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Abstract
Previous work identified that bacterial zoonoses (Brucella species, Coxiella burnetii and 
Leptospira hardjo) were present in Cameroonian pastoral cattle. To assess the char-
acteristics of this zoonotic risk, we analyse seroprevalence of each pathogen and the 
associated management, herd and environmental factors in Cameroonian pastoral 
and dairy cattle. Cross- sectional samples included pastoralist herds in the Northwest 
Region (NWR n = 750) and Vina Division (VD n = 748) and small holder dairy herds in 
the NWR (n = 60). Exposure to Brucella spp., C. burnetii and L. hardjo were screened 
for using commercial ELISAs and population adjusted estimates made. In addition, 
individual, herd and ecological metadata were collected and used to identify risk fac-
tors associated with animal- level seropositivity. In the pastoral cattle, seroprevalence 
to Brucella spp. was relatively low but was higher in the NWR (4.2%, CI: 2.5%– 7.0%) 
than the VD (1.1%: CI 0.5%– 2.4%), while L. hardjo seroprevalence was much higher 
though similar in the NWR (30.7%, CI 26.3%– 35.5%) and VD (35.9%, CI 31.3%– 
40.7%). No differences were noted in C. burnetii seroprevalence between the two 
study sites (NWR: 14.6%, CI 11.8%– 18.0%. VD: 12.4%, 9.6%– 15.9%). Compared to 
pastoral, dairy cattle had lower seroprevalences for L. hardjo (1.7%, CI: 0.0%– 4.9%), 
C. burnetii (0.0%, CI 0.0%– 6.0%) but similar for Brucella spp. (5.0%, CI 0.0%– 10.6%). 
Increased odds of Brucella spp. seropositivity were associated with owning sheep or 
rearing sheep and fencing cattle in at night. Adult cattle had increased odds of being 
seropositive for both C. burnetii and L. hardjo. Additionally, exposure to C. burnetii 
was associated with local ecological conditions and L. hardjo was negatively associ-
ated with cattle undertaking transhumance. This work highlights that exposure to 
these 3 important production diseases and occupational zoonoses are widespread 
in Cameroonian cattle. Further work is required to understand transmission dynam-
ics between humans and livestock to inform implementation of effective control 
measures.
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1  | INTRODUC TION

Cattle rearing is nutritionally, economically and culturally important 
to rural livelihoods in sub- Saharan Africa (SSA) (Dessie & Okeyo 
Mwai, 2019), with livestock contributing ~30% of the continent's 
agricultural gross domestic product (FAO, 2020). Over the last dec-
ade, rapid population growth and urbanization in SSA has led to 
increased demand for meat and dairy products (Thornton, 2010). 
Consequently, intensification of cattle production systems is seen 
as an important part of economic development (Otte et al., 2019). 
Despite their value, cattle also pose a risk to human populations by 
acting as a source of zoonotic infections. Cattle zoonoses can be 
transmitted either through direct close contact or indirectly through 
the food chain to consumers. The burden of food borne zoonoses 
is likely significant in SSA countries (Gebreyes et al., 2014), due to 
limited awareness of the risks posed from consuming animal prod-
ucts (Tebug et al., 2015) and limited implementation of food safety 
practices (El Zowalaty et al., 2019). Human infections are often asso-
ciated with individuals with greatest animal contacts such as animal 
keepers, abattoir workers and those that consume unpasteurized 
milk (Dadar et al., 2020; Mgode et al., 2015; Pereira et al., 2020; 
Vanderburg et al., 2014).

Bacterial zoonoses such as Brucella abortus (the major Brucella 
spp. in bovine populations), Coxiella burnetii (Q fever) and Leptospira 
interrogans serovar hardjo (the major L. hardjo) have been reported in 
cattle and human populations in SSA (Ducrotoy et al., 2017; Mgode 
et al., 2015; Vanderburg et al., 2014). In low- middle income coun-
tries (LMICs), bacterial zoonoses account for 3.4% of severe febrile 
illnesses that have been assumed to be malaria (Prasad et al., 2015). 
Bacterial zoonoses also have an impact on cattle productivity through 
losses from infertility and abortions and therefore can negatively im-
pact cattle- related livelihoods. In cattle, B. abortus, C. burnetii and 
L. hardjo can be associated with abortion, weak calves and milk drop 
(Colville & Berryhill, 2007; Neta et al., 2010; Scott et al., 2011) as 
well as a number of specific clinical signs associated with each in-
fection (Colville & Berryhill, 2007; Neta et al., 2010). In both animals 
and humans, acute and chronic clinical presentations are possible 
for these three infections. For example, C. burnetii and L. hardjo 
can be associated with persistent infertility and repeated abortion. 
Persistent herd infections can lead to significant production losses 
regardless of the production system, including in smallholder com-
munities where few cattle are kept (Salmon et al., 2018) and pastoral 
herds where 10 s– 100 s of cattle are kept as the predominant form of 
financial capital (Sheik- Mohamed & Velema, 1999). Latent infections 
also pose a hidden health risk to both cattle and human populations, 
due to the asymptomatic nature of infections and limited routine di-
agnostic surveillance. Diagnoses of zoonoses in humans and animals 
are challenging because of these asymptomatic and indistinct clinical 

presentations. Misdiagnosis can easily occur without access to ad-
vanced diagnostic technologies (Maze et al., 2018) and consequently 
lead to poor treatment outcomes (El Zowalaty et al., 2019).

Despite the potential risk of zoonosis transmission from cattle 
to humans, understanding of transmission networks is patchy and 
poorly monitored in SSA (Gebreyes et al., 2014), with medical and 
veterinary infrastructure often fragmented and under- resourced. To 
mitigate the risks posed by bacterial zoonoses shared between cattle 
and humans, it is critical to understand the epidemiology of patho-
gens within local ecosystems and identify risk factors that drive 
transmission. For example, the Central African country of Cameroon 
has a cattle population of ~6 million kept mainly on the fertile moun-
tainous west and northern savannah regions of the country (United 
Nations Statistics Division, 2011). The majority of herds are reared in 
pastoral grazing systems in herds of 10– 100 s of cattle by the Fulani 
people, who graze and trade cattle across the wider Central- West 
African region (Motta et al., 2017). Cattle rearing is central to Fulani 
community life, with cattle kept as a source of wealth, local milk 
production and meat for distant urban populations (Frantz, 1993; 
Kelly et al., 2016). An increasing demand for meat and milk in urban 
populations over the past 40 years (Bayemi et al., 2005) has en-
couraged growth of pastoral cattle populations across the country 
and the emergence of peri- urban dairy smallholders in the North 
West Region as part of a local economic development programme 
in the early 1990s. Dairy smallholders keep dairy cattle in housed 
‘cut and carry’ feeding systems in herds of usually under 10 cattle 
(Kameni et al., 1999; Njew et al., 2002). A previous study in the early 
2000s highlighted the presence of bacterial zoonoses in pastoral 

K E Y W O R D S
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Impacts

• Exposure to important production diseases and occu-
pational zoonoses are still widespread in Cameroonian 
cattle, including Brucella species, Coxiella burnetii and 
Leptospira hardjo. Their presence poses a risk to the 
health and livelihoods of animal- keeping communities in 
Cameroon.

• This is the first time that Brucella species and Leptospira 
hardjo were detected in dairy cattle in Cameroon, high-
lighting the potential zoonotic risk to the wider milk- 
consuming human population.

• For pastoral cattle, seroprevalence varied by pathogen 
and locality. Risk factors for exposure were mainly asso-
ciated with local husbandry practices and co- infections. 
Understanding the collective risk factors highlights an 
opportunity for coordinated control.
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cattle populations in the Adamawa Region of Cameroon (Mazeri 
et al., 2012; Scolamacchia et al., 2010). As cattle are closely linked to 
community livelihoods, further understanding of bacterial zoonosis 
epidemiology may encourage investment in collaborative public and 
animal health campaigns (Sheik- Mohamed & Velema, 1999).

In this paper, we leverage an integrated data resource generated 
during the largest bovine tuberculosis survey in Cameroon. We use 
a serum bank generated from the population- based sample of pasto-
ral and small holder dairy herds to screen for antibodies to Brucella 
spp., C. burnetiii and Leptospira interrogans serovar hardjo. Along with 
metadata collected, we estimate the seroprevalence and identify the 
associated risk factors for exposure to each infection in these cattle 
populations in Cameroon.

