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Introduction: Brucellosis and Rift Valley fever (RVF) are neglected zoonotic
diseases (NZD) that threaten public health, animal health, and production in
resource-limited countries including Namibia.

Methods: The objective of this cross-sectional study was to determine Brucella
spp. and RVFV seroprevalence in cattle at the wildlife-livestock interface in the
Kabbe South constituency (Zambezi region) of Namibia. Cattle sera (n = 371)
were randomly collected from 18 cattle herds in six constituency areas and tested
for antibodies against Brucella [complement fixation test (CFT) and indirect
enzyme-linked immunosorbent (ELISA) assay in parallel] and Rift Valley fever virus
(competitive ELISA).

Results: Apparent individual animal prevalence for Brucella spp. was 5.9% (95%
Cl: 3.95%—8.81%, 22/371) and 20.8% (95% Cl. 16.9%—25.2%, 77/371) based on
the CFT and I-ELISA, respectively. For RVFV, apparent and true animal prevalence
were 41.0% (95% Cl: 36.1%—46.0%, 152/371) and 47.6% (95% Cl: 41.8%—53.6%),
respectively. Animal and true prevalence of Brucella spp. based on the CFT and
ELISA in parallel were 22.6% (95% ClI: 18.7%—27.2%, 84/371) and 19.7% (95% CI:
15.6%—24.4%), respectively. About 10.8% (40/371) of cattle tested positive for
both Brucella spp. and RVFV antibodies. Prevalence of Brucella-positive cattle
herds was 83.3% (15/18). Within herd Brucella spp. seroprevalence was 0%—70%.
All cattle herds tested positive for RVFV, with prevalence of 1.7% to 70%. Binomial
logistic regression revealed that sex was a significant predictor (p < 0.05) for RVFV
seropositivity, but not for Brucella spp. seropositivity (p > 0.05). Test agreement
between CFT and I-ELISA when used for the detection of anti-Brucella antibodies
was poor (k =0.2322).

Discussion: Brucella spp. and RVFV infections were prevalent in communal
pastoral cattle at the human-wildlife-livestock interface in the Zambezi region
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suggesting a higher likelihood of occurrence of reproduction losses in cattle
and zoonotic disease in humans. We recommend the enforcement of the
requirements for the vaccination of heifers against brucellosis in the affected
communal areas to reduce the risk of human infection. The use of One Health
principles for the surveillance, prevention and control of Brucella spp. and RVFV
infections can promote the effective control of these zoonotic infections at

the interface.
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1 Introduction

Livestock production is the main source of livelihood for
most rural communities in Africa, including Namibia (1).
However, the sector faces challenges from infectious diseases that
cause losses in the productive and reproductive performance of
livestock, such as brucellosis and Rift Valley fever (RVF). RVF
and brucellosis are neglected tropical diseases (NTD) that are
frequently under-diagnosed and under-reported in developing
countries (2).

Brucellosis is caused by gram negative bacteria of the
genus Brucella in humans and a wide variety of domesticated
and wild animals (3). Infection of livestock causes abortions,
stillbirth, reduced fertility, poor weight gain, and decline in milk
production. Animal and animal product trade in affected regions
is restricted. The disease is thus of economic importance (4).
Bovine brucellosis is primarily caused by Brucella abortus and
occasionally by Brucella melitensis and Brucella suis (5). It is
transmitted among cattle through contact with or ingestion of
food contaminated with aborted material such as fetuses, fetal
membranes and vaginal secretions. Human infection is common
among professionals who work with cattle and handle their
products (meat, raw milk, and dairy products), such as farmers,
farm workers, veterinary personnel, and butchers (6). The infection
can manifest with mild non-specific clinical symptoms which are
clinically indistinguishable from common human febrile diseases,
like malaria and influenza.

Bovine brucellosis is endemic in Southern Africa. An
epidemiological study conducted in South Africa from 2007 to
2015 revealed an overall seropositivity of 5.85% (44,687/764,276)
for brucellosis in livestock (7). Bovine brucellosis prevalence at the
wildlife-livestock interface in southern Africa is rarely reported.
However, studies in Mozambique, Zimbabwe and Zambia have
reported prevalence of 9.77%, 9.9% and 19% respectively (8-10).
In Namibia, brucellosis has been reported in cattle, sheep, and
goats on the basis of clinical signs and serological surveys (11-15).
The seroprevalence of bovine brucellosis in livestock in Namibia
ranges from 0.49% to 1.94%, while the prevalence of human
brucellosis is estimated to be 11.64% (11, 16). Brucella disease
control strategies in Namibia involve vaccination, surveillance
and culling of infected animals. However, as bovine brucellosis is
endemic in most areas of Southern Africa, the control of the disease
is difficult to achieve, especially under conditions of nomadic
or migratory husbandry practices where hygienic precautions are
difficult to implement.
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Rift Valley Fever (RVF) is a zoonotic mosquito-borne disease
of sheep and goats that can also infect cattle and antelope species.
Aedes spp. mosquitoes are the primary vectors of RVF virus (RVFV)
in Africa, but Culex spp. mosquitoes can also transmit the virus
(17). Mosquitoes transmit RVFV via blood-feeding to susceptible
livestock and humans. The virus can also be transovarially
transmitted to the next generation of Aedes mosquitoes (18). In
southern Africa, the emergence of transovarially infected Aedes spp.
mosquitoes causing RVFV outbreaks in animals and humans is
linked to persistent heavy rainfall, flooding associated with the El
Nifio phenomenon and floods occurring at the end of the rainy
season (19, 20). RVFV outbreaks are often followed by long inter-
epidemic intervals that may last for many years. Climate change is
predicted to expand the geographical range of RVFV and shorten
the period between outbreaks (21). Human infection may also
occur by direct contact with infected blood, organs, fetuses and
raw meat, and to a lesser extent by drinking unpasteurized milk.
RVFV causes high abortion rates in pregnant animals and typically
high mortality in young animals (95%—100%), as well as non-
specific, febrile influenza-like infections in humans (5) that can
be mistaken for malaria and other febrile diseases. RVFV can also
lead to hepatitis, encephalitis and retinitis in humans (22, 23). It is
primarily an occupational disease of professionals such as butchers,
farmers, farm workers, herders and veterinary personnel. In Africa,
seroprevalence of RVFV in cattle and sheep can reach 100% (20).
RVFV caused epidemics in livestock in the southern and western
parts of Namibia in 2010 and 2011 (24). Despite its public health
and socioeconomic impact, no studies investigating seroprevalence
rates in cattle in Namibia have been conducted to date.

The tropical climate (hot and humid) and the human-
wildlife-livestock interface areas in the Zambezi region present
ideal conditions for the survival and transmission of zoonotic
pathogens including Brucella and RVFV to resource-limited
communities and domestic animal species inhabiting these areas.
Seasonal flooding that occurs in the eastern Zambezi region is
ideal for the proliferation of mosquito vectors of RVFV, which
can lead to disease outbreaks.. Previous studies on brucellosis
focused on commercial livestock farming systems, where animal
disease control measures are better implemented, rather than on
communal farming systems, where animal disease controls such as
vaccination are not applied and herds share grasslands. Therefore,
the objective of this study was to determine the seroprevalence of
Brucella and RVFEV in a rural communal area of the Zambezi region
in Namibia and recommend appropriate prevention and control
strategies for cattle and humans.

frontiersin.org


https://doi.org/10.3389/fvets.2024.1489815
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Madzingira et al.

