013; Depuy et al. 2014). In Saudi Aradeagprevalencamong camelwas

found te'be"as high as 51.6% (Hussein et al. 20M4y). results for camels in Laikipia are similar

to studiesfrom‘iran where seroprevalence ranged from 10.7% to 2Bot9%ti, Arshi &

Sadeghi 2014b; Pirouz et al. 2015).

In our study positiveC. burnetii seroprevalencsignificantly increased withamelage, a finding
consistent.with.studies fro®audi Arabiaand Iran(Husin et al. 2014; Pirouz et al. 20185

well as a previous study in Laikipia (Depuy et al. 20C8mels can shed and trans@it

burnetii during parturition, and we would have expected a higher prevalence among young and
juvenile camels ifnfection d birth werea significant pathway of infectiorAll camels in this
study, even those near parturitiovere kept in small enclosurésomas) at night to avoid
predationtherefore all animals in the herd have close contact with birth fluldlfluids

associated witparturitonwerea signficant transmission route for Q fever within camel herds,
we would expect a uniformeroprevalence across the entire héngtead, our results suggest
that this mode of transmission is low and that camels are more likely exposed as thepeage
possible explanation for this increased prevalence with age could be due to tick-expdise
environment.Tick infestation was not significantly associated with positive seroprevalence in

our study, but this mayebdue to the small sample size or the-posbabilisticsampling.

A recent studyn_Kenya testing ticks removed from dogs found 50% ofitks were positive
for C. burnetii_using Real Time PolymeraseChain Reaction (RTPCR)testing(Knobel et al.
2013) A 2012 pilot study othe "Commercial 5camel herd in Laikipia County, Kenya tested
ticks remaved fronC. burnetii seropositivecamels andound high concentrations @. burnetii
via RT-PCR(Eévre, Kinnaird, Browne, and Deem, unpublished resulghile tick prophylaxis
was used by all herd ownersaar study, applied at a minimum frequency of mdyintervals
we still found over 56% (188/334f camels had ticks present on their bodigbaitime of
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sampling. Camels in Laikipia Countiyavel across the landscagaily to browse, whicimay
increase their exposuretioks.

Previous research on one camel herd that was sampled for this“&adhymercial 5”,found
thatcamelstravelled an average @2 kma day(O’Connor, Butt & Foufopoulos 2015)Camel
bomas or/enclosures agpically relocated every few months to allow for new foraging areas to
be accessed, whidbrther increases tickxposure for camelshile browsing in new
environments. Acaricide use on cattle has been found to reduce the population of adult and
nymphal hest'seeking ticks that feedaatle and wildlife, therefore continued acaricide use in
camels couldsreduce Q fever transmission to wildlife in the ékessing et al. 2013)The
presence OC. burnetii seropositive camels imaikipia County, Kenyasuggests that cametsay

play a role.in.the. burnetii livestock reservaoir, tick vector, wildlife cycle in the area

One limitation of our study is that we evaluated antibodi€s twurnetii and not antigens.
Therefore,.these data support a high level of exposure in the camels in LGiypity, Kenya

but we capnetsstate the prevalence of infection within these herds.

Contact.with.camels and the consumption of unpasteurized camel milk may pose aegaltiic

risk in Kenya."“We strongly support the use of heat treatment for camel mil@en
transmission=o€. burnetii and other zoonotic pathogens from camels to humans. Efforts should
be made on a local, regional, and national levebiacate consumers and camel owners about
mitigatingtherisk othis pathogen Recent research in Rbeastern Kenya revealed that 16.2%

of febrile patientedmitted to remote hospitadsiffered from acute @ver infection, but Q-

fever was not suspected by any of the treating physicians and 99.5% of the febrile patients

no knowledge of Qever(Njeru et al. 2016)Studies of infectious diseases of camelgenya

are needed-toridentitye links that camel health may hawe the health of other domestic

livestock wildlife species, and human health. We recommend that studies on camel pathogens
should occur alongside those that look at the incidence ofitifesgons in humans that work

with cames$ and/or consume camel product$ie recent discovery of MERSoV in Kenyan
dromedarycamelshas helped to highlight the zoonotic potential this growing industry poses to
the people of Kenya (Corman et al. 2014; Deem et al. 20153.imperative that@entific

research, veterinary mediccare and public policy for camel production be advanced in Kenya
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to help mitigate public health risks and diseaaasmission to sympatric wildlife and livestock,
while advancing camel productivity in the region.

References

Afzal, M & Sakkir, M 1994, ‘Survey of antibodies against various infectious disease agents in
racing.camels in Abu Dhabi, United Arab EmiratelReyue scientifique et technique

Inter national Office of Epizootics.