2  | MATERIAL S AND METHODS

2.1 | Study design

This project was part of a larger project focussed on increas-
ing understanding of bovine tuberculosis (bTB) and liver fluke in 
Cameroonian cattle populations, with the original justification of 
study designs described elsewhere (Kelly et al., 2016). We utilize bo-
vine serum samples, animal and herd data from this project to inves-
tigate the seroprevalence of bacterial zoonoses and associated risk 
factors in Cameroonian cattle populations. The study sites were the 
North West Region (NWR) and Vina Division (VD) of the Adamawa 

Region of Cameroon (Figure 1). Cross- sectional studies sampled 
two pastoralist populations (NWR & VD) and three cooperatives 
of small- scale dairy farmers (NWR only). The Ministry of Livestock, 
Fisheries and Industrial Agriculture/Ministere de l'Elevage des 
Peches et Industries Animales (MINEPIA) provides veterinary ser-
vices through local veterinary technicians stationed at Zootechnical 
and Veterinary Sanitary Control Centres (ZVSCC) distributed all 
across the country (Kelly, 2017). MINEPIA cattle population records 
were the basis for sample frames. Sampling was conducted between 
January– May 2013 in the NWR and September- November 2013 in 
the VD, respectively.

Pastoral cattle populations in the NWR and VD were estimated 
to be 506,548 and 176,257, respectively, from vaccination records 
collected by MINEPIA (Department & C. N. S, 2012). The pastoral 
cattle population eligible for sampling were herds listed in vaccina-
tion records at 81 ZVSCCs in the NWR and 31 ZVSCCs in the VD in 
2012. There were 5,053 cattle herds in the NWR and 1,927 in the 
VD, with a range of 1– 215 animals per herd. A population weighted 
stratified random sample of registered herds was sampled in each of 
the two study sites. The sample was stratified by sub- location within 
each administrative area, as seven Divisions in the NWR and eight 
sub- Divisions in the VD. The number of herds sampled from each 
sub- location was proportional to the total number of herds within 
that sub- location. The sample size for this bTB focussed project was 
based on a clustered random sample with an estimated animal- level 
bTB prevalence of ~10%, a within herd variance of 0.15 and between 
herd variance of 0.01, an average herd size of 70, a relative cost of 

F I G U R E  1   Map of Cameroon. The 
location of cattle rearing areas (light grey), 
study sites (pink and blue) and major cities 
(red)
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12:1 for herd:animal and relative error of ±15% (Survey Toolbox; 
AusVet) (Sergeant, 2015). This gave 1,399 pastoralist cattle; rounded 
to 1,500 for ease of selection, with a target sample size of 15 cattle 
per herd and 88 herds under the simplifying assumption of perfect 
test performance. A final sample was of 100 herds with 50 at each 
site. Within each herd, the 15 samples were stratified to each of 
three age classes: young (<2 years: dentition score (DS) 0), adult (≥2 
and <5 years: DS 1– 4) and old (≥5 years: DS 5). If there were insuf-
ficient animals of one age group, additional animals of any age were 
sampled.

The sampling frame for the dairy cattle population was based 
on the 2012 registration lists of small- scale dairy farmers held by 
MINEPIA, with addresses obtained from the NWR office in Bamenda 
(Kelly, 2017). In total, 164 farmers and 492 cattle from the three 
main cooperatives were included in the sampling frame. For simplic-
ity, a random sample of cattle was selected based on the assump-
tions of perfect tests and a bTB prevalence of 6% (Egbe et al., 2016). 
As the majority of farmers only had one or two adult cattle, 46 farm-
ers were randomly selected proportional to the number of farmers 
in each cooperative.

2.2 | Data collection

Pastoral herds were visited either at a site where the cattle grazed 
or were handled. Dairy herds were visited at the homestead. A local 
translator explained the project to the pastoralist herdsman or dairy 
farmer in either Foulfulde, Pidgin English or French. Individuals were 
asked to give verbal consent to participating in the study in the lan-
guage in which they were most comfortable.

All data were initially recorded onto paper forms, which were 
later transferred into a relational Access database (Microsoft 
Access®). From each herd, 15 animals were selected by the same 
local translator. The local translator was unaware of individual an-
imal's health status and selected animals nearest to sample. The 
total number of cattle present and location using GPS coordinates 
(using Garmin eTrex® Venture) was recorded. All sampled animals 
were then examined by the same veterinarian, with data recorded 
at an individual animal level to accompany samples. Animal data 
collection included recording animal signalment (sex, age by denti-
tion, breed, body condition score [BCS]) if anthelmintic treatment 
had been administered in the previous 12 months. The method for 
ageing by dentition and BCS was carried out on 5- point scales (Egbe 
et al., 2016). Cattle breeds were based on phenotypic appearance, 
for Bos indicus (Fulani and Gudali) and Bos taurus (Holstein Friesian) 
breeds. ‘Mixed breed’ cattle were defined as cattle that had the 
phenotypic appearance of mixed Bos indicus breeding. Plain and 
heparinized blood samples were collected from the jugular or tail 
vein prior processing. A herd- level questionnaire was administered 
by interview in the respondents preferred language. The question-
naire collected herd- level data on husbandry and dairying practices, 
knowledge and awareness of infectious diseases (Appendix S1). The 

herd- level descriptive results have been published previously (Kelly 
et al., 2016).

2.3 | Diagnostic tests for zoonoses in cattle

The laboratory work described in this paper was conducted after 
the bTB project was completed. After collection, all serum samples 
were heat treated at 56°C for 120 min and stored at −20°C until 
tested. Screening for Brucella spp. (B. abortus, B. melitensis and B. suis) 
exposure was conducted using the ID Screen® Brucellosis Serum 
Indirect Multi- species ELISA (ID.Vet, n.d.- a). In brief, 11 μl of each 
serum sample was diluted to 1:20 with the provided dilution buffer. 
The diluted sample was added to a well on the purified Brucella LPS 
coated microplate and incubated at 21°C for 45 min. The microplate 
was washed three times with 300 μl of wash solution, and 100 μl of 
supplied conjugate was added for 30 min at 21°C. Using the same 
method, the microplate was washed again and 100 μl of substrate 
solution was added to each well for 15 min at 21°C. To stop the reac-
tion, 100 μl of stop solution was added to each well and the micro-
plate was read at 450 nm. For a microplate to be considered valid, the 
mean of the duplicate positive (PC) and negative (NC) controls were 
calculated. For a microplate to pass, mean PC optical density (OD) 
needed to be >0.35 and the mean positive and negative OD ratio 
(ODPC/ODNC) needed to be >3. For each sample, the sample to 
positive ratio (S/P%) was calculated by (ODsample –  ODNC)/(ODPC 
– ODNC) × 100. The manufacturers suggest samples S/P% ≤ 110% 
are considered negative; S/P% > 110% and <120% are considered 
doubtful, and S/P% ≥ 120% are considered positive. For this study, 
samples S/P% < 120% are considered negative and S/P% ≥ 120% are 
considered positive.

Screening for C. burnetii exposure was conducted using the ID 
Screen® Q Fever Indirect Multi- species ELISA (ID.Vet, n.d.- b). Briefly, 
15 μl of each serum sample was diluted to 1:10 with the provided 
dilution buffer. The diluted sample was added to a well on the 
C. burnetii phase I and II strain coated microplate. The ELISA, vali-
dation and S/P% methods were the same as described for Brucella 
spp. ELISA. The manufacturers suggest samples S/P% ≤ 40% are 
considered negative S/P% 40% and ≤50% are considered doubtful 
and S/P% ≥ 50% are considered positive. For this study, samples 
S/P% ≤ 50% are considered negative and S/P% > 50% are consid-
ered positive.

Screening for L. hardjo exposure was conducted using the 
PrioCHECK® L. hardjo Indirect ELISA (Thermo Fisher, n.d.). In brief, 
10 μl of each serum sample was diluted to 1:200 with the provided 
dilution buffer. The diluted sample was added to a well on the inacti-
vated Leptospira interrogans serovar hardjo antigen coated microplate 
and incubated at 37°C for 60 min. The microplate was washed six 
times with 300 μl of wash solution, and 100 μl of supplied conjugate 
was added for 60 min at 37°C. Using the same method, the micro-
plate was washed again and 100 μl of chromogen substrate solution 
was added to each well for 15 min at 22°C. To stop the reaction, 
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100 μl of stop solution was added to each well and the microplate 
was read at 450 nm. For diagnostic interpretation, per cent positiv-
ity (PP) was calculated for each reference and sample well (OD test 
well/OD reference sample 1 × 100). For a microplate to be consid-
ered valid, duplicated reference wells needed to meet specific crite-
ria including: blank well mean OD <0.150, reference serum 1 mean 
OD ≥1.0, reference serum 2 mean PP <20, reference serum 3 mean 
PP ≥20 and <60. The manufacturers suggest samples PP <20% are 
considered negative, PP ≥20% and ≤45% are considered inconclu-
sive and PP >45% are considered positive. For this study, samples PP 
<20% are considered negative and PP ≥20% are considered positive.

