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Highlights
e Brucellosis is endemically established among dairy herds in West and Central Africa
e Brucella spp. infection is present at high levels in dairy herds in Lomé and Bamako
e Brucellosis poses a public health concern in dairy chains of West and Central Africa

e Brucellosis control programs are urgently needed in West and Central Africa
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e Brucella spp. in peri-urban dairy settings in the absence of control programs.

ABSTRACT

Ten herd-level cross-sectional studies were conducted in peri-urban dairy production areas of
seven West and Central African countries (Burkina Faso, Burundi, Cameroon, Mali, Niger,
Senegal and Togo). The objectives were to estimate herd level Brucella spp. seroprevalence and
identify risk factors for seropositivity.

In each of the ten study areas, herds (between 52 and 142 per area, total = 965) were selected
probabilistically and a structured questionnaire was administered to gather information on
their structure and management. A bulk milk sample from each herd was tested by indirect
ELISA for Brucella spp. For each area, herd seroprevalence estimates were obtained after
adjusting for the assumed performance of the diagnostic test. Herd level risk factors for
Brucella spp. seropositivity were identified by means of stratified logistic regression, with each
peri-urban zone as a stratum. Area-specific models were also explored.

Estimated herd seroprevalences were: Lomé (Togo) 62.0% (95% Cl:55.0-69.0), Bamako (Mali)
32.5% (95% Cl:28.0-37.0), Bujumbura (Burundi) 14.7% (95%Cl:9.4-20.8), Bamenda (Cameroon)
12.6% (95% Cl:7.6-21.9), Ouagadougou (Burkina Faso) 3.0% (95% Cl:1.0-9.1), Ngaoundere

(Cameroon) 2.3% (95% Cl:1.0-7.0), Thies (Senegal) 1.3% (95% CI:0.1, 5.3), Niamey (Niger) 1.2%
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(95% ClI:0.08-5.3), Dakar (Senegal) 0.2% (95% Cl:0.01-1.7) and Niakhar (Senegal) <0.04%.
Logistic regression modelling revealed transhumant herds to be at lower risk of infection
(adjusted OR: 0.25, 95% Cl: 0.13 - 0.5) and in one of the areas (Bamenda), regular purchase of
new animals was found to be strongly associated with Brucella spp. seropositivity (adjusted OR
=5.3,95% Cl: 1.4-25.9). Our findings confirm that Brucella spp. circulates among dairy cattle
supplying milk to urban consumers in West and Central Africa, posing a serious public health
concern. Control programs are urgently needed in areas such as Lomé or Bamako, where more

than 30% of the herds show evidence of infection.

Keywords: Brucellosis, dairy herds, milk, cattle, peri-urban, Africa, zoonosis.

1. Introduction

Globally, brucellosis is assumed to represent one of the highest economic and public health
burdens of any zoonosis, with Brucella melitensis, B. abortus, B. suis and B. canis all producing
disease in human and animal populations (Corbel, 2006; Whatmore et al., 2014; Al Dahouk et
al., 2017). Ruminants are the primary hosts for B. melitensis and B. abortus, with humans
becoming infected following consumption of raw milk and dairy products, by direct contact
with aborted foetuses, afterbirth and parturition fluids and during slaughter practices (FAO,

2010; WHO, 2005; Doganay & Aygen, 2003).
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In humans, the acute form of the disease is debilitating with general malaise, fever, arthralgia
and backache reducing a patient’s ability to work. An acute brucellosis episode has an
estimated disability weight (DW) of 0.210, highlighting the high impact of brucellosis on
individuals (Dean et al., 2012; WHO, 2015). The World Health Organisation (WHO) estimated
that in 2010 there were 0.83 million cases of human brucellosis globally (47% of these were
identified as foodborne in origin) although the actual figure is likely to be much higher than this,
due to widespread under-reporting and misdiagnosis (WHO, 2015; Kirk et al., 2015; Jennings et

al., 2007).

In 2011, the World Bank ranked brucellosis among the top ten diseases globally for all the main
domestic ruminant species in terms of Livestock Units Lost (LUL; World Bank, 2011). Losses are
the result of abortions and associated reduction in milk yield (McDermott et al.; 2013; Oseguera
Montiel et al., 2015). In cattle, the disease is mainly associated with the species B. abortus,
which has been successfully eliminated from Australia, New Zealand, Canada, Japan and several
European countries through the vaccination of susceptible animals, followed by a test-and-

slaughter policy (CFSPH, 2009).