Al-Ani, FKgSharrif, LA, Al-Rawashdeh, OF, Al-QudakiM & Al -Hammi, Y 1998, ‘Camel
Diseasesrin JordarProceedings of the Third Annual Meeting for Animal Production
Under Arid Conditions, vol. 2, pp. 77-92.

Anderson, DM, Elliott, H, Kochore, HH & Lochery, E 2012, ‘Camel herders, middlewomen, and
urban milk bars: the commaodification of camel milk in Kenyalyrnal of Eastern African
SudiesOnline) Journal Journal of Eastern African Sudies, vol. 63, no. 10, pp. 1753-1055,
accessed:from

<http:iwww.tandfonline.com/action/journallnformation?journalCode=rjea20

Awuor, C, Enser, J & Berger, R 2009, ‘Increasing drought in arid and semiarid Kenya’, in
Understanding Climate Change Adaptation, Practical Action Publishing, Rugby,
Warwickshire, United Kingdom, accessed from
<http/www.developmentbookshelf.com/doi/book/10.3362/9781780440415>.

Bates, D, Maechler, M, Bolker, B & Walker, S 2014, ‘Fitting Linear Mixdtects Models
Using Ime4’,Journal of Satistical Software, vol. arXiv, p. 1406.5823, accessed from
<http://arxiv.org/abs/1406.5823>.

Bosire, CK, Ogutu, JO, Said, MY, Krol, MS, Leeuw, J de & Hoekstra, AY 2015, ‘Trends and
spatial variation in water and land footprints of meat and milk production systems in

Kenya’, Agriculture, Ecosystems and Environment, vol. 205, pp. 36—47.

Cerf, O & Condron, R 2006, ‘Coxiella burnetii and milk pasteurization: an early apmhaztti
the precautionary principleZpidemiology and infection, vol. 134, no. 5, pp. 946-951.

Corman, VM, Jores, J, Meyer, B, Younan, M, Liljander, A, Said, MY, Gluecks, I, Lattwein, E,

This article is protected by copyright. All rights reserved



302
303
304

305
306
307

308
309
310

311
312
313
314

315
316
317
318

319
320

321
322

323
324
325

326
327

328

Bosch, BJ, Drexler, JF, Bornstein, S, Drosten, C & Mduller, MA 2014, ‘Antibodies against
MERS coronavirus in dromedary camels, Kenya, 1992-2@&13 ging | nfectious
Diseases, vol. 20, no. 8, pp. 1319-1322.

Davies, FGyKoros, J & Mbugua, H 1985, ‘Rift Valley Fever imi& the presence of antibody
to the virus in camels (Camelus dromedariu)e Journal of Hygiene (London), vol. 94,
pp. 241-244.

Deem, SL; Fevre, EM, Kinnaird, M, Browne, AS, Muloi, D, Godeke, GJ, Koopmans, M &
Reusken, €B 2015, ‘Serological evidencéM#ERS-CoV antibodies in dromedary camels
(Camelussdromedaries) in Laikipia County, Keny&’pSONE, vol. 10, no. 10, pp. 11-15.

Deem, SL,RParker, PG, Cruz, MB, Merkel, J & Hoeck, PEA 2011, ‘Comparison of blood values
and health'status of Floreana Mockingbirds (Mimus trifasciatus) on the islantdampn
and Gardner-by-loreana, Galapagos Islandsournal of wildlife diseases, vol. 47, no. 1,

pp. 94-106, accessed from <http://www.ncbi.nlm.nih.gov/pubmed/21270000>.

Depuy, W Benka, V, Massey, A, Deem, SL, Kinnaird, M, O'Brien, T, Wanyoike, S, Njoka, J,
Butt,;»B, Foufopoulos, J, Eisenberg, JNS & Hardin, R 2014, ‘Q fever risk across a dynamic,
heterogeneous landscape in Laikipia County, Keriy@Health, vol. 11, no. 3, pp. 429—

433.

Doosti, A,"Arshi, A & Sadeghi, M 2014a, ‘Investigation of Coxiella burnetii in Iranianetsim
Comparative Clinical Pathology, vol. 23, pp. 43—46.

Doosti, AfArshi, A & Sadeghi, M 2014b, ‘Investigation of Coxiella burnetii in Iranian t&me
Comparative Clinical Pathology.

El-Harrak, M, MartinFolgar, R, Llorente, F, Fernandez-Pacheco, P, Brun, A, Figuerola, J &
JimenezClavero, M. 2011, ‘Rift Valley and West Nile Virus Antibodies in Camels, North
Afriea’, Emerging Infectious Diseases, vol. 17, no. 12, pp. 2372-2373.