2.4 | Statistical analysis

All statistical analyses were performed using packages and functions 
in R version 3.6.1 (RStudio Team, 2020). Graphics were produced 
using the ggplot2 package (Wickham, 2009). Spatial data were dis-
played using QGIS 2.2® (Team & Q. D., 2009) or tidyverse collec-
tion of R packages (Hadley Wickham, 2017) and shape files obtained 
from the GADM database of Global Administrative Areas (www.
gadm.org). The structure of the pastoralist survey was incorporated 
into analyses using the svydesign, confint and svyby functions in the 
survey package (Lumley, 2004). This allowed the stratified study 
designs to be accounted for in descriptive statistics by taking into 
account proportional sampling by number of herds in each study 
site sub- location (NWR by division and VD by subdivision) and ac-
counting for herd clustering of sampled animals. For reporting, cat-
tle BCS variable was collapsed to thin (1– 2), moderate (3) and fat 
(4– 5) categories. Dentition score was collapsed to young (<2 years: 
DS 0), adult (≥2 and <5 years: DS 1– 4) and old adult (≥5 years: DS 
5). Confidence intervals (CI) are reported at 95% level throughout. 
Specific differences in sample statistics were identified by non- 
overlapping CIs (Schenker & Gentleman, 2001).

Mixed effect multivariable logistic regression (MLR) models 
were used to investigate dichotomous test outcome (seropositive 
or seronegative) for exposure to each pathogen at the individual 
animal level. Logistic regression models were developed using the 
R package stats (R Core Team, 2019) and lme4 (Bates et al., 2015). 
Univariable analysis was used to screen the biologically plausi-
ble explanatory variables (Kleinbaum & Klein, 2010). Potential risk 
factors at individual, herd and ecological level were investigated 
as explanatory variables. Ecological variables from three sources 
were recentred around zero and normalized their distribution prior 
analysis, using log transformation: log(x)−min(log(x)) (Appendix S2). 
Explanatory variables were included in final MLR model selection 
if their p value <0.2 (Kleinbaum & Klein, 2010). Potential biological 
correlations were assessed by calculating the phi coefficient using 
the psych package (Revelle, 2020). If phi was ≥0.5, two variables 
were considered correlated and the explanatory variable with the 
highest p value was selected. To account for the study design, herd 
was included as a random effect and study site as a fixed effect in 
all multivariable models. Backwards stepwise selection using the 

Akaike information criterion (AIC) (Dohoo et al., 2009) was used for 
parsimonious model selection (Appendix S3). As part of this process, 
interactions between variables included as fixed effects were inves-
tigated throughout the model building process including age, sex and 
study site.

2.5 | Ethical statement

The study was reviewed and approved by the University of Edinburgh 
Ethics Committee, UK (ERC No: OS02- 13), and by the Institute of 
Research and Development (IRAD), Cameroon. All participants gave 
informed verbal consent to the translator before participating and 
could opt out at any stage.

3  | RESULTS

3.1 | Cattle sample

In total, 100 pastoralist herds were recruited: 50 in the NWR and 
50 in the VD. Of these 100, 23 were replacements from the same 
ZVSCC for herds that declined or were unable to participate in the 
study. All 46 selected dairy farmers participated, and none were re-
placed. In total, 750 pastoral cattle were sampled from 50 herds (15 
per herd) in the NWR and 748 pastoral cattle from 50 herds (14– 15 
per herd) in the VD in the pastoral cattle study. In the dairy cross- 
sectional study, 60 cattle (1– 4 per herd) were sampled from 46 dairy 
farmers. Herd- level data used for risk factor analysis have been pub-
lished previously (Kelly et al., 2016) and are described in detail in 
Appendix S1.

For pastoral cattle, there were equal numbers of male and fe-
males in the young age group (DS 0) and mainly females in the 
adult groups (Table 1). As the dairy herds were all very small, all 
animals in a herd were sampled, so there was no age structure to 
the sampling. Consequently, the sample represented the age of 
the dairy population and these were mainly adult female animals 
(Table 1 and Figure 2). Pastoral cattle in the NWR had lower BCSs 
than both those in the VD and the dairy cattle. The majority of 
dairy animals had been treated with an anthelmintic in the previ-
ous 12 months, compared to less than half those in pastoral herds 
(Table 1).

3.2 | Seroprevalence of zoonotic infections

For pastoral cattle, Brucella spp. animal- level seroprevalence was 
higher in NWR compared to VD. No differences were noted in 
C. burnetii seroprevalence between the two study sites. L. hardjo 
seroprevalence was considerably higher than either Brucella spp. or 
C. burnetii seroprevalences in the NWR and VD (Table 2). The ad-
justed animal- level seroprevalences by administrative area are given 
in Figure 3 with positive herds highlighted (at least 1 positive animal 

http://www.gadm.org
http://www.gadm.org
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per herd). When investigated by age group, C. burnetii and L. hardjo 
seroprevalences were higher in adult compared to young cattle 
(Figure 4). A number of pastoral cattle were co- exposed to each zo-
onoses (Figure 5), with adult age groups more frequently exposed to 
C. burnetii and L. hardjo.

For dairy cattle, there were no differences in seroprevalence 
for the 3 bacterial zoonoses. Compared to pastoral cattle, Brucella 
spp. seroprevalence was similar to pastoral cattle but much lower for 

C. burnetii and L. hardjo. Seropositivity in dairy cattle was not associ-
ated with age as the majority were adults (Table 1).

3.3 | Risk factors for zoonotic infections

For each zoonosis, following an initial univariable screening 
(Appendix S2), a multivariable mixed effects model was developed 

TA B L E  1   Descriptive summary of pastoral and dairy cattle samples

North west region n = 750 (95% 
CI) Vina division n = 748 (95% CI) Dairy n = 60 (95% CI)

Sex

Male 29.7% (26.8%– 32.7%) 26.5% (22.7%– 30.8%) 1.7% (0.0%– 4.9%)

Female 70.3% (67.3%– 73.2%) 73.5% (69.2%– 77.3%) 98.3% (95.1%– 100%)

Age (by dentition score [DS])

Young (<2 years: DS 0) 30.8% (28.5%– 33.2%) 30.4% (27.4%– 33.6%) 3.3% (0.0%– 7.9%)

Adult (≥2 and <5 years: DS 1– 4) 66.9% (64.0%– 69.7%) 66.8% (63.4%– 70.0%) 88.3% (80.1%– 96.5%)

Old adult (≥5 years: DS 5) 2.3% (1.2%– 4.1%) 2.7% (1.7%– 4.2%) 8.3% (1.2%– 15.4%)

Breed

Holstein Friesian 0.0% (0.0%– 0.5%) 0.0% (0.0%– 0.5%) 98.3% (95.1%– 100%)

Gudali 0.0% (0.0%– 0.5%) 83.5% (78.1%– 88.8%) 0.0% (0.0%– 6.0%)

Mixed breed 63.9% (54.6%– 72.2%) 14.6% (10.0%– 20.7%) 0.0% (0.0%– 6.0%)

Fulani 36.1% (27.8%– 45.4%) 2.0% (0.9%– 4.1%) 0.0% (0.0%– 6.0%)

Body condition score (BCS)

Thin (1– 2) 58.1% (53.8%– 62.3%) 24.2% (20.8%– 28.0%) 25.0% (14.0%– 36.0%)

Moderate (3) 37.0% (33.4%– 40.8%) 56.4% (53.0%– 59.8%) 50.0% (37.2%– 62.8%)

Fat (4– 5) 4.9% (3.1%– 7.5%) 19.3% (15.9%– 23.1%) 25.0% (14.0%– 36.0%)

Anthelmintic treatment in the past 12 months

Treated 47.3% (39.2%– 55.4%) 30.9% (25.3%– 37.1%) 100.0% (94.0%– 100%)

F I G U R E  2   Proportions of cattle sample by dentition score, sex and by study site grouping. (a) NWR pastoral cattle (n = 750), (b) VN 
pastoral cattle (n = 748), (c) NWR dairy cattle (n = 60)
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to identify and quantify animal, husbandry and ecological factors 
associated with seropositivity of pastoral cattle (Appendix S3). 
The final model indicated that owning or rearing sheep and fencing 
cattle at night were all associated with an increased odds of being 
Brucella spp. seropositive (Table 3). Being positive for C. burnetii was 
significantly associated with an increased odds of being positive for 
L. hardjo and vice versa (Tables 4 And 5). In other words, animals 
were more likely than chance to be seropositive for both these in-
fections than to one or the other. Adult cattle (those over two years 
old) were at increased odds of being seropositive to both C. burnetii 
and L. hardjo. For C. burnetii, decreased precipitation and increased 
tree density increased the odds of seropositivity. For L. hardjo, un-
dertaking transhumance was protective and decreased the odds 
of seropositivity. For each final model, the proportion of the vari-
ance explained by herd- level sampling structure (random effects) 
was assessed by calculating the interclass correlation coefficient 
(Appendix S3). The proportion of variance accounted for was small 
(ranged between 0.021 and 0.137), and removal did not improve 
model performance.