2 Materials and methods
2.1 Study area

The study was carried out in the rural part of Kabbe South
Constituency in the Kavango Zambezi Transfrontier Conservation
area (KAZA TFCA) in north-eastern Namibia (Figure 1). Kabbe
South is located at 17° South, 23° East in the eastern part of the
Zambezi Region, about 79 km from the regional capital Katima
Mulilo, and is one of the eight constituencies in the region. The
constituency is a major cattle farming area with a population of
11,345 inhabitants, 473 of whom are registered cattle farmers.
Seasonal flooding and the resultant migration of people and cattle
between low and high ground is a feature of this area. Kabbe
South shares borders with Zambia, Zimbabwe, and Botswana. In
the KAZA TFCA, wild animals roam freely across international
borders and frequently come into direct and indirect contact with
cattle raised on communal land.

2.2 Study population

The study cattle were reared on communal grazing land,
where they came into regular direct or indirect contact with wild
herbivores such as buffalo, zebra, springbok, elephants, waterbuck,
and hippopotamus. Cattle herds recruited for the study were those
that were raised within the wildlife-livestock interface area and had
not been vaccinated against Brucella and RVFV infections.

2.3 Study design

As a cross-sectional pilot survey, the aim of our study was to
determine the seroprevalence of Brucella spp. and RVFV in cattle
at a wildlife-livestock interface in Kabbe South constituency of the
Zambezi region. Kabbe South constituency was purposely selected
to target an area where cattle and wild herbivores mingle. Within
the constituency, six out of 24 areas (Sigwe, Kasika, Nantungu,
Kabulabula, Muzii, and Ivilivinzi) were selected for the study
using the simple random sampling technique. Systematic random
sampling was used to choose 18 cattle herds and 371 cattle of
various ages, breed, and sex, for blood sampling at crush pens in
20 villages. Bovines greater than 6 months of age were considered
for the study.

2.4 Sample size

The formula n = 4PQ/L2 by Martin et al. (25), where P is the
expected prevalence, Q = 1-P and L is the desired precision, was
used to calculate the sample size for estimating seroprevalence. In
this calculation, we assumed a 5% seroprevalence of Brucella spp.
and RVFV prevalence in the cattle population, a precision of 0.025
(2.5%) and a 95% level of confidence to calculate a sample size of
304. However, 371 samples were collected to account for possible
effects of clustering.
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2.5 Blood sampling and serum recovery

From November to December 2023, blood (5 ml, n = 371) was
collected aseptically from the jugular vein of randomly selected
rope or crush pen-restrained cattle into sterile plain vacutainer
tubes. For each sample, information regarding the date of sampling,
animal identification, age, sex, breed, location, vaccination status,
and contact with wild ruminants was recorded. The blood samples
were transported on ice to the regional laboratory at Katima Mulilo.
After overnight storage, sera were recovered by centrifugation at
3,000 rpm for 5min. They were identified, securely packed on
ice and dispatched to the Central Veterinary Laboratory (CVL)
(Windhoek) where they were kept frozen at —20°C until tested for
Brucella spp. and RVFV infection.

2.6 Brucella and RVFV serological analysis

Serological tests for anti-Brucella spp. and anti-RVFV
antibodies were carried out at the Central Veterinary Laboratory
(CVL) (Windhoek, Namibia). The standard tests for the diagnosis
of Brucella spp. infection at CVL are the Rose Bengal plate test
(RBPT) and the compliment fixation test (CFT) in series. However,
in this study, the Brucella complement fixation test (CFT) and the
indirect enzyme-linked immunosorbent assay (I-ELISA) were used
in parallel to detect anti-Brucella spp. antibodies and to compare
the performance of the two assays.

The CFT was performed following the procedure described by
the World Organization for Animal Health (26), using standardized
antigens (B. abortus Weybridge strain 99) that detect O smooth
anti-Brucella antibodies stimulated by smooth Brucella spp. Results
for the CFT were read after the plates had been left to stand
for 1h to permit unlysed cells to settle. CFT test results of
30ICFTU/ml and above were considered positive based on the
absence of hemolysis.

The enzyme-linked immunosorbent assays (ELISAs) used to
detect anti-Brucella and anti-RVFV IgG antibodies in serum
were the indirect ELISA (I-ELISA) and the competitive ELISA
(C-ELISA), respectively. These were performed in duplicate
using commercial ELISA test kits, the ID Screen® Brucellosis
Serum Indirect Multi-species and ID Screen® Rift Valley
Fever Competition Multi-species (IDvet, Innovative Diagnostics,
Grabels, France, https://www.innovative-diagnostics.com). The
ELISA assays were performed and validated following the
manufacturers’ procedures and cut-off points for distinguishing
positive and negative results, without any modifications. Before
analysis, all sera were inactivated at 56°C for 30 min. Test results
were read as positive or negative. Positive and negative controls
were included in each test run for test validation.

2.7 Data analysis

Data analysis was performed in SPSS version 24. An animal
was considered seropositive if it tested positive on the CFT,
I-ELISA or C-ELISA. Cattle herds were considered positive for
brucellosis or RVF if at least one animal was seropositive. Apparent
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FIGURE 1

Map of Kabbe South constituency showing the location of the study areas in Zambezi region (Namibia).

seroprevalence was calculated per infection, age, sex, and breed of
cattle as the proportion of tested cattle that were seropositive. True
prevalence was estimated by adjusting apparent prevalence for test
sensitivity and specificity according to Epitools (https://epitools.
ausvet.com.au/). The agreement between CFT and I-ELISA assays
was tested using Cohen’s Kappa analysis. Kappa coefficients >0.75,
between 0.4 and 0.75, and <0.4 were considered as excellent, fair,
and poor agreement, respectively. The Chi-square test was used to
test for the significance of differences in prevalence between age,
sex, and breed, with p < 0.05 as the significance level. A binomial
logistic regression model was applied to assess the relationship
between age, sex and breed, and testing positive or negative for
Brucella or RVFV infection, as determined by the Brucella CFT and
I-ELISA (in parallel) and the RVFV C-ELISA assays.

2.8 Ethics statement

The University of Namibia Research Ethics Committee
(Ex2/6/23) and the Directorate of Veterinary Services (Ministry of
Agriculture, Water and Land Reform) approved the study protocol.
Informed consent was sought from cattle owners before blood
sampling. Blood collection was performed humanely in crush pen
or rope-restrained cattle.
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3 Results

A total of 371 serum samples from cattle were collected from
18 herds in the communal areas of Kabbe South Constituency. The
majority of these samples were from females (80.1%, 297/371) and
cattle of breeding age, i.e., >2 years (95.7%, 355/371). Samples were
drawn from the following cattle breeds: Sanga (80.6%, n = 299),
Brahman (12.1%, n = 45), Simbra (0.5%, n = 2), Limousine (0.3%,
n = 1), Swiss (0.3%, n = 1), and crossbreeds (6.2%, n = 23). Most
cattle (69%, 256/371) were 4 years old.

3.1 Apparent and true seroprevalence of
Brucella spp.

The apparent seroprevalence of Brucella spp. infection in cattle
was 5.9% (95% CI: 3.95%—8.81%, 22/371) and 20.8% (95% CI:
16.9%—25.2%, 77/371) based on the CFT and I-ELISA assays,
respectively (Table 1). The overall prevalence of Brucella spp.
infection based on the combined number of reactors detected by
both assays in parallel (matching results were counted as one) was
22.6% (95% CI: 18.7%—27.2%, 84/371).

The true prevalence of Brucella spp. was estimated by
computing the combined sensitivity (Se) and specificity (Sp) of
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TABLE 1 Apparent and true seroprevalence of Brucella spp. and RVFV infections in the Kabbe South constituency.