FAO 2016, ‘FAOSTAT’, accessed March 16, 2016, from
<http://faostat3.fao.org/download/Q/QA/E>.

Georgiadis, NJ, lhwagi, F, Olwero, JGN & Romanach, SS 2007, ‘Savanna herbivore dynamics i

This article is protected by copyright. All rights reserved



329
330

331
332

333
334
335

336

337
338
339
340

341
342
343
344

345
346
347

348
349

350
351
352

353
354
355

a livestockdominated landscape. II: Ecological, conservation, and management
implications of predator restoratiorBjological Conservation, vol. 137, no. 3, pp. 473-483.

Hussein Abdi, A 2010, “Town Cansand Milk Villages: the growth of camel milk marketing in
the Somali'Region of Ethiopiakutre Agricultures, no. Research Update 003.

Hussein, MF, Alshaikh, MA, Al-Jumaah, RS, Garelnabi, A, Al-Khalifa, | & Mohaihn@B
2014 The"Arabian camel (Camelusthedarius) as a major reservoir of Q fever in Saudi

Arabia’;Comparative Clinical Pathology, vol. 24, pp. 887-892.
Idexx Laboratories 2011. ldexx Q fever Ab Test: Validation Report. pp 1-8.

Kagunyu, AW & Wanjohi, J 2014, ‘Camel rearing replacing cattle production among the Borana
communitysin Isiolo County of Northern Kenya, as climate variability biteastoralism:
Research, Policy and Practice, vol. 4, no. 1, p. 13, accessed from
<http://www.pastoralismjournal.com/content/4/1/13>.

Kaindi, DWM 2009, ‘Microbiological quality of camel milk along the market chain and its
correlation with fooeborne illness among children and young adults in Isiolo, Kenya.’,
Master thesis at the Department of Food Science, Nutrition and Technology, University of

NairobiykKenya.

Kaindi, DWM, Schelling, E, Wangoh, JM, Imungi, JK, Farah, Z & Meile, L 2012, ‘Risk Factors
for Symptems of Gastrointestinal lliness in Rural Town Isiolo, Kerg@onoses and
PubliciHealth, vol. 59, no. 2, pp. 118-125.

Keesing, F, Allan, BF, Young, TP & Ostfeld, RS 2013, ‘Effects of wildlife and cattleckn t
abundance in central Keny&cological Applications, vol. 23, no. 6, pp. 1410-1418.

Kinnaird, MF & O’Brien, TG 2012, ‘Effects of Private-Land Use, Livestock Managenand
Human_TFolerance on Diversity, Distribution, and Abundance of Large African Mammals’
Conservation Biology, vol. 26, no. 6, pp. 1026-1039.

Knobel, DL, Maina, AN, Cutler, SJ, Ogola, E, Feikin, DR, Junghae, M, Halliday, JEB, Richards,
AL, Breiman, RF, Cleaveland, S & Njenga, MK 2013, ‘Coxiella burnetii in humans,
domestic ruminants, and ticks in rural Western KenAaderican Journal of Tropical

This article is protected by copyright. All rights reserved



356

357
358

359
360
361
362
363

364
365

366
367
368
369

370
371
372
373

374
375
376

377
378
379
380

381
382

Medicine and Hygiene, vol. 88, no. 3, pp. 513-518.

Lesnoff, M & Lancelot, R 2012, ‘aod: Analysis of Overdispersed Data’, accessed from
<http://cran.fproject.org/package=aod>.

Musinga, M, Kimenye, D & Kivolonzi, P 2008, ‘The camel milk industry in Kenfasource
Mobilization Center, accessed from
<http#www.snvworld.org/sites/www.snvworld.org/files/publications/camel_milk_industry

_in_kenyarpdf\nhttp://www.ebpdn.org/download/download.php?table=resources&id=2337>

Mustafa, |IE 1987, ‘Bacterial diseases of dromedaries and bactrian cdReelsti. tech. Off.
int. Epiz.vol. 6, no. 2, pp. 391-405.

Mwololo, DK, Kitala, PM, Wanyoike, SK & Bett, B 2015, ‘Seroprevalence and risk factors of
Coxiella burnetii (Q fever) infection in humans in Bura irrigation scheme, Tarea Ri
CountysKenya’ Poster prepared for the 3rd International One Health Congress,

Amsterdam, the Netherlands, vol. 15418 Marc.