For dairy cattle, risk factors were not investigated given the low 
seroprevalence and the little variation in husbandry practices be-
tween herds.

4  | DISCUSSION

We highlighted that Brucella spp., C. burnetii and L. hardjo continue to 
circulate in pastoral herds and were able to identify risk factors asso-
ciated with cattle seropositivity in Cameroon. We also detected ex-
posure to Brucella spp. and L. hardjo in dairy cattle. Although we used 
historically collected samples, this is the most recent comprehensive 
surveillance of cattle exposure to bacterial zoonoses in Cameroon. 
This study highlights the benefit of long- term storage of biological 
samples collected from field studies for infectious disease surveil-
lance in livestock in resource- limited settings.

Previous estimates of Brucella spp. seroprevalence in pastoral cat-
tle in Cameroon (estimated individual animal prevalence in the NWR 
(4.4%) (Kong et al., 2016), Adamawa (3.1%– 11.5%) (Awah- Ndukum, 
Mouiche, Bayang, et al., 2018; Scolamacchia et al., 2010) and North 
Regions (6.1%) (Awah- Ndukum, Mouiche, Bayang, et al., 2018)) 
and other Central- West African countries (Chad (7%) (Schelling 
et al., 2003), Niger (0.5%– 4.6%) (Razac Boukary et al., 2013) and Togo 
(7.3%– 9.2%) (Dean et al., 2013)) were similar to our study estimates. 

Although one study from Nigeria showed higher estimates of 15.9%– 
45.1% (Ducrotoy et al., 2014), highlighting the potential increased 
local significance. Close contact with bovines has been identified 
in pastoral systems elsewhere in SSA as a risk factor for exposure 
to Brucella spp. For example, association is reported with increased 
herd size, increased contact between herds, shared grazing and con-
tact with buffalos (McDermott & Arimi, 2002). In our study, fencing 
pastoral cattle at night was identified as a risk factor for exposure to 
Brucella spp., potentially due to increased close contact with infected 
cattle. Keeping sheep was also associated with Brucella spp. seropos-
itivity. Brucella spp. infections are commonly attributed to B. abortus 
and B. melitensis in cattle and small ruminants, respectively (Rubach 
et al., 2013). Pastoralists commonly co- graze these species together 
and transmission of B. abortus to sheep has been reported where the 
two species co- graze (McDermott & Arimi, 2002). The same is not 
usually true for B. melitensis which is usually restricted to small ru-
minants in SSA (Sanogo et al., 2013). However, a recent unpublished 
study sampling cattle and sheep in central Cameroon detected both 
B. abortus and B. melitensis in both species (Mitterran et al., 2020). 
As around 30% of cattle keepers in this study (both pastoral and 
dairy) kept small ruminants with their cattle (Kelly et al., 2016), these 
mixed populations could act as sources of infection for each other, 
especially if birthing within the same environments.

A review of C. burnetii in cattle populations in SSA reported a 
higher seroprevalence in cattle populations in West and North 
Africa (18%– 55%) compared to the rest of the continent (≤13%) 
(Vanderburg et al., 2014). We have reported a prevalence at the low 
end of this estimate and much lower than the previous estimate of 
31% (Scolamacchia et al., 2010).

For C. burnetii, we found an association with decreased pre-
cipitation and denser forested environments. Coxiella burnetii is 
spread through ticks (Hornok et al., 2014; Mtshali et al., 2015; Reye 
et al., 2012) and can be found in high concentrations in humid for-
ested environments (Silatsa et al., 2019). The organism can also per-
sist for long periods in dry environments. It could be postulated that 
animals may be more exposed to C. burnetii in these environmen-
tal conditions. Leptospira hardjo seroprevalence was previously re-
ported to be high in cattle populations sampled in Tanzania (30.3%) 
(Schoonman & Swai, 2010), Kenya (23.5%) (Nthiwa et al., 2019) 
and in Madagascar (20% detected by qPCR in slaughtered cattle) 
(Rahelinirina et al., 2019). Seroprevalence of L. hardjo in the pasto-
ral cattle was similar to previous estimates in the Adamawa Region 
of Cameroon (Scolamacchia et al., 2010) and other regions in SSA. 

North west region n = 750 
(95% CI)

Vina division n = 748 
(95% CI)

Dairy n = 60 
(95% CI)

Brucella spp. 4.2% (2.5%– 7.0%) 1.1% (0.5%– 2.4%) 5.0% 
(0.0%– 10.6%)

C. burnetii 14.6% (11.8%– 18.0%) 12.4% (9.6%– 15.9%) 0.0% 
(0.0%– 6.0%)

L. hardjo 30.7% (26.3%– 35.5%) 35.9% (31.3%– 40.7%) 1.7%, 
(0.0%– 4.9%)

TA B L E  2   Summary of seroprevalence 
in of pastoral and dairy cattle samples
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F I G U R E  3   Map study site by sub- 
location prevalence for pastoral cattle 
(subfigure a, c, e: NWR n = 750. b, d, f: VD 
n = 748). a– b: Brucella spp., c– d: Coxeilla 
burnetii and e– f: Leptospira interrogans 
serovar hardjo. Positive herds have at least 
one infected animal per herd

F I G U R E  4   Relationship between prevalence and age in pastoral cattle (n = 1,498). (a) Brucella spp., (b) Coxeilla burnetii and (c) L. hardjo
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Our study identified transhumance to be protective for exposure to 
Leptospira spp at a herd level, which was also observed in a previous 
study (Mazeri et al., 2012). Leptospira hardjo is usually transmitted 
through direct or indirect contact with infected urine and through 
sharing contaminated stagnant water sources. For example, trans-
humance may decrease contact with urine by sharing of large rapidly 
moving freshwater bodies, such as streams and rivers (Appendix S1).

Exposure to C. burnetii and L. hardjo was common in pastoral cat-
tle. Increasing age was identified as a risk factor for seropositivity 
to both pathogens, almost certainly due to accumulating opportu-
nity for exposure (Mazeri et al., 2012). Considering the risk factors 
identified in this study, managing cattle in a manner where they are 
in close contact with one another in confined spaces could increase 
their exposure to either of these infections, although this work does 
not offer any evidence for a direct link to mechanisms for shared risk 
of co- infection and further work is needed.

In the dairy cattle, exposure to Leptospira spp. was much lower 
than that observed in the pastoral herds (1.7%, CI: 0.0%– 4.9%) and 
we did not detect exposure to C. burnetii, suggesting that manage-
ment of dairy herds reduces their exposure to these pathogens. 
Smallholder dairy cattle have been managed separately from pastoral 
cattle as dairy cooperatives for several decades with minimal cross-
breeding. They are managed very differently to pastoral cattle with 
as much as 97.8% of dairy cattle being housed (Kelly et al., 2016). 
Such zero grazed systems may be protective against exposure to 
C. burnetii through limiting contact with potential tick vectors. In this 
study, dairy cattle are mainly provided water in troughs, compared 
to natural water sources for pastoral cattle (Kelly et al., 2016). Lower 
prevalence for L. hardjo in dairy cattle may be associated with the 
way dairy cattle are given water as transmission is often associated 
with large bodies of water, such as flooded grazing (Schoonman & 
Swai, 2010).

Like many SSA countries, Cameroon is yet to undertake co-
ordinated control measures against these zoonoses in livestock 
populations, unlike in many high- income countries. Although our 
study samples were collected in 2013, in the absence of national 
control measures, it is likely that these bacterial zoonoses are still 
likely circulating within cattle populations in Cameroon. With in-
creasing demand for dairy products (Bayemi et al., 2005) and size 
of the cattle population (Department & C. N. S, 2012), increased 
contact between individual cattle through intensification is likely 
to accelerate risk of transmission. Consequently, keepers of these 
animals and the consumers of their products are at risk of becom-
ing infected with these zoonotic pathogens. In Cameroon, there 
are reports that hospital patients presenting with chronic fever 

F I G U R E  5   Ribbon plot to represent the relationship between 
zoonoses co- exposure and age in pastoral cattle (n = 1,498). Each 
white bar represents the number of animals positive or negative 
for each zoonosis. Coloured ribbons represent the number of 
animals by age group by zoonosis. The width of each coloured 
ribbon connecting two bars represents the number of animals 
by co- infection combination
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Model
brucPN ~ SHEEPO + FENCEC + strata1 + (1|HER_ID)
Binary outcome: Brucella spp. seropositive.