Number
positive

Number of
sera tested

Serological test

Apparent prevalence
(%) (95% Cl)

True prevalence (%)
(95% Cl)

I-ELISA (parallel)

Brucella I-ELISA 371 77 20.8 (16.94%—25.17%) 19.7 (15.6%—24.4%)*
Brucella CFT 371 22 5.9 (3.95%—8.81%)
Combined Brucella CFT and 371 84 22.6 (18.68%—27.17%)

RVEF C-ELISA 371 152

41.0 (36.08%—46.04%) 47.6 (41.8%—53.6%)

*Calculated using combined sensitivity and specificity of CFT and I-ELISA assays used in parallel; CI, confidence intervals.

the CFT and I-ELISA using Epitools (https://epitools.ausvet.com.
au/). The resultant Se and Sp, and the overall number of positive
cases resulting from using the two tests in parallel, were used to
estimate true prevalence (Table 1). Brucella CFT Se and Sp of 95%
and 100% respectively (27), and I-ELISA Se and Sp of 96.8% and
96.3% in cattle (28) respectively, were used for the calculation. The
combined Se and Sp was 99.84% and 96.3% respectively. Therefore,
the estimated true prevalence of Brucella spp. infection was 19.7%
(95% CI: 15.6%—24.4%).

3.2 Apparent and true seroprevalence of
RVFV

For RVEV, the apparent individual animal prevalence was
41.0% (95% CI: 36.1%—46.0%, 152/371) (Table 1). True prevalence
for RVFV was estimated at 47.6% (95% CI: 41.8%—53.6%) based
on C-ELISA test sensitivity and specificity of 85.4% and 98.6%,
respectively (27).

Cattle (n =40, 10.8%) consisting mainly of cows (82.5%, 33/40),
tested positive for both Brucella spp. and RVFV antibodies on the
assays used.

3.3 Herd seroprevalence of Brucella spp.
and RVFV

The prevalence of Brucella-positive cattle herds based on the
CFT and I-ELISA assays was 66.7% (12/18) and 83.3% (15/18)
respectively. All cattle herds that tested positive on the CFT were
also positive on the I-ELISA, giving an agreement rate of 80%
(12/15) between the results of the two assays. The overall herd
prevalence of Brucella spp. infection based on the combined results
of the CFT and I-ELISA (83.3%, 95% CI: 60.8%—94.2%) was the
same as the herd prevalence determined using the I-ELISA assay
alone. Within the tested herds, Brucella spp. seroprevalence ranged
from 0%—18.2% (CFT) and 0%—70% (I-ELISA).

The prevalence of RVFV positive cattle herds was 100% (n =
18). Within-farm prevalence varied from 1.7%—70%.

3.4 Seroprevalence of Brucella spp. by age,
sex, and breed

The prevalence of Brucella positive sera (7.0%, 18/256, CFT;
23.0%, 59/256, I-ELISA) was high in females, cattle of 4 years and

Frontiersin Veterinary Science

older, and in exotic breeds, but this was not significant (Table 2).
Bovine Brucella spp. seroprevalence (based on CFT and I-ELISA in
parallel) was higher in females (23.9%. 71/297) than males (17.6%,
13/74), but the differences were not significant (p = 0.28). Most
positive sera for Brucella (n = 59) were from the Sanga breed
of cattle.

3.4.1 Binomial regression model assessment of
the effect of age, sex, and breed on Brucella spp.
seropositivity

A binomial logistic regression model was performed to
ascertain the relationship between age, sex and breed, and
seropositivity for Brucella spp. as determined by a combination
of CFT and I-ELISA carried out in parallel. The model displayed
a relatively low pseudo-R? (McFadden’s R? = 0.0205), indicating
that the predictors explained approximately 2.05% of the variation
in the outcome variable (seropositive or seronegative for Brucella
spp.). The intercept of the model was statistically significant
(Estimate = —2.006, SE = 0.837, p = 0.017), indicating that the
log odds of disease presence were significantly different from zero.
The model had an overall accuracy of 72.2%, which means that
the model correctly predicted Brucella seropositive or seronegative
cases 72.2% of the time. This performance was largely driven by the
model’s high specificity (89.2%). Its sensitivity was low (14.3%). The
area under the curve (AUC) for the receiver operating characteristic
(ROC) was 0.577, indicating moderate discrimination between
positive and negative Brucella spp. cases (above random chance
AUC of 0.5).

Results of the logistic regression are depicted in Table 2. Several
categories within the age, breed, and sex variables showed odds
ratios that were not statistically significant. Thus, age, sex, and
breed were not significant predictors of Brucella spp. seropositivity
(p > 0.05).

3.5 Seroprevalence of RVFV by age, sex,
and breed

For RVFV, seroprevalence was higher in females (44.8%,
133/297) than male (25.7%, 19/74) cattle (p = 0.002) (Table 3).
RVEV seroprevalence was detected in all age groups of cattle
including young animals (<2 years old). Most positive sera for
RVEV (n = 121) were from the Sanga breed of cattle (Table 3).
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TABLE 2 Binomial logistic regression assessment of the association between age, sex, and breed, and the presence or absence of bovine Brucella spp.
antibodies as determined by the CFT and I-ELISA in parallel.

Predictor Tested Number % positive Estimate Odds ratio
animals positive (95% CI)

Intercept —2.006 0.837 ~2.397 0.017* 0.135
(0.0261-0.694)

Age

<2 24 2 8.3

>2-<4 88 15 17.0 0.796 0.847 0.939 0.348 2216
(0.4212-11.567)

>4 259 67 25.9 1.163 0.768 1.513 0.130 3.200
(0.7095-14.429)

Sex

Male 74 13 17.6

Female 297 71 23.9 0.659 0.363 0.990 0322 1.432
(0.7034-2.915)

Breed

Crossbreeds 25 8 32.0

Brahman 45 11 24.4 —0.400 0.561 —0.714 0.475 0.670
(0.2233-2.011)

Exotic breeds 2 1 50.0 0.663 1.489 0.446 0.656 1.942
(0.1048-35.953)

Sanga 299 64 214 —0.682 0.464 —1.469 0.142 0.506
(0.2035-1.256)

*Significant at p < 0.05.

These sera represented 79.6% (121/152) of the total positive sera
recorded for RVFV in this study.

3.5.1 Binomial regression model assessment of
the relationship between age, sex, and breed on
RVFV seropositivity

A logistic regression model was used to assess the relationship
between predictors (age, sex, and breed) and seropositivity of
RVFV as determined by the C-ELISA assay. The model displayed
a relatively low pseudo-R? (McFadden’s R?> = 0.0439) (Table 3),
indicating that the predictors explained approximately 4.0% of the
variation in the outcome variable. The intercept of the model was
not statistically significant (Estimate = —0.6499, SE = 0.584, p =
0.266), indicating that, in the absence of the predictors, the log
odds of disease presence (C-ELISA) are not significantly different
from zero. This suggests no inherent bias toward disease presence
or absence without considering other predictors. The model had an
overall accuracy of 59.6%. It correctly predicted RVFV seropositive
or seronegative cases about 60% of the time. It showed a relatively
high specificity (90.0%), while its sensitivity was low (15.8%).