West and Central Africa are rapidly-urbanising regions, with an increased demand for dairy
products being met by a burgeoning dairy sector, largely located in the peri-urban areas that
surround major cities (Ducrotoy et al., 2017; Guneralp et al., 2017). Brucellosis is suspected to
be endemic throughout the region, although the lack of prevalence estimates, together with

various practical and political factors at both local and regional levels, have left brucellosis in
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livestock largely uncontrolled (Akakpo et al., 2009; Alonso et al., 2016; Craighead et al., 2017).
Although the available evidence is scarce and should be interpreted with caution, previous
studies have shown high levels of infection among dairy herds located in dairy production areas
in West and Central Africa. In Mali for example it was estimated in 2003 that up to 30% of milk
and dairy products at selling points in Bamako were contaminated with Brucella (Bonfoh, et al.
2003). More recently, in 2014, it was estimated that 25.6% of dairy herds in the Adamawa and
North Regions of Cameroon were seropositive against Brucella spp. (Awah-Ndukum et al.,
2018). Lack of brucellosis control programs is particularly worrying in expanding dairy systems,
in which husbandry practices are known to favour disease spread (Ogugua et al., 2018).
Furthermore, the absence of milk hygiene controls and sociocultural habits of unpasteurized
dairy product consumption, common in Sub-Saharan Africa, amplify the potential public health
impact of Brucella infection in these settings. An initial step towards the formulation of locally-
appropriate brucellosis control programmes is the characterization of the infection status of
dairy farms. Thus, the objectives of this study were to provide herd-level estimates of Brucella
spp. seroprevalence among bovine dairy herds in ten of the major peri-urban dairy zones across
West and Central Africa and identify herd-level risk factors for seropositive status against

Brucella spp.

2. Methods

2.1. Study design and study population
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Cross-sectional studies were conducted in ten peri-urban dairy production zones across seven
West and Central Africa countries between February 2017 and January 2018, in Burkina Faso
(Ouagadougou), Burundi (Bujumbura), Cameroon (Ngaoundere and Bamenda), Mali (Bamako),

Niger (Niamey), Senegal (Dakar, Thies and Niakhar) and Togo (Lomé) (Figure 1).

The target population was defined as ‘all bovine dairy herds present in the predefined peri-
urban zone’. The study unit was defined as ‘any herd where lactating cows are managed
together as a unit regardless of herd size’. For this purpose, all lactating cows kept together,
owned by the same person/household and usually kept in the same location were included. The
most commonly practised livestock production systems in the region are sedentary,
unrestricted grazing and transhumant livestock production and very few herds are of the
nomadic type (SWAC-OECD/ECOWAS, 2008). For purpose of this study, peri-urban dairy
production zones were broadly defined as areas of concentration of dairy farms in the
proximity of urban areas to which they supply milk/dairy products. The geographical
boundaries for each ‘peri-urban dairy production zone” were defined through discussion with
personnel from the veterinary and livestock production services, dairy farm associations and
private veterinarians in each zone by delimiting on a map the area where ‘most’ farms

concentrate. The size of the areas ranged from 333 km 2 (Lomé) to 7,069 km? (Ngaoundere).

Ethical approval was granted by the Ethics and Welfare Committee of the Royal Veterinary
College (RVC) and the Ethics Committee at the Interstate School of Veterinary Science and

Medicine of Dakar (EISMV). Informed consent for questionnaire administration and collection
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of biological samples was obtained verbally from herd owners before sampling and
interviewing. Each study was conducted using the same protocol and any departures from

protocol were recorded.

2.2. Sampling frame, sampling strategy and sample size calculations

Where available, a comprehensive list of all known dairy herds within each zone was used as
the sampling frame. Where such lists were unavailable, a snowballing approach was used
among local milk collectors and sellers to identify dairy herds in the zone. Sampling began once
no new herds could be identified.

Using an expected herd—level prevalence of 15%, based on previously published data (Akakpo
et al., 2009; Boukary et al., 2013), it was calculated that sampling between 60 and 90 herds per
zone would result in an absolute precision of 5% with 95% confidence in populations of

between 125 and 250 herds.