Variable Level OR (95% CI) p value

Keep or rear sheep No Ref <.01

Yes 3.85 (1.68– 8.82)

Fencing cattle in at night No Ref <.01

Yes 3.06 (1.33– 7.06)

Study site North west region Ref .03

Vina Division 0.34 (0.13– 0.88)

Note: Outcome variable: Brucella spp. seropositivity (brucPN). Explanatory variables included as 
fixed effects include Keep or rear sheep (SHEEPO); Fencing cattle in at night (FENCEC); Study site 
(strata1). Herd identifier (HER_ID) was included as random effect.

TA B L E  3   Final MLR model factors 
associated with Brucella spp. seropositivity 
in pastoral cattle (n = 1,498)
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(which can be caused by livestock associated bacterial infections) 
are often misdiagnosed as malaria (Parsel et al., 2017). Despite bac-
terial zoonoses potentially contributing to differential diagnoses 
for chronic fever, there remains a disconnect between human and 
animal studies with very few studies describing the epidemiology 
of livestock- originated zoonoses in people. In the Adamawa Region 
of Cameroon, an abattoir- based study demonstrated exposure to 
Brucella spp. in both abattoir workers (5.6%) and pregnant women 
(0.28%). These people were assumed to have become infected at 
their work during slaughter of animals (abattoir workers) or through 
consumption of milk (pregnant women) (Awah- Ndukum, Mouiche, 
Kouonmo- Ngnoyum, et al., 2018). There is currently no information 
available about human exposure levels to C. burnetii or L. hardjo 
specifically in cattle keeping communities. Consequently, there is a 

need for multispecies surveillance studies to understand transmis-
sion dynamics, having the potential to highlight the significance of 
transmission between humans, cattle, other livestock and wildlife 
(Fèvre et al., 2017; Simpson et al., 2018). Such studies could assist 
developing consistent public health messaging campaigns to warn 
people of the risks, for example, the importance of safe disposal 
of placenta when handling animals, their carcasses and the impor-
tance of hygienic milk processing practices.
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TA B L E  4   Final MLR model factors associated with C. burnetii seropositivity in pastoral cattle (n = 1,498)

Model
QfevPN ~ ANIDEN + LeptoPN + tPrecipR + TreeR + strata1 + (1|HER_ID)
Binary outcome: C. burnetii seropositive.

Variable Level OR (95% CI) p value

Age (by dentition score [DS]) Young (<2 years: DS 0) Ref

Adult (≥2 and <5 years: DS 1– 4) 3.12 (2.00– 4.85) <.01

Old adult (≥5 years: DS 5) 2.37 (0.83– 6.76) .11

L. hardjo seropositivity Negative Ref

Positive 1.82 (1.33– 2.49) <.01

Precipitation (mm/month) 0.78 (0.66– 0.94) <.01

Tree density (total area of trees within 5 km) 2.06 (1.18– 3.58) .01

Study site North west region Ref

Vina division 0.82 (0.58– 1.15) .25

Note: Outcome variable: C. burnetii seropositivity (QfevPN). Explanatory variables included as fixed effects include Age (ANIDEN); L. hardjo 
seropositivity (LeptoPN); Precipitation (tPrecipR); Tree density (TreeR); Study site (strata1). Herd identifier (HER_ID) was included as random effect.

Model
QfevPN ~ ANIDEN + LeptoPN + TRACAT + strata1 + (1|HER_ID)
Binary outcome: C. burnetii seropositive.

Variable Level OR (95% CI) p value

Age (by dentition score 
[DS])

Young (<2 years: DS 0) Ref

Adult (≥2 and <5 years: DS 1– 4) 3.53 (2.63– 4.73) <.01

Old adult (≥5 years: DS 5) 3.40 (1.60– 7.24) <.01

C. burnetii seropositivity Negative Ref

Positive 1.83 (1.32– 2.52) <.01

Undertake transhumance No Ref

Yes 0.65 (0.44– 0.97) .04

Study site North west region Ref

Vina division 1.08 (0.77– 1.52) .65

Note: Outcome variable: L. hardjo seropositivity (LeptoPN). Explanatory variables included as 
fixed effects include Age (ANIDEN); C. burnetii seropositivity (QfevPN); Undertake transhumance 
(TRACAT); Study site (strata1). Herd identifier (HER_ID) was included as random effect.

TA B L E  5   Final MLR model factors 
associated with Leptospira interrogans 
serovar hardjo seropositivity in pastoral 
cattle (n = 1,498)



     |  11KELLY Et aL.

CONFLIC T OF INTERE S T
The authors and participants in this study have no conflict of interest.

AUTHORS'  CONTRIBUTION
MB, LN and VT conceived the original project; RK, KM, LN, IH, VT, 
SH, MS and EN designed the field study, the databases and the sur-
vey instrument; RK, EN, VN, VT, KM and MB developed the field 
SOPs and collected the data; JH, RK and AJ conducted laboratory 
work; RK, MB and AM cleaned the initial data set; RK, AJ, MB, IH, 
SM and PB contributed to the analysis; RK and AJ were responsible 
for writing the initial drafts. All authors contributed comments for 
the final draft.

ORCID
Robert F. Kelly  https://orcid.org/0000-0002-0946-1490 

R E FE R E N C E S
Awah- Ndukum, J., Mouiche, M. M. M., Bayang, H. N., Ngwa, V. 

N., Assana, E., Feussom, K. J. M., Manchang, T. K., & Zoli, P. A. 
(2018). Seroprevalence and Associated Risk Factors of Brucellosis 
among Indigenous Cattle in the Adamawa and North Regions of 
Cameroon. Veterinary Medicine International, 2018, 1– 10. https://doi.
org/10.1155/2018/3468596

Awah- Ndukum, J., Mouiche, M. M. M., Kouonmo- Ngnoyum, L., Bayang, 
H. N., Manchang, T. K., Poueme, R. S. N., Kouamo, J., Ngu- Ngwa, V., 
Assana, E., Feussom, K. J. M., & Zoli, A. P. (2018). Seroprevalence 
and risk factors of brucellosis among slaughtered indigenous cattle, 
abattoir personnel and pregnant women in Ngaoundéré, Cameroon. 
BMC Infectious Diseases, 18(1), 611. https://doi.org/10.1186/s1287 
9- 018- 3522- x

Bates, D., Machler, M., Bolker, B., & Walker, S. (2015). Fitting linear 
mixed- effects models using {lme4}. Journal of Statistical Software, 
1(67), 1– 48. https://doi.org/10.18637/ jss.v067.i01

Bayemi, P. H., Bryant, M. J., Perera, B. M. A. O., Mbanya, J. N., Cavestany, 
D., & Webb, E. C. (2005). Milk production in Cameroon: A review. 
Livestock Research for Rural Development, 17(6), 1.

Boukary, A. R., Saegerman, C., Abatih, E., Fretin, D., Alambédji Bada, 
R., De Deken, R., Harouna, H. A., Yenikoye, A., & Thys, E. (2013). 
Seroprevalence and potential risk factors for Brucella spp. infec-
tion in traditional cattle, sheep and goats reared in urban, periur-
ban and rural areas of Niger. PLoS One, 8(12), e83175. https://doi.
org/10.1371/journ al.pone.0083175

Colville, J. L., & Berryhill, D. L. (2007). Leptospirosis. In Handbook of 
Zoonoses (pp. 103– 107). Elsevier. https://doi.org/10.1016/B978- 0- 
323- 04478 - 3.50029 - 4

Dadar, M., Fakhri, Y., Shahali, Y., & Mousavi Khaneghah, A. (2020). 
Contamination of milk and dairy products by Brucella species: A global 
systematic review and meta- analysis. Food Research International, 
128, 108775. https://doi.org/10.1016/j.foodr es.2019.108775

Dean, A. S., Bonfoh, B., Kulo, A. E., Boukaya, G. A., Amidou, M., 
Hattendorf, J., Pilo, P., & Schelling, E. (2013). Epidemiology of 
Brucellosis and Q Fever in Linked Human and Animal Populations 
in Northern Togo. PLoS One, 8(8), e71501. https://doi.org/10.1371/
journ al.pone.0071501

Department, C. N. S (2012). Cameroon Culture Statistics. 
Retrieved from http://www.stati stics - camer oon.org/manag 
er.php?id=11&id2=71&link=8

Dessie, T., & Okeyo Mwai, A. (2019). The story of cattle in Africa: Why di-
versity matters. ILRI, Rural Development Administration, Republic of 
Korea and AU- IBAR. https://cgspa ce.cgiar.org/handl e/10568/ 108945

Dohoo, I., Martin, W., & Stryhn, H. (2009). Logistic regression. In Veterinary 
Epidemiologic Research (2nd ed., pp. 395– 426). VER Inc.