Sex was a significant predictor of seropositivity (Table 3). The
odds of RVFV seropositivity were 2.708 times higher in females
than in males (Odds Ratio = 2.708, 95% CI: 1.430 to 5.13, p
= 0.002), with females being at a higher risk of RVFV. The age
group 2.5 years had a significant negative association with RVFV
seropositivity (Estimate = —1.98749, SE = 0.979, p = 0.042). All
age categories, such as >2-<4 years (Odds Ratio = 0.327, p =
0.055) and >4 years (Odds Ratio = 0.839, p = 0.711), did not show
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statistically significant associations, indicating that their odds of
seropositivity were not markedly different from the reference group
(<2 years).

The area under the curve (AUC) for the
operating characteristic (ROC) was 0.609, indicating moderate

receiver

discrimination between seropositive and seronegative cases as it is
above random chance (AUC = 0.5).

3.6 Comparison of CFT and I-ELISA
performance in detecting antibodies
against Brucella spp.

The performance of the Brucella CFT and I-ELISA assays
on test samples was compared using the Cohen’s Kappa test of
agreement (Table 4). Test agreement between CFT and I-ELISA
when used for the detection of Brucella infection (antibodies) was
poor (k = 0.2322) (Table 4). In cattle aged <2.5 years, the CFT did
not detect any reactive Brucella sera, whereas the [-ELISA identified
six of these animals as seropositive.

4 Discussion

Brucellosis and Rift Valley fever are important zoonotic diseases
in southern Africa, affecting human and livestock health and can
have a great economic impact in regions where livelihoods depend
on livestock farming. Their epidemiology is poorly understood,
especially in rural regions at the wildlife-livestock interface where
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TABLE 3 Binomial logistic regression assessment of the relationship between age, sex, and breed, and the presence or absence of RVFV antibodies as
determined by the C-ELISA assay.

Intercept —0.6499 0.584 —1.112 0.266 0.522
(0.166-1.64)

Age

<2 24 9 37.5 - - - - -

>2-<4 88 21 239 —1.1172 0.582 —1.920 0.055 0.327
(0.105-1.020)

>4 259 122 47.1 —0.1752 0.473 —0.3705 0.711 0.839
(0.322-2.12)

Sex

Male 74 19 25.7 - - - - -

Female 297 133 44.8 0.9960 0.326 3.0579 0.002* 2.708 (1.43-5.13)

Breed

Crossbreeds 25 11 44.0 - - - - -

Brahman 45 18 40.0 —0.0772 0.526 —0.1467 0.883 0.926
(0.330-2.60)

Exotic breeds 2 2 100 14.9317 599.538 0.0249 0.980 3.05 x 10° (0-00)

Sanga 299 121 40.5 —0.3352 0.441 —0.7608 0.447 0.715
(0.302-1.70)

*Significant at p < 0.05; 0o, infinity.

TABLE 4 Kappa test of agreement between Brucella CFT and I-ELISA.

Brucella |-ELISA

Kappa value*

Interpretation

CFT Positive Negative
Positive 15 7
Negative 62 287

0.2322 ‘ Poor agreement ‘ 0.001*

*Significant at p < 0.05; Kappa values: >0.75 = excellent agreement, 0.4-0.75 = fair agreement, and <0.4 = poor agreement.

diagnostic resources are limited. In this study, we aimed to
determine the exposure of cattle to Brucella spp. and RVFV in
Northern Namibia. We found a relatively high seroprevalence
of Brucella spp. and RVFV in apparently healthy communal
pastoral cattle. To our knowledge, this is the first report of RVFV
seroprevalence in cattle in Namibia.

Our study confirms that brucellosis is endemic in cattle
managed under a communal pastoral system at the human-wildlife-
livestock interface, with a relatively high individual animal and herd
seroprevalence of 22.6% and 83.3%, respectively. The individual
animal prevalence was higher than the approximately up to 2% in
cattle drawn mainly from commercial farms reported previously in
the southern drier part of Namibia (11, 14, 15), where preventive
and control measures for brucellosis are strictly implemented. The
elevated prevalence found in this study is consistent with a higher
brucellosis prevalence of 10.3% recorded previously in communal
pastoral cattle in Namibia (15). A relatively high prevalence of
Brucella reactors (15.6%) has also been reported in communal
cattle in the Kwa-Zulu Natal province of South Africa (29) and
from several surveys in communal pastoral cattle in Africa (30-32).
In contrast, findings from other neighboring countries reported
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lower seroprevalence rates of 8% in cattle from Zambia (33), 6%
in cattle from South Africa (7) and 6% in buffalo from Botswana
(34). The high individual animal and herd prevalence in this
study point to a relatively increased level of zoonotic disease
burden in cattle and risk to human health, as the prevalence of
positive reactors within herds was as much as 70%. Moreover,
elevated Brucella seroprevalence values in livestock, as recorded
in our study, have been linked to seropositivity in the human
population (35). The high prevalence of Brucella reactors in
communal areas can be ascribed to a communal pastoral system
of cattle management that promotes intermingling between cattle
herds; the sharing of pastures, water, and breeding bulls; and a
lack of awareness of the disease, all of which promote disease
transmission. Direct and indirect contact between cattle herds and
between cattle and wild ruminants at the wildlife-livestock interface
brings infected aborting and birthing animals into close contact,
increasing the risk of Brucella transmission (36). Identified risk
factors for brucellosis persistence and failure of eradication in
developing countries comprise inefficient surveillance and control
programs that become evident in the inappropriate disposal of
aborted materials, the lack of knowledge and awareness in medical
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professionals, veterinarians, and in traditional livestock owners,
reluctance of vaccination, uncontrolled animal movement and lack
of differential diagnostics that include biotyping methods (37).
The fact that our sample consisted mainly of cows kept in herds
for longer periods may have contributed to higher exposure and
prevalence of Brucella infection (38). In addition, contact with
potential wild ruminant reservoirs of Brucella abortus such as
buffalo (39) and wildebeest (40) in this interface area could have
contributed to the high proportion of Brucella reactors seen in
cattle. Our results point to the possibility of high reproduction
losses due to infertility, abortions, and neo-natal mortalities
associated with Brucella and RVFV infections in communal
cattle and a high risk for zoonoses in the human population.
The I-ELISA assay used in this study detects IgG anti-Brucella
antibodies. Therefore, we can conclude that positive reactors were
animals that carried chronic infections or that had recovered from
previous infection.

We further found a relatively high individual animal (41%) and
herd seroprevalence (100%) for RVFV, in line with previous reports
of RVF being an endemic disease in Africa with a prevalence of
up to 100% (20). The overall prevalence of RVFV in cattle was
similar to a prevalence of 42.9% in a vaccinated population in South
Africa (41), but higher than the 12.37%—33.3% reported in other
African countries (42-46). Notably, the RVFV prevalence in cattle
in the current study was comparable to that reported previously in
springbok (Antidorcas marsupialis) (35%) and black-faced impala
(Aepyceros melampus petersi) (62.5%) in a national park in Namibia
(47), perhaps a reflection of the potential role of wildlife in
the transmission cycle. Wild animals in the study area, such as
buffalo, waterbuck, elephant, eland, and wildebeest, may have acted
as maintenance hosts for RVFV, from which spillover infection
was transmitted to domestic animals through infected mosquitoes
(48). With a 100% herd prevalence, our results suggest a high
burden and circulation of RVFV in cattle at the wildlife-livestock
interface in the Kabbe South constituency. These findings reveal an
animal and public health risk, as seroprevalence rates in domestic
animals correlate positively with the risk of infection in humans
(49). Interestingly, no RVFV outbreaks have ever been reported
in this part of the country, despite the presence of established
animal disease surveillance structures; occurrence of favorable
ecological and climatic conditions for the breeding of Aedes or
Culex mosquito vectors in the form of frequent episodes of heavy
rainfall, seasonally flooded areas, wetlands/dambos, and permanent
water bodies (50). The detection of seropositive cattle suggests the
current circulation of the virus or the long-term persistence of anti-
RVFV antibodies due to previous infections. Of note, the cattle of
this study were not vaccinated against RVEV. The silent circulation
of RVFV in animals has also been documented by previous studies
(51-53). Cattle are more attractive to RVFV mosquito vectors
than other livestock species (54), hence an increased prevalence
is often seen in these species. The high RVFV seroprevalence
observed in cattle could also be due to spillover of infection from
infected wild animals that frequently mingle with and share grazing
and water resources with cattle. Previous studies in Namibia
have provided serological evidence of the role of wildlife such
as springbok (Antidorcas marsupialis), wildebeest (Connochaetes
taurinus), and black-faced impala (Aepyceros melampus petersi)
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in the epidemiology of RVFV (47). Moreover, the study area
falls within the Kavango-Zambezi Transfrontier Conservation Area
(KAZA-TCFA), an area where wild animals such as buffalo and
wildebeest roam freely across five international borders (Botswana,
Zambia, Zimbabwe, Namibia, and Angola).