1.96\2
ni=<—) *Px(1-P)
d
_ ni* N
n_ni+N

Where, njis the sample size for the infinite population, 1.96 is the Z-value corresponding to a
95% confidence interval of the standard normal distribution, d is the expected absolute error

(5%), P is the expected prevalence at a herd level, n is the number of herds to be sampled after
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correction for the finite population and N is the population size. In this study we are assuming
that within a zone herds are independent (i.e. not clustered). Therefore, a target sample size of

between 60 and 90 herds per zone was used.

Official lists of dairy herds were used in seven zones (Bamako, Bamenda, Bujumbura, Dakar,
Ngaoundere, Niakhar and Thies) and lists derived from a snowballing approach were used in
three zones (Niamey, Ouagadougou and Lomé). The size and source of the sample frames is
presented in Table 1. Herds were randomly selected from the lists and owners of the selected
herds were informed of the study objectives and methods. If any owners declined to participate
or no lactating cows were present in the herd at the time of the visit, the subsequent herd from
the list was approached. In three zones where herd numbers were low (Ouagadougou, Thies,

Niamey) all farms were selected.

2.3. Collection and testing of milk samples

Milk samples were collected in 50ml sterile screw cap polyethylene tubes with 5ml of 5%
formalin added immediately. Where available, a bulk milk sample was collected, otherwise a
small volume of milk from each lactating cow was collected into a single container and 50ml of
milk taken from this mix. Milk samples were kept chilled in a cool box with ice before arrival at
the diagnostic laboratory, where they were centrifuged, aliquoted into 1ml units and frozen at -

20°C for storage.
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Once all sample collection in a zone had been completed, samples were brought to room
temperature and tested for Brucella spp. antibodies using Brucelisal60M indirect ELISA (iELISA;
assays provided by the OIE brucellosis reference centre Animal and Plant Health Agency
(APHA), Addlestone, Surrey, UK). The cut-off optical density (OD) was calculated as 50% of the
mean value of the eight intermediate control wells. All samples with an OD equal to or above
the cut-off value were considered positive. Testing of the milk samples was carried out in six
different diagnostic laboratories across the study countries. For the purpose of quality control,
testing procedure was standardised across all laboratories with positive and negative controls
provided. Moreover, the raw OD data and photos of all ELISA plates where inspected by the

first author, who decided acceptance of the results of each ELISA plate.

2.4 Data collection

A structured questionnaire was administered at the time of sampling using Open Data Kit (ODK)
on Android tablets in a choice of English or French. Herd name, location, composition (number
of lactating cows, bulls and heifers), husbandry and management practices were all recorded. A
pilot questionnaire was administered in ten herds in the study area of Dakar, then modified
accordingly to form the final version (see Table 2 for variables recorded). Training and written
guidelines were provided to all staff before commencing data collection and questions were

posed by a bilingual administrator using the local language.

2.5 Data analysis
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2.5.1 Seroprevalence estimation

Apparent herd level seroprevalence (AP) was calculated for each zone by dividing the total
number of seropositive herds by the total number of herds sampled. True seroprevalence (TP)
for each zone was then calculated by adjusting for iELISA sensitivity (Se) and specificity (Sp)

values as:

TP=(AP+Sp - 1)/(Se +Sp - 1)

According to the manufacturer the Se and Sp values for the iELISA are 0.98 and 0.99,
respectively. Exact 95% confidence intervals (Cl) for estimated true seroprevalences were
obtained based on sampling from the hypergeometric distribution implemented in @Risk 7.5

for Excel (PalisadeCorporation Inc., Newfield, NY, USA).

2.5.2 Univariable analysis

Univariable associations between potential risk factors and the herd serological status were
assessed for each of the four highest seroprevalence zones (Lomé, Bamako, Bujumbura and
Bamenda), each zone was considered separately. Associations were not assessed for the
remaining six areas because of the low number of positive herds. Serological status was

considered as a binary outcome, either positive or negative. Adult herd size was categorized as
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either < median or > median. Associations between individual risk factors and the herd

serological status were assessed using the Chi-squared test of association.

2.5.3 Multivariable analysis

Significant explanatory variables in the univariate analysis (p < 0.05) were assessed for
collinearity using Cramer’s phi prime statistic (@) with variables considered collinear where @ >
0.7, when a pair of variables was found to be collinear, only the more biologically plausible
variable was kept for multivariable analysis.