Ducrotoy, M., Bertu, W. J., Matope, G., Cadmus, S., Conde- Álvarez, R., 
Gusi, A. M., Welburn, S., Ocholi, R., Blasco, J. M., & Moriyón, I. (2017). 
Brucellosis in Sub- Saharan Africa: Current challenges for manage-
ment, diagnosis and control. Acta Tropica, 165, 179– 193. https://doi.
org/10.1016/j.actat ropica.2015.10.023

Ducrotoy, M. J., Bertu, W. J., Ocholi, R. A., Gusi, A. M., Bryssinckx, W., 
Welburn, S., & Moriyón, I. (2014). Brucellosis as an emerging threat 
in developing economies: Lessons from Nigeria. PLoS Neglected 
Tropical Diseases, 8(7), e3008. https://doi.org/10.1371/journ 
al.pntd.0003008

Egbe, N. F., Muwonge, A., Ndip, L., Kelly, R. F., Sander, M., Tanya, 
V., Ngwa, V. N., Handel, I. G., Novak, A., Ngandalo, R., Mazeri, S., 
Morgan, K. L., Asuquo, A., & Bronsvoort, B. M. D. C. (2016). Abattoir- 
based estimates of mycobacterial infections in Cameroon. Nature 
Scientific Reports, 6:24320. https://doi.org/10.1038/srep2 4320

El Zowalaty, M. E., Asante, J., & Noreddin, A. (2019). Systematic review 
of important bacterial Zoonoses in Africa in the last decade in light of 
the “one health” concept. Pathogens. MDPI AG, 8(2), 50. https://doi.
org/10.3390/patho gens8 020050

FAO (2020). Animal Agriculture in Africa: Opportunities for Growth. 
Retrieved September 4, 2020, from http://www.fao.org/ag/again fo/
home/en/news_archi ve/2011_Animal_Agric ulture_in_Africa.html

Fèvre, E. M., de Glanville, W. A., Thomas, L. F., Cook, E. A. J., Kariuki, S., 
& Wamae, C. N. (2017). An integrated study of human and animal 
infectious disease in the Lake Victoria crescent small- holder crop- 
livestock production system, Kenya. BMC Infectious Diseases, 17(1), 
457. https://doi.org/10.1186/s1287 9- 017- 2559- 6

Frantz, C. (1993). Are the Mbororo'en boring, and are the fulbe finished? 
Senri Ethnological Studies, 35, 11– 34.

Gebreyes, W. A., Dupouy- Camet, J., Newport, M. J., Oliveira, C. J. B., 
Schlesinger, L. S., Saif, Y. M., Kariuki, S., Saif, L. J., Saville, W., Wittum, 
T., Hoet, A., Quessy, S., Kazwala, R., Tekola, B., Shryock, T., Bisesi, 
M., Patchanee, P., Boonmar, S., & King, L. J. (2014). The global one 
health paradigm: challenges and opportunities for tackling infec-
tious diseases at the human, animal, and environment interface in 
low- resource settings. PLoS Neglected Tropical Diseases, 8(11), e3257. 
https://doi.org/10.1371/journ al.pntd.0003257

Hornok, S., Abichu, G., Meli, M. L., Tánczos, B., Sulyok, K. M., Gyuranecz, 
M., Gönczi, E., Farkas, R., & Hofmann- Lehmann, R. (2014). Influence 
of the biotope on the tick infestation of cattle and on the tick- borne 
pathogen repertoire of cattle ticks in Ethiopia. PLoS ONE, 9(9), 
e106452. https://doi.org/10.1371/journ al.pone.0106452

ID.Vet (n.d.- a). ID Screen® Brucellosis Serum Indirect Multi- species -  IDVet. 
Retrieved from https://www.id- vet.com/produ it/id- scree n- bruce 
llosi s- serum - indir ect- multi - speci es/. Accessed September 8, 2020.

ID.Vet (n.d.- b). ID Screen® Q Fever Indirect Multi- species -  IDVet. Retrieved 
from https://www.id- vet.com/produ it/id- scree n- q- fever - indir ect- 
multi - speci es/. Accessed September 8, 2020.

Kameni, A., Mbanya, N. J., Nfi, A., Vabi, M., Yonkeu, S., Pingpoh, D., & 
Moussa, C. (1999). Some aspects of the peri- urban dairy system in 
Cameroon. International Journal of Dairy Technology, 52(2), 63– 67. 
https://doi.org/10.1111/j.1471- 0307.1999.tb020 73.x

Kelly, R. F. (2017). The epidemiology of bovine tuberculosis and influence 
of liver fluke co- infection in Cameroon, Central Africa. University of 
Edinburgh.

Kelly, R. F., Hamman, S. M., Morgan, K. L., Nkongho, E. F., Ngwa, 
V. N., Tanya, V., Andu, W. N., Sander, M., Ndip, L., Handel, I. 
G., Mazeri, S., Muwonge, A., & Bronsvoort, B. M. D. C. (2016). 
Knowledge of bovine tuberculosis, cattle husbandry and dairy 
practices amongst pastoralists and small- scale dairy farmers in 
Cameroon. PLoS One, 11(1), e0146538. https://doi.org/10.1371/
journ al.pone.0146538

https://orcid.org/0000-0002-0946-1490
https://orcid.org/0000-0002-0946-1490
https://doi.org/10.1155/2018/3468596
https://doi.org/10.1155/2018/3468596
https://doi.org/10.1186/s12879-018-3522-x
https://doi.org/10.1186/s12879-018-3522-x
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1371/journal.pone.0083175
https://doi.org/10.1371/journal.pone.0083175
https://doi.org/10.1016/B978-0-323-04478-3.50029-4
https://doi.org/10.1016/B978-0-323-04478-3.50029-4
https://doi.org/10.1016/j.foodres.2019.108775
https://doi.org/10.1371/journal.pone.0071501
https://doi.org/10.1371/journal.pone.0071501
http://www.statistics-cameroon.org/manager.php?id=11&id2=71&link=8
http://www.statistics-cameroon.org/manager.php?id=11&id2=71&link=8
https://cgspace.cgiar.org/handle/10568/108945
https://doi.org/10.1016/j.actatropica.2015.10.023
https://doi.org/10.1016/j.actatropica.2015.10.023
https://doi.org/10.1371/journal.pntd.0003008
https://doi.org/10.1371/journal.pntd.0003008
https://doi.org/10.1038/srep24320
https://doi.org/10.3390/pathogens8020050
https://doi.org/10.3390/pathogens8020050
http://www.fao.org/ag/againfo/home/en/news_archive/2011_Animal_Agriculture_in_Africa.html
http://www.fao.org/ag/againfo/home/en/news_archive/2011_Animal_Agriculture_in_Africa.html
https://doi.org/10.1186/s12879-017-2559-6
https://doi.org/10.1371/journal.pntd.0003257
https://doi.org/10.1371/journal.pone.0106452
https://www.id-vet.com/produit/id-screen-brucellosis-serum-indirect-multi-species/
https://www.id-vet.com/produit/id-screen-brucellosis-serum-indirect-multi-species/
https://www.id-vet.com/produit/id-screen-q-fever-indirect-multi-species/
https://www.id-vet.com/produit/id-screen-q-fever-indirect-multi-species/
https://doi.org/10.1111/j.1471-0307.1999.tb02073.x
https://doi.org/10.1371/journal.pone.0146538
https://doi.org/10.1371/journal.pone.0146538


12  |     KELLY Et aL.

Kleinbaum, D. G., & Klein, M. (2010). Logistic Regression. Statistics for 
Biology and Health. https://doi.org/10.1007/978- 1- 4419- 1742- 3

Kong, A. T., Nsongka, M. V., Itoe, S. M., Hako, A. T., Leinyuy, I., & Kong, T. 
(2016). Seroprevalence of Brucella abortus in the Bamenda munici-
pal abattoir of the Western Highlands, of Cameroon. Greener Journal 
of Agricultural Sciences, 6(8), 245– 251. https://doi.org/10.15580/ 
GJAS.2016.8.08221 6135

Lumley, T. (2004). Analysis of complex survey packages. Journal of 
Statistical Science, 9(1), 1– 19.