It is noteworthy that several cattle (10.8%, n = 40) were
seropositive for both Brucella and RVFV, suggesting successive or
co-exposure to the two pathogens. Either way, our findings point
to significant reproductive challenges in the affected herds and a
public health risk in the respective communities.

In this study, established risk factors for Brucella infection, that
is, age, sex and breed (55), were not significantly associated with
seropositivity, although seropositivity was higher in females than
males, and in sexually mature (4 years and older) than younger
animals. Our findings are consistent with previous reports which
noted a higher Brucella seroprevalence among sexually mature
cattle (36, 56) and in cows (57, 58). In contrast to the findings in
Malawi (46) and Madagascar (42), our study established a higher
RVFV seroprevalence in females than males (p = 0.004), perhaps
due to the larger number of female cattle that were recruited in the
study. Male cattle are often culled, resulting in reduced exposure
time, while cows stay longer and dominate the herds (58). RVFV
seropositivity occurred across all age groups of cattle tested, with
higher but not significant prevalence rates in adults than in younger
animals, in agreement with prior studies (46). As expected, the
Sanga breed, the major cattle breed in the study area, had a higher
seroprevalence of Brucella and RVFV than other breeds.

Test agreement between Brucella CFT and I-ELISA was poor
(kappa value of 0.2322). Previous studies have confirmed that
I-ELISA has a higher sensitivity and specificity than CFT (27),
which explains our results. In our study, I-ELISA detected Brucella
antibodies in younger cattle (<2 years), while the CFT did not,
and all cattle herds that tested positive on the CFT, also tested
positive on the I-ELISA, confirming its superiority over the CFT.
We therefore recommend that the Central Veterinary Laboratory
(Namibia) adopt the I-ELISA as a confirmatory test (after RBPT
screening) in place of the CFT.

Our findings highlight the need to prioritize zoonoses in
the country and to establish a One Health policy for effective
surveillance, prevention and control of zoonotic pathogens such
as Brucella and RVFV, as has been implemented elsewhere in
Africa (59-61). This is because Brucella and RVFV infections
have multidimensional determinants of disease epidemiology that
include human, domestic animal, wildlife, climatic, and ecological
factors. The One Health approach should foster collaboration
between professionals working in different sectors such as human
health, animal health and production, entomology, social sciences,
wildlife, and the environment (62). In particular, the public
health and animal health sectors need to establish regular
communication, collaboration and information sharing in the
surveillance, prevention, and control of zoonotic infections. We
recommend that the public health sector increase awareness of
these infections among health professionals to ensure effective
surveillance and detection in high-risk populations at the interface.
Vaccination of cattle against brucellosis has been shown to
reduce infection, transmission and disease burden. It should
therefore be implemented in communal areas. Further studies
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on mosquito vectors, humans, and domestic and wild ruminants
are recommended, using serological, molecular, culture, and virus
isolation techniques to characterize circulating strains of Brucella
and RVFV.

The inability to identify Brucella spp. infecting animals in
Namibia may reduce the effectiveness of control measures that are
currently implemented in cattle and humans, as all smooth Brucella
spp. can cause infection singly or in co-infections. Therefore, the
characterization of Brucella spp. infecting cattle should be the focus
of future studies.

4.1 Limitations

Some cattle herds in flooded and muddy areas could not
be reached due to bad or non-existent roads. The Brucella
CFT and I-ELISA assays used in this study cannot distinguish
between smooth field Brucella species. Positive results serve only to
confirm that the animals were exposed to Brucella spp. Moreover,
serological tests may fail to detect Brucella antibodies during
the early stages of the infection (up to 12-16 days) or cross-
react with other gram negative bacteria, which may underestimate
or overestimate seroprevalence respectively. The performance of
the CFT can be limited by hemolyzed sera or sera with anti-
complementary activity. The CFT is a very complicated assay,
that requires specialized facilities, equipment, time and personnel,
which can interfere with its performance and results. However,
in this study, the drawbacks of the CFT were compensated for
by the simpler and highly sensitive I-ELISA assay that was used
in parallel.

5 Conclusion

Our study determined a relatively high seroprevalence of
Brucella spp. and RVFV antibodies in cattle raised in a communal
pastoral system at the wildlife-livestock interface in Northern
Namibia. Sex was a significant risk factor for RVFV, with females
having a higher likelihood of infection. In contrast, age, sex and
breed were not significant predictors of Brucella spp seropositivity.
The detection of these zoonotic infections has serious animal and
public health implications.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The animal studies were approved by the University of
Namibia Research Ethics Committee (UREC). The studies
were conducted in accordance with the local legislation and
institutional requirements. Written informed consent was obtained
from the owners for the participation of their animals in
this study.

Frontiers in Veterinary Science

10.3389/fvets.2024.1489815

Author contributions

OM: Conceptualization, Formal analysis, Funding acquisition,
Investigation, Methodology, Supervision, Validation, Writing -
original draft, Writing - review & editing. HM: Funding
acquisition, Resources, Writing - review & editing. NS:
Investigation, Writing - review & editing. LL: Investigation,
Methodology, Writing - review & editing. EM: Conceptualization,
editing. SC:

Conceptualization, Funding acquisition, Writing - review &

Funding acquisition, Writing - review &
editing. GT-Z: Investigation, Methodology, Writing - review
& editing. FS: Investigation, Methodology, Writing - review &
editing. CB: Funding acquisition, Resources, Writing - review
& editing. SK: Investigation, Methodology, Writing - review
& editing. SC: Conceptualization, Funding acquisition, Project
administration, Resources, Supervision, Validation, Writing -
review & editing. SJ: Funding acquisition, Resources, Supervision,

Validation, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Seed Corn Grant (Faculty of Health Sciences
and Veterinary Medicine, University of Namibia) and the German
Research Foundation (Collaborative Research Center 228: Future
Rural Africa [TRR 228]).

Acknowledgments

The authors are grateful to the Central Veterinary Laboratory
(Directorate of Veterinary Service, Ministry of Agriculture, Water
and Land Reform) for availing their laboratory facilities for
the performance of serological tests. The University of Namibia
provided the time and logistics needed for carrying out sample
collection in the field. Mr. Kudakwashe Hove assisted with the
performance of some statistical analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fvets.2024.1489815
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Madzingira et al.