Multivariable analyses were conducted, first, independently for each of the four zones with
highest prevalence and secondly for all zones simultaneously in a stratified model. For the
analysis by zone, variables were first examined individually using a univariable logistic model
and selected when p <0.2. Selected variables were then included in a logistic model and
manual backward elimination was used to obtain a final model, with the least significant
variables removed, providing their removal did not alter the odds ratios (OR) of other variables
by more than 20% and p > 0.05. Analyses were also conducted using forward selection, starting
with the variables with lowest p values in the univariable analysis. Adjusted OR and 95%
confidence intervals (Cls) were obtained, with variables only retained if p < 0.05.

For the analysis of all zones simultaneously, stratified logistic regression was used, with herd
serological status a binary outcome and zone as stratum. The model was built using the same
steps described above for the analysis by zone.

Univariable and multivariable data analyses were carried out using R version 3.5.1 (R Core
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Team, 2018) and stratified logistic regression analysis was performed using the function clogit

implemented in R package survival.

3. Results

3.1 Seroprevalence estimates

Bulk milk samples were collected from 965 herds in 10 study zones and questionnaires
completed from 809 herds (84%) (Table 3). Estimated herd-level seroprevalences for the
highest four peri- urban zones were: Lomé (Togo) 62.0% (95% Cl: 55.0-69.0), Bamako (Mali)
32.5% (95% Cl: 28.0-37.0), Bujumbura (Burundi) 14.7% (95% Cl: 9.4-20.8) and Bamenda

(Cameroon) 12.6% (95% Cl: 7.6-21.9), Figure 2.

3.2 Risk factors

Median adult herd size, minimum, maximum and median number of lactating cows, heifers and
bulls in addition to husbandry and management practices for the 10 peri-urban zones are
presented in Table 2. Univariable analyses showed the practice of transhumance to be
significantly associated with lower risk of positive serological status both in Bamenda and
Bujumbura. Also in Bamenda, the regular purchase of new animals during the previous year
was significantly associated with higher risk of seropositivity, and the mixing of cattle with other

livestock during watering or grazing was marginally associated with higher risk of seropositivity
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(Table 4).

In the multivariable analyses, transhumance remained a protective factor in both Bujumbura
(adjusted OR: 0.24, 95% CI: 0.07- 0.8, p = 0.02) and Bamenda (adjusted OR: 0.17, 95% Cl: 0.05-
0.6, p =0.01). In Bamenda, regular purchasing of new animals in the previous year was also
found to be strongly associated with seropositivity (adjusted OR: 5.3, 95% Cl: 1.4-25.9, p =
0.02). Logistic regression modelling with zone included as a strata revealed transhumance to be
a protective factor (adjusted OR: 0.25, 95% Cl: 0.13-0.5, p < 0.01), no other factor was identified

as significantly associated with the risk of seropositivity (Table 5).

4 Discussion

Our results confirm that brucellosis is widespread among the peri-urban bovine dairy supply
chains of West and Central Africa, which presents a serious public health threat to local
populations, particularly those working on dairy farms or consuming raw dairy products.
Positive herds were found in all study areas except for one (Niakhar in Senegal). Herd-level
seroprevalence values vary considerably between areas.

The high herd seroprevalences found in some areas, such as Lomé and Bamako, are compatible
with a high human disease burden, although currently limited, data are available to confirm this
(Bonfoh, et al. 2003; Akakpo et al., 2009; Dean et al., 2013; Craighead et al., 2017; Kanoute et
al., 2017; Awah-Ndukum et al., 2018). Reasons for the large variation in seroprevalence remain
unclear, however differences in management practices (e.g. source of replacement cows),

farming systems (e.g. intensive vs. traditional) and variations in climate (e.g. the environmental
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persistence of Brucella spp. being influenced by wet and dry seasons lengths) are all likely to be

contributory factors (Ducrotoy et al., 2017; Craighead et al., 2017).

For the purpose of sample size calculations we have used a value of 15 % for the expected herd-
level seroprevalence, based on most recent published data. Considerably higher values of herd-
level seroprevalence were obtained in Lomé and Bamako. As a result, the precision of the
estimate in these two areas is lower than expected and the confidence intervals are broader
(Figure 2). When comparing our prevalence values with those from other studies it should be
noted that the adjustment of apparent prevalence to obtain ‘true’ prevalence was done
assuming sensitivity and specificity values of 0.98 and 0.99 respectively (the values provided by
the OIE brucellosis reference centre at the APHA, UK).