Njeru, J, Henning, K, Pletz, MW, Heller, R, Forstner, C, Kariuki, S, Févre, EM & Neubauer, H
2016;"Febrile patients admitted to remote hospitals in NortheasterlyaKeeroprevalence,
risk factors and a clinical prediction tool forkgver’,BMC Infectious Diseases, vol. 16,
no. 1,p244.

Noor, IM, Guliye, AY, Tarig, M &Bebe, BO 2013, ‘Assessment of camel and camel milk
marketing practices in an emerging peri-urban production system in Isiolo County, Kenya’

Pastoralism. Research, Policy and Practice, vol. 3, no. 28, pp. 1-8.

O’Connor, DA, Butt, B & Foufopoulos, JB 2015, ‘Foraging ecologies of giraffe (Giraffa
camelopardalis reticulata) and camels (Camelus dromedarius) in northern Kenya: Effects of
habitat structure and possibilities for competitiod®jcan Journal of Ecology, vol. 53, no.

2, pp. 183=193.

OIE 2010, ‘Ifectious Diseases of Interest for Camelidgpendix 1V. Report of the Second
Meeting of the OIE AD HOC Group on Diseases of Camelids. Paris, 3-5 May, pp. 1-11.

This article is protected by copyright. All rights reserved



383
384
385
386

387
388
389

390
391

392
393

394
395
396
397

398
399
400
401

402
403
404

405
406

407

408

Osoro, EM, Munyua, P, Omulo, S, Ogola, E, Ade, F, Mbatha, P, Mbabu, M, Ng’ang'a, Z, Kairu,
S, Maritim, M, Thumbi, SM, Bitek, A, Gaichugi, S, Rubin, C, Njenga, K & Guerra, M
2015, ‘Strong association between human and animal brucella seropositivity iada link

study_in Kenya, 2012-2013American Journal of Tropical Medicine and Hygiene.

Pirouz, HJ, Mohammadi, G, Mehrzad, J, Azizzadeh, M, Hossein, M & Shirazi, N 2015,
‘Seroepidemiology of Q fever in one-humped camel population in northeastTrap!,
AnimiHIth Prod, vol. 47, pp. 1293-1298.

Pratt, DJ & Gwynne, MD 197 Rangeland management and ecology in East Africa, Hodder &
Stoughton;, London.

R Core Team,2015, ‘R: A language and environment for statistical computing’seddssm

<http://maw.r-project.org/>.

Rahimi, E;\Ameri, M, Karim, G & Doosti, A 2011, ‘Prevalence of Coxiella burnetiiutk BAilk
Samples-from Dairy Bovine, Ovine, Caprine, and Camel Herds in Iran as Dettigine
Polymerase Chain Reactioifpodborne Pathogens and Disease, vol. 8, no. 2, pp. 307-
310.

Rich, KM=&Perry, BD 2011, ‘The economic and poverty impacts of animal diseas
developing countries: New roles, new demands for economics and epidemiology’,
PreventiveVeterinary Medicine, vol. 101, no. 3-4, pp. 13347, accessed from
<http://linkinghub.elsevier.com/retrieve/pii/S016758771000228X>.

Schelling,(E, Diguimbaye, C, Daoud, S, Nicolet, J, Boerlin, P, Tanner, M & Zinsstag, J 2003,
‘Brucellosis and Gfever seroprevalences of nomadic pastoralists and their livestock in
Chad’, Preventive Veterinary Medicine, vol. 61, pp. 279-293.

Wickham, H & Francois, R 2015, ‘dplyr: A @mmar of Data Manipulation’, accessed from
<http://cran.rproject.org/package=dplyr>.

Acknowledgments

This article is protected by copyright. All rights reserved



409
410
411
412
413
414
415
416
417
418
419
420

This work was funded by the Saint Louis Zoo Field Research for ConservationldRanhi3

09), theCGIAR Research Program for Agriculture fdutrition and Health, led by IFPRI, the
Wellcome Trust (085308) and the Biotechnology and Biological Sciences Research Goencil,
Department for International Development, the Economic & Social ResearchilCtheic

Medical Research Council, the Natural Environment Research Council and the Defence Science
& Technolegy Laboratory, under the Zoonoses and Emerging Livestock Systems (ZELS)
programme,‘grant reference BB/L019019/1, and the University of Michigan. We thank the
Office of the"President of the Raglic of Kenya and National Museums of Kenya for permission
to conducthis research and the Mpala Research Centre and Mpala Wildlife Foundation for
logistical suppert. All laboratory tests were carried out by Velma KivaliAice Kiyong'a at

ILRI, Nairobt, to whom we are most grateful. We also thank the camel herding staff of Mpala,

led by StepheniMoso, for their valuable assistance.

This article is protected by copyright. All rights reserved