1. Banda 1], Tanganyika J. Livestock provide more than food in
smallholder production systems of developing countries. Anim Front. (2021)
11:7-14. doi: 10.1093/af/vfab001

2. King L. Neglected zoonotic diseases. In: Institute of Medicine (US) Forum on
Microbial Threats. The Causes and Impacts of Neglected Tropical and Zoonotic Diseases:
Opportunities for Integrated Intervention Strategies. Washington (DC): National
Academies Press (2011). p. A13.

3. Corbel MJ. Brucellosis in humans and animals (2006). World Health Organization.
Available at: https://iris.who.int/handle/10665/43597 (accessed July 01, 2024).

4. Seleem MN, Boyle SM, Sriranganathan N. Brucellosis: a re-emerging zoonosis. Vet
Microbiol. (2010) 140:392-8. doi: 10.1016/j.vetmic.2009.06.021

5. World Organisation for Animal Health. Manual of Diagnostic Tests and Vaccines
for Terrestrial Animals, twelfth edition (2023). Available at: https://www.woah.
org/fileadmin/Home/eng/Health_standards/tahm/3.01.19_RVF.pdf (accessed May 17,
2024).

6. Frean ], Cloete A, Rossouw J, Blumberg L. Brucellosis in South Africa - a notifiable
medical condition. NICD Commun Dis Commun. (2018) 16:110-7.

7. Kolo FB, Adesiyun AA, Fasina FO, Potts A, Dogonyaro BB, Katsande CT, et al.
retrospective study (2007-2015) on brucellosis seropositivity in livestock in South
Africa. Veter Med Sci. (2021) 7:348-56. doi: 10.1002/vms3.363

8. Muma JB, Samui KL, Oloya ], Munyeme M, Skjerve E. Risk factors for brucellosis
in indigenous cattle reared in livestock-wildlife interface areas of Zambia. Prev Vet
Med. (2007) 80:306-17. doi: 10.1016/j.prevetmed.2007.03.003

9. Gomo C, Garine-Wichatitsky de, Caron M, Pfukenyi A. Survey of
brucellosis at the wildlife-livestock interface on the Zimbabwean side of the
Great Limpopo Transfrontier Conservation Area. Trop Anim Health Prod. (2012)
44:77-85. doi: 10.1007/s11250-011-9890-5

10. Tanner M, Inlameia O, Michel A, Maxlhuza G, Pondja A, Fafetine J, et al. Bovine
tuberculosis and brucellosis in cattle and African buffalo in the Limpopo National Park,
Mozambique. Transbound Emerg Dis. (2015) 62:632-8. doi: 10.1111/tbed.12210

11. Magwedere K, Bishi A, Tjipura-Zaire G, Eberle G, Hemberger Y, Hoffman
LC, et al. Brucellae through the food chain: the role of sheep, goats and springbok
(Antidorcus marsupialis) as sources of human infection in Namibia. J S Afr Vet Assoc.
(2011) 82:205-12. doi: 10.4102/jsava.v82i4.75

12. Madzingira O, McCrindle C. Prevalence of Brucella antibodies in sheep and
springbok (Antidorcas marsupialis) reared together in the Karas region, Namibia. Bull
Anim Health Prod Afr. (2014) 62:299-306.

13. Madzingira O, McCrindle C. Retrospective analysis of the prevalence of Brucella
antibodies in sheep in the Karas Region of Namibia. Trop Anim Health Prod. (2015)
47:1117. doi: 10.1007/s11250-015-0838-z

14. Madzingira O, Sezuni MP. Serological prevalence and public health significance
of brucellosis on a dairy farm in Namibia from 2011-2014. BMC Res Notes. (2017)
10:620. doi: 10.1186/s13104-017-2933-x

15. Madzingira O, Fasina FO, Kandiwa E, Musilika-Shilongo A, Chitate F, van
Heerden H, et al. A retrospective sero-epidemiological survey of bovine brucellosis on
commercial and communal farming systems in Namibia from 2004 to 2018. Trop Anim
Health Prod. (2020) 52:3099-107. doi: 10.1007/s11250-020-02332-4

16. Madzingira O, Fasina OF Kalinda C, van Heerden H. Seroprevalence
of brucellosis among clinically suspected human cases presenting at health
facilities in Namibia from 2012 to 2017. Biomed Environ Sci. (2021) 34:232-5.
doi: 10.3967/bes2021.029

17. Pepin M, Bouloy M, Bird BH, Kemp A, Paweska J. Rift Valley fever virus
(Bunyaviridae: Phlebovirus): an update on pathogenesis, molecular epidemiology,
vectors, diagnostics and prevention. Vet Res. (2010) 41:61. doi: 10.1051/vetres/2010033

18. Meegan JM, Bailey CH. Rift Valley fever. In: Monath, TP, editor. The
Arboviruses: Epidemiology and Ecology. Boca Raton, FL: CRC Press (1988). p. 51—
76. doi: 10.1201/9780429289170-4

19. Caminade C, Ndione JA, Diallo M, MacLeod DA, Faye O, Ba Y, et al. Rift Valley
fever outbreaks in Mauritania and related environmental conditions. Int ] Environ Res
Public Heal. (2014) 11:903-18. doi: 10.3390/ijerph110100903

20. Clark MHA, Warimwe GM, Nardo Di, Lyons A, Gubbins NA. Systematic
literature review of Rift Valley fever virus seroprevalence in livestock, wildlife
and humans in Africa from 1968 to 2016. PLoS Negl Trop Dis. (2018)
12:0006627. doi: 10.1371/journal.pntd.0006627

21. Gould EA, Higgs S. Impact of climate change and other factors on
emerging arbovirus diseases. Trans R Soc Trop Med Hyg. (2009) 103:109-
21. doi: 10.1016/j.trstmh.2008.07.025

22. Madani TA, Al-Mazrou YY, Al-Jeffri MH, Mishkhas AA, Al-Rabeah
AM, Turkistani AM, et al. Rift Valley fever epidemic in Saudi Arabia:
epidemiological, clinical, laboratory characteristics. Clin Infect Dis. (2003)
37:1084-92. doi: 10.1086/378747

Frontiersin

10

10.3389/fvets.2024.1489815

23. Anywaine Z, Lule SA, Hansen C, Warimwe G, Elliott A. Clinical manifestations
of Rift Valley fever in humans: systematic review and meta-analysis. PLOS Negl Trop
Dis. (2022) 16:¢0010233. doi: 10.1371/journal.pntd.0010233

24. Cosseddu GM, Magwedere K, Molini U, Pinoni C, Khaiseb S, Scacchia M, et al.
Genetic diversity of Rift Valley fever strains circulating in Namibia in 2010 and 2011.
Viruses. (2020) 12:1453. doi: 10.3390/v12121453

25. Martin SW, Meek AH, Willenberg P. Veterinary Epidemiology: Principles and
Methods. 1st ed Iowa: Iowa State University Press. (1987).

26. World Organisation for Animal Health. Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals, twelfth edition (2022).