Within a given zone, the main factor that emerged as associated with increased risk of
seropositive status is the farming system (transhumant vs. sedentary): sedentary herds are at
significantly higher risk of infection in two of the four areas (Bujumbura and Bamenda). A
potential explanation for this is that sedentary dairy farming creates more favourable
conditions for Brucella spp. transmission around the calving areas compared to transhumant
farming. This is consistent with Ducrotoy’s hypothesis that transhumance, among other factors,
mitigates the transmission of brucellosis in sub Saharan Africa (Ducrotoy et al., 2017). In this
study we focused on dairy herds providing milk to urban areas and located in what we defined
as a peri-urban zone. The high proportion of study herds found to practice transhumance in
some of the zones may therefore appear to be unexpected. However, this is in agreement with

the findings of the Sahel and West Africa Club (SWAC) and the Commission of the Economic
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Community of West African States (ECOWAS) study where transhumance was recognised as a
regional phenomenon across geographic areas and production systems (including peri-urban
farming) in West and Central African countries (SWAC-OECD/ECOWAS, 2008).

Regular purchase of new animals into the herd was found to be a significant risk factor for herd
seropositivity in Bamenda, highlighting the risk of introduction of animals of unknown disease
status in endemic areas and the need to test animals coming onto the farm and promote the
use of home bred replacement cows where possible (Kanouté, et al., 2017). Exploration of the
relationship between the proportion of positive herds in an area and the density of dairy herds
and animals within the area did not show any clear pattern, although the area with highest
prevalence (Togo) had also the highest density at both, herd and individual animal level.

In our study we did not explicitly address the urban-rural interface, however, given how
common transhumance is in some of the areas, it is likely that there is frequent contact and
potentially transmission between herds providing milk and dairy products to urban areas and
herds with production destined for home consumption in rural areas. Some studies previously
conducted in the region have shown higher prevalence of bovine brucellosis in rural areas
compared to urban and peri-urban areas, this was explained by the free animal movement in
the rural area (Boukary et al., 2013). In East Africa, prevalence estimates of human brucellosis
in rural, peri-urban and urban areas of Kampala, Uganda revealed higher number of human
cases in the urban areas resulting from the consumption of raw milk transported from peri-
urban and rural areas (Makita et al. 2008).

By relying on tests that detect antibodies against Brucella spp. it is not possible from this study

to confirm which Brucella species is responsible for dairy cow infection in each zone. However,
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given the cattle host preference of B. abortus and findings from previous studies that isolated
Brucella from cattle in the region (Akakpo et al., 2009; Dean et al., 2013) it seems reasonable to
assume that B. abortus is circulating in these zones. There is no brucellosis control program in
place in any of the study areas, therefore, the status of dairy herds supplying milk and dairy
products to the nearby urban populations is not expected to improve and on the contrary, may
become worse in the future as farms trade animals between them. The widespread presence of
brucellosis in the peri-urban dairy chains of the region calls for the design and implementation
of appropriate control programs. In those areas in which the prevalence is high, cattle
vaccination may be justified as a means to reduce the incidence of infection in cattle and the
risk for farmers and for the general population as consumers of dairy products. The most widely
used vaccine in cattle is the S19 B. abortus live attenuated vaccine, which has been used
successfully to reduce the prevalence of infection in dairy herds in different countries (CFSPH,
2009). It seems reasonable to assume that its application in peri-urban dairy farms in Sub-
Saharan Africa would yield similarly positive results. This measure should be accompanied by
awareness campaigns aimed at dairy herd owners and workers (e.g. avoiding introduction of
animals of unknown infection status and hygienic and safe disposal of abortions and handling of
parturitions) and the general population (boiling milk before consumption or processing into
dairy products). Disease elimination by means of test and slaughter is not realistic unless
resources are available to compensate farmers for the animals lost and to prevent re-
introduction of infection through uncontrolled movement of animals. Currently, this strategy
does not seem feasible in the study areas and therefore, in the absence of vaccination, dairy

farmers should be encouraged and assisted to implement sanitary measures that minimize the
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risk of Brucella being introduced into their herds and transmitted between their animals.
Establishment of local diagnostic capacity will be a key pillar for control, regardless of the
specific pathway that is adopted, and this has been one of the objectives of this project in
which diagnostic laboratories of seven countries carried out indirect diagnostic tests as per
international standards.