Maze, M. J., Bassat, Q., Feasey, N. A., Mandomando, I., Musicha, P., & 
Crump, J. A. (2018). The epidemiology of febrile illness in sub- 
Saharan Africa: Implications for diagnosis and management. Clinical 
Microbiology and Infection, 24(8), 808– 814. https://doi.org/10.1016/j.
cmi.2018.02.011

Mazeri, S., Scolamacchia, F., Handel, I. G., Morgan, K. L., Tanya, V. N., & 
Bronsvoort, B. M. D. C. (2012). Risk factor analysis for antibodies to 
Brucella, Leptospira and C. burnetii among cattle in the Adamawa 
Region of Cameroon: A cross- sectional study. Tropical Animal Health 
and Production, 45(1), 617– 623. https://doi.org/10.1007/s1125 
0- 012- 0268- 0

McDermott, J. J., & Arimi, S. M. (2002). Brucellosis in sub- Saharan Africa: 
Epidemiology, control and impact. Veterinary Microbiology, 90(1– 4), 
111– 134. https://doi.org/10.1016/S0378 - 1135(02)00249 - 3

Mgode, G. F., Machang'u, R. S., Mhamphi, G. G., Katakweba, A., Mulungu, 
L. S., Durnez, L., Leirs, H., Hartskeerl, R. A., & Belmain, S. R. (2015). 
Leptospira Serovars for Diagnosis of Leptospirosis in Humans and 
Animals in Africa: Common Leptospira Isolates and Reservoir Hosts. 
PLOS Neglected Tropical Diseases, 9(12), e0004251. https://doi.
org/10.1371/journ al.pntd.0004251

Mitterran, K. N. R., Barberine, S. A., Oumarou, F., & Simo, G. (2020). 
Detection of Brucella abortus and Brucellla melitensis in cattle and sheep 
from southern Cameroon. Retrieved July 22, 2020, from https://www.
resea rchga te.net/publi catio n/34264 6973_Detec tion_of_Bruce lla_
abort us_and_Bruce llla_melit ensis_in_cattle_and_sheep_from_south 
ern_Cameroon

Motta, P., Porphyre, T., Handel, I., Hamman, S. M., Ngu Ngwa, V., Tanya, 
V., Morgan, K., Christley, R., & Bronsvoort, B. M. D. C. (2017). 
Implications of the cattle trade network in Cameroon for regional 
disease prevention and control. Scientific Reports, 7(1), 1– 13. https://
doi.org/10.1038/srep4 3932

Mtshali, K., Khumalo, Z. T. H., Nakao, R., Grab, D. J., Sugimoto, C., & 
Thekisoe, O. M. M. (2015). Molecular detection of zoonotic tick- 
borne pathogens from ticks collected from ruminants in four South 
African provinces. Journal of Veterinary Medical Science, 77(12), 
1573– 1579. https://doi.org/10.1292/jvms.15- 0170

Neta, A. V. C., Mol, J. P. S., Xavier, M. N., Paixão, T. A., Lage, A. P., & Santos, 
R. L. (2010). Pathogenesis of bovine brucellosis. The Veterinary 
Journal, 184(2), 146– 155. W.B. Saunders. https://doi.org/10.1016/j.
tvjl.2009.04.010

Njew, R. M., Kwinji, L. N., Gabache, A. L., & Tambi, E. N. (2002). 
Contributions of Heifer Project International (HPI) to small- scale dairy 
development in Cameroon. In Smallholder dairy production and mar-
keting-  opportunities and constraints. Nairobi. Retrieved from http://
ilri.org/infos erv/Webpu b/fulld ocs/South_South/ Theme5_2.htm

Nthiwa, D., Alonso, S., Odongo, D., Kenya, E., & Bett, B. (2019). Zoonotic 
pathogen seroprevalence in cattle in a wildlife- livestock interface, 
Kenya. EcoHealth, 16(4), 712– 725. https://doi.org/10.1007/s1039 3- 
019- 01453 - z

Otte, J., Pica- Ciamarra, U., & Morzaria, S. (2019). A comparative overview 
of the livestock- environment interactions in Asia and Sub- saharan 
Africa. Frontiers in Veterinary Science, 6, 37. https://doi.org/10.3389/
fvets.2019.00037

Parsel, S. M., Gustafson, S. A., Friedlander, E., Shnyra, A. A., Adegbulu, A. 
J., Liu, Y., Parrish, N. M., Jamal, S. A., Lofthus, E., Ayuk, L., Awasom, 
C., Henry, C. J., & McArthur, C. P. (2017). Malaria over- diagnosis in 

Cameroon: Diagnostic accuracy of fluorescence and staining tech-
nologies (FAST) malaria stain and LED microscopy versus Giemsa 
and bright field microscopy validated by polymerase chain reaction. 
Infectious Diseases of Poverty, 6(1), 1. https://doi.org/10.1186/s4024 
9- 017- 0251- 0

Pereira, C. R., Almeidaid, J. V. F. C., de Oliveira, I. R. C., de Oliveira, L. F., 
Pereira, L. J., Zangeronima, M. G., Lage, A. P., & Sales Dornelesid, E. 
M. (2020). Occupational exposure to Brucella spp.: A systematic review 
and meta- analysis. https://doi.org/10.1371/journ al.pntd.0008164

Prasad, N., Murdoch, D. R., Reyburn, H., & Crump, J. A. (2015). Etiology 
of severe febrile illness in low-  and middle- income countries: A sys-
tematic review. PLoS One, 10(6), e0127962. https://doi.org/10.1371/
journ al.pone.0127962

R Core Team (2019). R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing.

Rahelinirina, S., Moseley, M. H., Allan, K. J., Ramanohizakandrainy, 
E., Ravaoarinoro, S., Rajerison, M., & Telfer, S. (2019). Leptospira 
in livestock in Madagascar: Uncultured strains, mixed infections 
and small mammal- livestock transmission highlight challenges in 
controlling and diagnosing leptospirosis in the developing world. 
Parasitology, 146(14), 1707– 1713. https://doi.org/10.1017/S0031 
18201 9001252

Revelle, W. (2020). psych: Procedures for Psychological, Psychometric, and 
Personality Research. Northwestern University. R package version 
2.0.1. https://CRAN.Rproj ect.org/packa ge=psych

Reye, A. L., Arinola, O. G., Hübschen, J. M., & Muller, C. P. (2012). 
Pathogen Prevalence in Ticks Collected from the Vegetation and 
Livestock in Nigeria. Applied and Environmental Microbiology, 78(8), 
2562– 2568. https://doi.org/10.1128/AEM.06686 - 11

RStudio Team (2020). RStudio: Integrated development for R. RStudio. 
http://www.rstud io.org/

Rubach, M. P., Halliday, J. E. B., Cleaveland, S., & Crump, J. A. (2013). 
Brucellosis in low- income and middle- income countries. Current 
Opinion in Infectious Diseases, 26(5), 404– 412. https://doi.
org/10.1097/QCO.0b013 e3283 638104

Salmon, G., Teufel, N., Baltenweck, I., van Wijk, M., Claessens, L., & 
Marshall, K. (2018). Trade- offs in livestock development at farm 
level: Different actors with different objectives. Global Food Security, 
17, 103– 112. https://doi.org/10.1016/J.GFS.2018.04.002

Sanogo, M., Abatih, E., Thys, E., Fretin, D., Berkvens, D., & Saegerman, 
C. (2013). Importance of identification and typing of Brucellae from 
West African cattle: A review. Veterinary Microbiology, 164(3– 4), 
202– 211. Elsevier. https://doi.org/10.1016/j.vetmic.2013.02.009

Schelling, E., Diguimbaye, C., Daoud, S., Nicolet, J., Boerlin, P., Tanner, 
M., & Zinsstag, J. (2003). Brucellosis and Q- fever seroprevalences 
of nomadic pastoralists and their livestock in Chad. Preventive 
Veterinary Medicine, 61(4), 279– 293. https://doi.org/10.1016/j.preve 
tmed.2003.08.004

Schenker, N., & Gentleman, J. F. (2001). On judging the significance 
of differences by examining the overlap between confidence in-
tervals. The American Statistician, 55(3), 182– 186. https://doi.
org/10.1198/00031 30013 17097960

Schoonman, L., & Swai, E. S. (2010). Herd-  and animal- level risk factors 
for bovine leptospirosis in Tanga region of Tanzania. Tropical Animal 
Health and Production, 42(7), 1565– 1572. https://doi.org/10.1007/
s1125 0- 010- 9607- 1

Scolamacchia, F., Handel, I. G., Fèvre, E. M., Morgan, K. L., Tanya, V. N., 
& Bronsvoort, B. M. D. C. (2010). Serological patterns of brucello-
sis, leptospirosis and Q fever in Bos indicus cattle in Cameroon. PLoS 
One, 5(1), e8623. https://doi.org/10.1371/journ al.pone.0008623

Scott, P. R., Penny, C. D., & Macrae, I. M. (2011). Cattle Medicine (First 
Edit). Manson Publishing.