27. Legesse A, Mekuriaw A, Gelaye E, Abayneh T, Getachew B, Weldemedhin W,
et al. Comparative evaluation of RBPT, I-ELISA, CFT for the diagnosis of brucellosis
and PCR detection of Brucella species from Ethiopian sheep, goats, cattle sera. BMC
Microbiol. (2023) 23:216. doi: 10.1186/s12866-023-02962-2

28. Getachew T, Getachew G, Sintayehu G, Getenet M, Fasil A. Bayesian estimation
of sensitivity and specificity of Rose Bengal, Complement Fixation, Indirect ELISA
tests for the diagnosis of bovine brucellosis in Ethiopia. Vet Med Int. (2016)
2016:8032753. doi: 10.1155/2016/8032753

29. Hesterberg UW, Bagnall R, Perrett K, Bosch B, Horner R, Gummow BA,
et al. Serological prevalence survey of Brucella abortus in cattle of rural communities
in the province of KwaZulu-Natal, South Africa. J S Afr Vet Assoc. (2008) 79:15-
8. doi: 10.4102/jsava.v79i1.234

30. Mangen M-J, Otte ], Pfeiffer D, Chilonda P. Bovine brucellosis in sub-
Saharan Africa: estimation of sero-prevalence and impact on meat and milk offtake
potential. Livestock Policy Discussion Paper No 8 Rome: Food and Agricultural
Organisation. (2002).

31. Muma JB, Syakalima M, Munyeme M, Zulu VC, Simuunza M, Kurata
M. Bovine tuberculosis and brucellosis in traditionally managed livestock
in selected districts of southern province of Zambia. Vet Med Int. (2013)
2013:730367. doi: 10.1155/2013/730367

32. Hassan-Kadle AA, Osman AM, Shair MA, Abdi OM, Yusuf AA, Ibrahim AM,
et al. Rift Valley fever and Brucella spp. in ruminants, Somalia. BMC Vet Res. (2021)
17:280. doi: 10.1186/s12917-021-02980-0

33. Mfune RL, Mubanga M, Silwamba I, Sagamiko F, Mudenda S, Daka V, et al.
Seroprevalence of bovine Brucellosis in selected Districts of Zambia. Int ] Environ Res
Public Health. (2021) 18:1436. doi: 10.3390/ijerph18041436

34. Alexander KA, Blackburn JK, Vandewalle ME, Pesapane R, Baipoledi EK, Elzer
PH. Buffalo, bush meat, the zoonotic threat of brucellosis in Botswana. PLoS ONE.
(2012) 7:€32842. doi: 10.1371/journal.pone.0032842

35. Osoro EM, Munyua P, Omulo S, Ogola E, Ade F, Mbatha P, et al. Strong
association between human and animal Brucella seropositivity in a linked study in
Kenya, 2012-2013. Am ] Trop Med Hyg. (2015) 93:224-31. doi: 10.4269/ajtmh.15-0113

36. Akoko JM, Mwatondo A, Muturi M, Wambua L, Abkallo HM, Nyamota
R, et al. Mapping brucellosis risk in Kenya and its implications for control
strategies in sub-Saharan Africa. Sci Rep. (2023) 13:20192. doi: 10.1038/541598-023-47
628-1

37. Hikal AE, Wareth G, Khan A. Brucellosis: why is it eradicated from domestic
livestock in the United States but not in the Nile River Basin countries? Ger ] Microbiol.
(2023) 3:19-25. doi: 10.51585/gjm.2023.2.0026

38. Kairu-Wanyoike S, Nyamwaya D, Wainaina M, Lindahl J, Ontiri E, Bukachi
S, et al. Positive association between Brucella spp. seroprevalences in livestock and
humans from a cross-sectional study in Garissa and Tana River Counties, Kenya. PLoS
Negl Trop Dis. (2019) 13:e0007506. doi: 10.1371/journal.pntd.0007506

39. Godfroid J, Garin-Bastuji B, Saegerman C, Blasco JM. Brucellosis in terrestrial
wildlife. Rev Sci Tech. (2013) 32:27-42. doi: 10.20506/rst.32.1.2180

40. Coelho AC, Diez JG, Coelho AM. Risk factors for Brucella spp. in domestic and
wild animals. In: Baddour, MM, editor. Updates on Brucellosis. IntechOpen. (2015).
Available at: https://www.intechopen.com/books/updates- on-brucellosis/risk-factors-
for-brucella- spp-in-domestic-and-wild-animals (accessed October 25, 2024).

41. Ngoshe YB, Avenant A, Rostal MK, Karesh WB, Paweska PT, van Vuren
PJ, et al. Patterns of Rift Valley fever virus seropositivity in domestic ruminants
in central South Africa four years after a large outbreak. Sci Rep. (2020)
10:5489. doi: 10.1038/541598-020-62453-6

42. Jeanmaire EM, Rabenarivahiny R, Biarmann M, Rabibisoa L, Ravaomanana
E, Randriamparany T, et al. Prevalence of Rift Valley fever infection in ruminants
in Madagascar after the 2008 outbreak. Vector Borne Zoonotic Dis. (2011) 11:395-
402. doi: 10.1089/vbz.2009.0249

43. Sindato C, Pfeifer DU, Karimuribo ED, Mboera LEG, Rweyemamu MM, Paweska
JT, et al. A spatial analysis of Rift Valley fever virus seropositivity in domestic
ruminants in Tanzania. PLoS ONE. (2015) 10:e0131873. doi: 10.1371/journal.pone.
0131873


https://doi.org/10.3389/fvets.2024.1489815
https://doi.org/10.1093/af/vfab001
https://iris.who.int/handle/10665/43597
https://doi.org/10.1016/j.vetmic.2009.06.021
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.19_RVF.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.19_RVF.pdf
https://doi.org/10.1002/vms3.363
https://doi.org/10.1016/j.prevetmed.2007.03.003
https://doi.org/10.1007/s11250-011-9890-5
https://doi.org/10.1111/tbed.12210
https://doi.org/10.4102/jsava.v82i4.75
https://doi.org/10.1007/s11250-015-0838-z
https://doi.org/10.1186/s13104-017-2933-x
https://doi.org/10.1007/s11250-020-02332-4
https://doi.org/10.3967/bes2021.029
https://doi.org/10.1051/vetres/2010033
https://doi.org/10.1201/9780429289170-4
https://doi.org/10.3390/ijerph110100903
https://doi.org/10.1371/journal.pntd.0006627
https://doi.org/10.1016/j.trstmh.2008.07.025
https://doi.org/10.1086/378747
https://doi.org/10.1371/journal.pntd.0010233
https://doi.org/10.3390/v12121453
https://doi.org/10.1186/s12866-023-02962-2
https://doi.org/10.1155/2016/8032753
https://doi.org/10.4102/jsava.v79i1.234
https://doi.org/10.1155/2013/730367
https://doi.org/10.1186/s12917-021-02980-0
https://doi.org/10.3390/ijerph18041436
https://doi.org/10.1371/journal.pone.0032842
https://doi.org/10.4269/ajtmh.15-0113
https://doi.org/10.1038/s41598-023-47628-1
https://doi.org/10.51585/gjm.2023.2.0026
https://doi.org/10.1371/journal.pntd.0007506
https://doi.org/10.20506/rst.32.1.2180
https://www.intechopen.com/books/updates-on-brucellosis/risk-factors-for-brucella-spp-in-domestic-and-wild-animals
https://www.intechopen.com/books/updates-on-brucellosis/risk-factors-for-brucella-spp-in-domestic-and-wild-animals
https://doi.org/10.1038/s41598-020-62453-6
https://doi.org/10.1089/vbz.2009.0249
https://doi.org/10.1371/journal.pone.0131873
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Madzingira et al.