In conclusion, our findings confirm that Brucella spp. circulates among dairy cattle supplying
milk to urban consumers in West and Central Africa, posing a serious public health concern.
There is an urgent need for control programs, in particular in high prevalence areas such as
Lomé or Bamako, where more than 30% of the herds we studied showed evidence of infection.
Intensification and replacement of the traditional practice of transhumance by systems where
cattle are confined all year round increases the risk of infection and is likely to contribute to the
sustained circulation of Brucella spp. in peri-urban dairy settings in the absence of control
programs. The current study provides much-needed prevalence estimates and adds to the
current knowledge on brucellosis in West and Central Africa, demonstrating that brucellosis is
endemically established among dairy herds of these areas, in some cases at very high levels. In
light of previous studies, our results show that there are areas where brucellosis has remained
endemic among dairy cattle for decades. In this context, vaccine-based control programs, which
have been proved effective at markedly reducing prevalence of brucellosis in cattle in different
countries, seem to be an urgent need for the region. Further steps to facilitate action towards
vaccine-based control include improvements in local diagnostic capability, strain isolation and
characterization and vaccination trials.
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Table 1. Number and data source of known dairy herds (sampling frame) within each of the 10
peri-urban zones in seven West and Central African countries included in a cross-sectional study

of brucellosis, February 2017 - January 2018

Country Zone Number of dairy herds Data source

in the list (Sampling

frame)
Burkina Faso Ouagadougou 129 Snowballing
Burundi Bujumbura 157 Veterinary services
Cameroon Ngaoundere 301 Veterinary services
Bamenda 304 Veterinary services
Mali Bamako 160 Veterinary services
Senegal Dakar 150 Veterinary services
Thies 147 Veterinary services
Niakhar 170 Veterinary services
Togo Lome 176 Snowballing
Niger Niamey 135 Snowballing
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Table 2. Herd composition and husbandry and management practices for 10 peri-urban dairy production zones in seven West and

Central African countries included in a cross-sectional study on brucellosis, February 2017 - January 2018.

Peri-urban zone

3amako Bamenda Bujumbura Dakar Lomé Ngaoundere Niakhar Niamey Ouagadougou Thies
Heifers Minimum 0 0 0 0 0 0 0 0 0 0
Median 8 5 7 4 12 3 4 4 7 5
Maximum 38 22 27 30 36 30 30 2 25 30
Lactating  Minimum 1 1 1 1 1 1 1 3 1 2
< cows Median 19 10 11 9 25 10 10 9 12
Zg Maximum 66 55 73 50 66 80 40 38 70 40
2 Bulls Minimum 0 0 3 0 0 0 0
g Median 6 2 1 1 12 1 2 2 1 1
E Maximum 25 28 20 3 41 15 20 20 15
T Adult herd size (median) 21 36 12 37 49 16 13 18 14 27
Bamako 3amenda 3ujumbura Jakar .omé \gaoundere \Niakhar Niamey Juagadougou Thies
- No (%)  No (%) No (%) No (%) No (%) No (%) No (%) No (%) No (%) No (%)
S Transhumance (Yes) 17 (25.8) 70 (73) 56 (64.4) 80(89.9) 75(97.4) 58 (59.2) 103 (86.6) 45(91.8) 41(78.8) 72 (94.7)
5 Regular mixing with other
g flocks for water or grazing 23(34.8) 60(62.5) 26 (29.9) 71(79.8) 61(79) 61 (62.2) 112 (94.1) 42 (85.7) 8(15.4) 59 (77.6)
g (Yes)
T Natural insemination 60 (90.9) 96 (100) 81(93.1) 79 (88.8) 77 (100) 90 (91.8) 115 (96.6) 49 (100) 37 (71.2) 68 (89.5)
é g f;rg:;f\:i?gz;‘:e"s")'”g ofbulls e 042) 14(146) 52 (59.8) 7(7.9)  5(6.5) 8(8.2) 19 (16) 11(22.4) 5(9.6) 7(9.2)
S .
g § Regular purchasing of new 3¢ o7 ) 41 (42.7) 49 (56.3) 37(41.6) 41(53.2)  34(34.7) 30(25.2)  13(26.5) 30(57.7) 32 (42.1)

animals (Yes)
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Table 3. Total number of dairy herds sampled, seropositive bulk milk samples and

guestionnaires completed across ten peri-urban zones in seven West and Central African

countries, February 2017 - January 2018.