Sergeant, E. (2015). Epitools epidemiological calculators. AusVet Animal 
Health Services and Australian Biosecurity Cooperative Research Centre 
for Emerging Infectious Disease.

https://doi.org/10.1007/978-1-4419-1742-3
https://doi.org/10.15580/GJAS.2016.8.082216135
https://doi.org/10.15580/GJAS.2016.8.082216135
https://doi.org/10.1016/j.cmi.2018.02.011
https://doi.org/10.1016/j.cmi.2018.02.011
https://doi.org/10.1007/s11250-012-0268-0
https://doi.org/10.1007/s11250-012-0268-0
https://doi.org/10.1016/S0378-1135(02)00249-3
https://doi.org/10.1371/journal.pntd.0004251
https://doi.org/10.1371/journal.pntd.0004251
https://www.researchgate.net/publication/342646973_Detection_of_Brucella_abortus_and_Brucellla_melitensis_in_cattle_and_sheep_from_southern_Cameroon
https://www.researchgate.net/publication/342646973_Detection_of_Brucella_abortus_and_Brucellla_melitensis_in_cattle_and_sheep_from_southern_Cameroon
https://www.researchgate.net/publication/342646973_Detection_of_Brucella_abortus_and_Brucellla_melitensis_in_cattle_and_sheep_from_southern_Cameroon
https://www.researchgate.net/publication/342646973_Detection_of_Brucella_abortus_and_Brucellla_melitensis_in_cattle_and_sheep_from_southern_Cameroon
https://doi.org/10.1038/srep43932
https://doi.org/10.1038/srep43932
https://doi.org/10.1292/jvms.15-0170
https://doi.org/10.1016/j.tvjl.2009.04.010
https://doi.org/10.1016/j.tvjl.2009.04.010
http://ilri.org/infoserv/Webpub/fulldocs/South_South/Theme5_2.htm
http://ilri.org/infoserv/Webpub/fulldocs/South_South/Theme5_2.htm
https://doi.org/10.1007/s10393-019-01453-z
https://doi.org/10.1007/s10393-019-01453-z
https://doi.org/10.3389/fvets.2019.00037
https://doi.org/10.3389/fvets.2019.00037
https://doi.org/10.1186/s40249-017-0251-0
https://doi.org/10.1186/s40249-017-0251-0
https://doi.org/10.1371/journal.pntd.0008164
https://doi.org/10.1371/journal.pone.0127962
https://doi.org/10.1371/journal.pone.0127962
https://doi.org/10.1017/S0031182019001252
https://doi.org/10.1017/S0031182019001252
https://CRAN.Rproject.org/package=psych
https://doi.org/10.1128/AEM.06686-11
http://www.rstudio.org/
https://doi.org/10.1097/QCO.0b013e3283638104
https://doi.org/10.1097/QCO.0b013e3283638104
https://doi.org/10.1016/J.GFS.2018.04.002
https://doi.org/10.1016/j.vetmic.2013.02.009
https://doi.org/10.1016/j.prevetmed.2003.08.004
https://doi.org/10.1016/j.prevetmed.2003.08.004
https://doi.org/10.1198/000313001317097960
https://doi.org/10.1198/000313001317097960
https://doi.org/10.1007/s11250-010-9607-1
https://doi.org/10.1007/s11250-010-9607-1
https://doi.org/10.1371/journal.pone.0008623


     |  13KELLY Et aL.

Sheik- Mohamed, A., & Velema, J. P. (1999). Where health care has no 
access: The nomadic populations of sub- Saharan Africa. Tropical 
Medicine and International Health, 4(10), 695– 707. https://doi.
org/10.1046/j.1365- 3156.1999.00473.x

Silatsa, B. A., Simo, G., Githaka, N., Mwaura, S., Kamga, R. M., Oumarou, 
F., Keambou, C., Bishop, R. P., Djikeng, A., Kuiate, J.- R., Njiokou, F., & 
Pelle, R. (2019). A comprehensive survey of the prevalence and spa-
tial distribution of ticks infesting cattle in different agro- ecological 
zones of Cameroon. Parasites and Vectors, 12(1), 489. https://doi.
org/10.1186/s1307 1- 019- 3738- 7

Simpson, G. J. G., Quan, V., Frean, J., Knobel, D. L., Rossouw, J., Weyer, 
J., Marcotty, T., Godfroid, J., & Blumberg, L. H. (2018). Prevalence 
of selected zoonotic diseases and risk factors at a human- wildlife- 
livestock interface in Mpumalanga Province, South Africa. Vector- 
borne and Zoonotic Diseases, 18(6), 303– 310. https://doi.org/10.1089/
vbz.2017.2158

Team, Q. D. (2009). QGIS Geographic Information System.
Tebug, S. F., Kamga- Waladjo, A. R., Ema, P. J. N., Muyeneza, C., Kane, 

O., Seck, A., Ly, M. T., & Lo, M. (2015). Cattle farmer awareness 
and behavior regarding prevention of zoonotic disease transmis-
sion in Senegal. Journal of Agromedicine, 20(2), 217– 224. https://doi.
org/10.1080/10599 24X.2015.1010068

Thermo Fisher (n.d.). PrioCHECKTM L. hardjo Ab Plate Kit. Retrieved 
from https://www.therm ofish er.com/order/ catal og/produ ct/74420 
90?SID=srch- hj- 74420 90#/74420 90?SID=srch- hj- 7442090. 
Accessed September 8, 2020.

Thornton, P. K. (2010). Livestock production: Recent trends, fu-
ture prospects. Philosophical Transactions of the Royal Society B: 

Biological Sciences, 365(1554), 2853– 2867. https://doi.org/10.1098/
rstb.2010.0134

United Nations Statistics Division (2011). Cameroon Trade Profile 2011. 
UN Comtrade (pp. 1– 2). Retrieved from http://data.un.org/Count 
ryPro file.aspx?crNam e=CAMER OON#Economic

Vanderburg, S., Rubach, M. P., Halliday, J. E. B., Cleaveland, S., Reddy, E. 
A., & Crump, J. A. (2014). Epidemiology of Coxiella burnetii Infection 
in Africa: A onehealth systematic review. PLoS Neglected Tropical 
Diseases, 8(4), e2787. https://doi.org/10.1371/journ al.pntd.0002787

Wickham, H. (2009). ggplot2: Elegant graphics for data analysis. Springer. 
http://had.co.nz/ggplo t2/book

Wickham, H. (2017). tidyverse: Easily Install and Load the “Tidyverse”.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Kelly RF, Jennings A, Hunt J, et al. 
The epidemiology of bacterial zoonoses in pastoral and dairy 
cattle in Cameroon, Central Africa. Zoonoses Public Health. 
2021;00:1– 13. https://doi.org/10.1111/zph.12865

https://doi.org/10.1046/j.1365-3156.1999.00473.x
https://doi.org/10.1046/j.1365-3156.1999.00473.x
https://doi.org/10.1186/s13071-019-3738-7
https://doi.org/10.1186/s13071-019-3738-7
https://doi.org/10.1089/vbz.2017.2158
https://doi.org/10.1089/vbz.2017.2158
https://doi.org/10.1080/1059924X.2015.1010068
https://doi.org/10.1080/1059924X.2015.1010068
https://www.thermofisher.com/order/catalog/product/7442090?SID=srch-hj-7442090#/7442090?SID=srch-hj-7442090
https://www.thermofisher.com/order/catalog/product/7442090?SID=srch-hj-7442090#/7442090?SID=srch-hj-7442090
https://doi.org/10.1098/rstb.2010.0134
https://doi.org/10.1098/rstb.2010.0134
http://data.un.org/CountryProfile.aspx?crName=CAMEROON#Economic
http://data.un.org/CountryProfile.aspx?crName=CAMEROON#Economic
https://doi.org/10.1371/journal.pntd.0002787
http://had.co.nz/ggplot2/book
https://doi.org/10.1111/zph.12865