44. Nanyingi MO, Munyua P, Kiama SG, Muchemi GM, Thumbi SM, Bitek AO, et al.
A systematic review of Rift Valley fever epidemiology 1931-2014. Infect Ecol Epidemiol.
(2015) 5:28024. doi: 10.3402/iee.v5.28024

45. Tshilenge GM, Mulumba MLK, Misinzo G, Noad R, Dundon WG. Rift Valley
fever virus in small ruminants in the Democratic Republic of the Congo. Onderstepoort
J Vet Res. (2019) 86:¢1-5. doi: 10.4102/0jvr.v86i1.1737

46. Kainga H, Phonera MC, Chatanga E, Kallu SA, Mpundu P, Samutela
M, et al. Seroprevalence and associated risk factors of Rift Valley fever
in livestock from three ecological zones of Malawi. Pathogens. (2022)
11:1349. doi: 10.3390/pathogens11111349

47. Dondona AC, Aschenborn O, Pinoni C, Di Gialleonardo L, Maseke A, Bortone
G, et al. Rift Valley fever virus among wild ruminants, Etosha National Park, Namibia,
2011. Emerg Infect Dis. (2016) 22:128-30. doi: 10.3201/eid2201.150725

48. Atuman YJ, Kudi CA, Abdu PA, Okubanjo OO, Wungak Y, Ularamu
HG, et al. Serological evidence of antibodies to Rift Valley Fever Virus in
wild and domestic animals in Bauchi State, Nigeria. Vet Med Int. (2022)
2022:6559193. doi: 10.1155/2022/6559193

49. Britch SC, Binepal YS, Ruder MG, Kariithi HM, Linthicum KJ, Anyamba A, et al.
Rift Valley fever risk map model and seroprevalence in selected wild ungulates and
camels from Kenya. PLoS ONE. (2013) 8:¢66626. doi: 10.1371/journal.pone.0066626

50. Clements ACA, Pfeiffer DU, Martin V, Pittiglio C, Best N, Thiongane Y, et al.
Spatial risk assessment of Rift Valley fever in Senegal. Vector-Borne Zoonotic Dis. (2007)
7:203-16. doi: 10.1089/vbz.2006.0600

51. Rissmann M, Eiden M, Wade A, Poueme R, Abdoulkadiri S, Unger H, et al.
Evidence for enzootic circulation of Rift Valley fever virus among livestock in
Cameroon. Acta Trop. (2017) 172:7-13. doi: 10.1016/j.actatropica.2017.04.001

52. Sadeuh-Mba SA, Yonga Wansi GM, Demanou M, Gessain A, Njouom R.
Serological evidence of Rift Valley fever Phlebovirus and Crimean-Congo hemorrhagic
fever orthonairovirus infections among pygmies in the east region of Cameroon. Virol
J. (2018) 15:63. doi: 10.1186/s12985-018-0977-8

53. Poueme R, Stoek E Nloga N, Awah-Ndukum J, Rissmann M, Schulz
A, et al. Seroprevalence and associated risk factors of Rift Valley Fever in

Frontiersin

11

10.3389/fvets.2024.1489815

domestic small ruminants in the North Region of Cameroon. Vet Med Int. (2019)
2019:8149897. doi: 10.1155/2019/8149897

54. Tantely ML, Rakotoniaina J-C, Tata E, Rianaivolambo L, Razafndrasata F,
Fontenille D, et al. Biology of mosquitoes that are potential vectors of Rift Valley Fever
virus in different biotopes of the central highlands of Madagascar. ] Med Entomol.
(2013) 50:603-10. doi: 10.1603/ME12069

55. Awah-Ndukum J, Mouiche MM, Kouonmo-Ngnoyum L, Bayang HN, Manchang
TK, Poueme RS, et al. Seroprevalence and risk factors of brucellosis among slaughtered
indigenous cattle, abattoir personnel and pregnant women in Ngaoundéré, Cameroon.
BMC Infect Dis. (2018) 18:611. doi: 10.1186/s12879-018-3522-x

56. Megersa B, Biffa D, Abunna E, Regassa A, Godfroid J, Skjerve E. Seroprevalence
of brucellosis and its contribution to abortion in cattle, camel, goat kept under
pastoral management in Borana, Ethiopia. Trop Anim Health Prod. (2011) 43:651-
6. doi: 10.1007/s11250-010-9748-2

57. Bekele M, Mohammed H, Tefera M, Tolosa T. Small ruminant brucellosis and
community perception in Jijiga district, Somali Regional State, eastern Ethiopia. Trop
Anim Health Prod. (2011) 43:893-8. doi: 10.1007/s11250-011-9781-9

58. Adugna KE, Agga GE, Zewde G. Seroepidemiological survey of bovine
brucellosis in cattle under a traditional production system in western Ethiopia. Rev
Sci Tech. (2013) 32:765-73. doi: 10.20506/rst.32.2.2218

59. Munyua P, Bitek A, Osoro E, Pieracci EG, Muema ], Mwatondo A,
et al. Prioritization of zoonotic diseases in Kenya, 2015. PLoS ONE. (2016)
11:¢0161576. doi: 10.1371/journal.pone.0161576

60. Pieracci EG, Hall AJ, Gharpure R, Haile A, Walelign E, Deressa A, et al.
Prioritizing zoonotic diseases in Ethiopia using a one health approach. One Health.
(2016) 2:131-5. doi: 10.1016/j.0nehlt.2016.09.001

61. Sekamatte M, Krishnasamy V, Bulage L, Kihembo C, Nantima N, Monje F,
et al. Multisectoral prioritization of zoonotic diseases in Uganda, 2017: a one health
perspective. PLoS ONE. (2018) 13:¢0196799. doi: 10.1371/journal.pone.0196799

62. Fawzy M, Helmy YA. The One Health approach is necessary for the control
of Rift Valley fever infections in Egypt: a comprehensive review. Viruses. (2019)
11:139. doi: 10.3390/v11020139


https://doi.org/10.3389/fvets.2024.1489815
https://doi.org/10.3402/iee.v5.28024
https://doi.org/10.4102/ojvr.v86i1.1737
https://doi.org/10.3390/pathogens11111349
https://doi.org/10.3201/eid2201.150725
https://doi.org/10.1155/2022/6559193
https://doi.org/10.1371/journal.pone.0066626
https://doi.org/10.1089/vbz.2006.0600
https://doi.org/10.1016/j.actatropica.2017.04.001
https://doi.org/10.1186/s12985-018-0977-8
https://doi.org/10.1155/2019/8149897
https://doi.org/10.1603/ME12069
https://doi.org/10.1186/s12879-018-3522-x
https://doi.org/10.1007/s11250-010-9748-2
https://doi.org/10.1007/s11250-011-9781-9
https://doi.org/10.20506/rst.32.2.2218
https://doi.org/10.1371/journal.pone.0161576
https://doi.org/10.1016/j.onehlt.2016.09.001
https://doi.org/10.1371/journal.pone.0196799
https://doi.org/10.3390/v11020139
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Seroprevalence of Brucella spp. and Rift Valley fever virus infections in communal pastoral cattle at the wildlife-livestock interface, Zambezi region, Namibia
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Study population
	2.3 Study design
	2.4 Sample size
	2.5 Blood sampling and serum recovery
	2.6 Brucella and RVFV serological analysis
	2.7 Data analysis
	2.8 Ethics statement

	3 Results
	3.1 Apparent and true seroprevalence of Brucella spp.
	3.2 Apparent and true seroprevalence of RVFV
	3.3 Herd seroprevalence of Brucella spp. and RVFV
	3.4 Seroprevalence of Brucella spp. by age, sex, and breed
	3.4.1 Binomial regression model assessment of the effect of age, sex, and breed on Brucella spp. seropositivity

	3.5 Seroprevalence of RVFV by age, sex, and breed
	3.5.1 Binomial regression model assessment of the relationship between age, sex, and breed on RVFV seropositivity

	3.6 Comparison of CFT and I-ELISA performance in detecting antibodies against Brucella spp.

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