Country Zone No. of herds No. (%) tested No. of
sampled positive by milk questionnaires
iELISA completed
Burkina Faso  Ouagadougou 52 1(2.8) 52
Burundi Bujumbura 87 14 (16.1) 87
Cameroon Bamenda 100 14 (14) 96
Ngaoundere 142 4(2.8) 98
Mali Bamako 120 40 (33.3) 66
Niger Niamey 80 2 (2.5) 49
Senegal Dakar 89 1(1.1) 89
Niakhar 119 0 (0) 119
Thies 76 2 (2.6) 76
Togo Lomé 100 62 (62) 77
TOTAL 965 140 (14.5) 809
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Table 4. Descriptive statistics and univariable associations between potential herd level risk factors and Brucella spp. seropositivity in peri-
urban dairy herds in Lomé (Togo), Bamako (Mali), Bujumbura (Burundi) and Bamenda (Cameroon). Results from a cross-sectional study

conducted between January 2017 and February 2018.

Variables Togo (Lome) Mali (Bamako) Burundi (Bujumbura) Cameroon (Bamenda)
No. Brucella No. Brucella No. Brucella No. Brucella +ve
Description Categories | +ve / total in p +ve / total in p +ve / total in p / total in p
category (%) category (%) category (%) category (%)
Adult herd size < Median | 15/20 (75) 12/34 (35.3) 6/46 (13) 6/49 (12.2)
0.45 0.33 0.71
(median) > Median | 32/57 (56.1) 0.18 15/32 (46.9) 8/41 (19.5) 8/47 (17)
Transhumance No 1/2 (50) 23/49 (46.9) 9/31 (29) 9/26 (34.6)
0.16 0.16 0.03 0.002
Yes 46/75 (61.3) 4/17 (23.5) 5/56 (9) 5/70 (7.1)
No 12/16 (75) 0.21 16/43(37.2) 0.44 8/61(13.1) 0.21 2/36(5.6) 0.07
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Regular mixing with

other flocks for water

or grazing

Insemination method

Borrowing bulls for

service

Regular purchase of

new animals.

Yes

Al

NI

No

Yes

No

Yes

35/61 (57.4)

0

48/77 (62)

44/72 (61.1)

3/5 (60)

25/36 (69.4)

22/41 (53.7)

NA

0.93

0.16

11/23 (47.8)

2/6 (33.3)

25/60 (41.7)

20/50 (40)

7/16 (43.8)

12/28 (42.9)

15/38 (39.5)

0.69

0.79

0.81

6/26 (23.1)

1/6 (16.7)

13/81 (16)

6/35 (17.1)

8/52 (15.4)

6/38 (15.8)

8/49 (16.3)

0.7

0.79

0.81

12/60 (20)

0

14/96 (14.6)

14/82 (17.1)

0/14 (0)

3/55 (5.5)

11/41 (26.8)

NA

0.21

0.01

Al = Artificial insemination; NI = Natural insemination.
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Table 5. Results of a multivariable logistic regression model (A) and multivariable logistic regression
with zone included as strata (B) on serological status of cattle herds against Brucella spp. in peri-

urban zones of Bujumbura (Burundi) and Bamenda (Cameroon).

A. Results of multivariable logistic regression by zone with stepwise elimination of variables

Burundi (Bujumbura) Cameroon (Bamenda)
Variable (Category) Adjusted 95% Cl p Adjusted 95% Cl p

odds ratio odds ratio

0.24 0.07-0.8 0.02 0.17 0.05-0.6 0.01
Transhumance (Yes)
Regular purchase of new animals 5.3 1.4-259 0.02

(Yes)

B. Results of multivariable logistic regression with zone included as a strata with stepwise
elimination of variables

Adjusted odds ratio 95% CI p

Transhumance (Yes) 0.25 0.13-0.5 <0.01
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Fig. 1. Map of the ten study areas in seven West and Central African countries (Burkina Faso, Burundi, Cameroon, Mali, Niger,
Senegal and Togo) showing point locations of cattle herds included in the cross-sectional studies of bovine brucellosis in peri-urban

dairy herds, February 2017 - January 2018. One dot on the map may present more than one herd.
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Fig. 2. Estimated true herd-level Brucella spp. seroprevalence (%) among dairy herds across ten peri-urban areas in seven West and

Central African countries. The red bars indicate 95% confidence intervals.
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