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Thesis Summary

This study assessed knowledge, attitudes, and practices regarding brucellosis
among cattle farmers (n=264), meat handlers (n=143) and medical professionals
(n=124); estimated seroprevalence of Brucella infection in cattle (n=49718) (2004-
2018) and humans (n=971) (2012-2017) retrospectively, and prospectively (n=304)
at a major abattoir in Namibia. Molecular characterisation of Brucella species was
performed on DNA extracted from spleen and lymph nodes from seropositive cattle.
Overall awareness of brucellosis was 43.50% (231/531), with highest awareness
among medical professionals (73.40%, 91/124) and the lowest in meat handlers
(14.00%, 20/143). Medical professionals (98.40%, 122/124) did not consider
brucellosis in the differential diagnosis of persistent fever in humans. Seroprevalence
of human brucellosis was 11.64% (113/971, 95% CI: 9.77-13.81), with positive cases
clustered in the 30-40-year age group and in females (64.00%) (z=-5.24, p<0.01).
Individual cattle and herd prevalence of brucellosis was 0.49% (244/49718, 95% CI.
0.43%-0.56%) and 9.26% (78/842, 95% CI: 7.49%-11.41%) respectively, with more
seropositive communal herds (33.09%) and cattle (10.27%) than commercial herds
(4.67%) and cattle (0.24%) (p<0.05). Seroprevalence of brucellosis in the abattoir
was 2.30% (7/304; 95% CI: 1.10-4.70%) based on RBT, and 1.64% (5/304; 95% CI:
0.70-3.8%) after confirmation with CFT, while herd prevalence was 9.62% (5/52).
Brucella DNA was detected in lymph nodes (6/7, 85.71%) and spleens (6/7, 85.71%)

XX



from seropositive cattle using ITS-PCR. From cultures, Brucella abortus isolates
were confirmed from lymph nodes (4/7, 57.14%) and spleen (6/7, 85.71%) by
AMOS-PCR. Targeted public health education, better enforcement of current control
measures and the use of protective gear are recommended to prevent human and

animal infection.
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Chapter 1: General Introduction

1.1. Introduction

Livestock farming is the backbone of the agricultural sector in Namibia. With an
estimated population of 2 800 000, cattle production is the major livestock farming
activity that contributes approximately 62% to total livestock output in Namibia
(Agriculture Statistics Bulletin, 2017). Approximately 70% of cattle are raised on
communal grazing land, where different herds intermingle and share grazing, while
30% are reared on private commercial farms (Agriculture Statistics Bulletin, 2017).
Most cattle (66.6%) are marketed on hoof to neighbouring countries, while the
remainder are slaughtered at export (28.1%) and local abattoirs (5.3%) (Agriculture
Statistics Bulletin, 2017). Statistics show that 84 000 cattle were slaughtered at
export abattoirs and 24 000 cattle at local abattoirs and butcheries in 2017 (Meat
Board of Namibia, 2018). For sustained livestock and beef exports and foreign
currency earnings, a sound sanitary environment in which the major infectious and

zoonotic diseases such as brucellosis are controlled in livestock is mandatory.

Brucellosis is a highly infectious zoonotic disease of great public health and
economic importance that affects both humans and domestic animals in many
regions of the world (Alton, 1991). The disease is caused by bacteria belonging to
the genus Brucella, with B. abortus, B. melitensis and B. suis as primary pathogens
of cattle, sheep or goats, and pigs respectively (OIE, 2018). Brucella infection has
negative impacts on animal health and production (Godfroid et al., 2005) through
abortions, retained placentas, reduced milk production, culling of infected animals
and restrictions imposed on local or international trade, orchitis, epididymitis,
infertility and arthritis (FAO, 2006; OIE, 2018). The disease persists in pastoral
communities due to limited knowledge of the epidemiology of the disease and
insufficient resources and capacity for local diagnosis (McGiven, 2013; Racloz et al.,
2013). Veterinary authorities often place more emphasis on the control of the highly
infectious diseases of economic importance such as Foot-and-Mouth disease
(Hadush & Pal, 2013). The World Organisation for Animal Health (OIE) recognizes



the importance of this disease in relation to international trade and therefore member

states are required to report incidence of the disease on a regular basis.

Human brucellosis is a disease of significant social, economic, and medical
importance (FAO, 2006) and an occupation-associated disease, with the abattoir
workers, farm workers, butchers, laboratory personnel, veterinarians, and veterinary
paraprofessionals at a greater risk of infection (EC, 2001; WHO, 2005). It is a
disease that is often overlooked (Hotez and Gurwith, 2011), and under-reported
(Crump et al., 2013) by public health authorities in developing countries despite its
contribution to disease burden in livestock-dependent areas of Africa (Févre et al.,
2017). In sub-Saharan Africa (SSA), the presence of malaria as a cause of acute
febrile illness is reported to confuse the diagnosis of brucellosis (Crump et al., 2013;
Stoler and Awandare, 2016). Therefore, brucellosis is a neglected (Hotez and
Gurwith, 2011) and re-emerging disease (Pappas, 2010). Globally, about half a
million cases of human brucellosis are reported annually (Pappas, 2010), and this is
thought to be an underestimate (WHO, 2006). Global incidence of the disease has
been reported to vary widely from <0.09 to >10 per 100 000 population (Taleski et
al.,, 2002; Pappas et al.,, 2006; Seleem et al., 2010). In South Africa, annual
incidence of <0.1 to 0.3 per 100 000 population has been reported (Kistner, 1985).

Although brucellosis is endemic in Africa, disease data from bacteriological and DNA
analyses is limited (Whatmore et al., 2016). Therefore, in parts of Africa where the
infection occurs, it is poorly described epidemiologically and genetically (Foster et
al., 2018). Most studies of brucellosis in cattle are based on serological surveys
using the Rose Bengal test (RBT), Complement Fixation Test (CFT) or the enzyme
linked immunosorbent assay (ELISA) singly or in combination (Ducrotoy et al.,
2017), which provide limited understanding of the molecular epidemiology of the
circulating strains. Although culture and isolation are the universally accepted gold
standard method for the detection of Brucella, few laboratories have the biosecurity
level and capacity to perform the test. As a result, data on the prevalence of Brucella

infections in populations is often unreliable.



In Namibia, incidence of brucellosis in humans and livestock has not been
comprehensively investigated. Species and biovars infecting cattle have not been
characterized as serology is mainly used (due to a lack of a biosafety 2+ laboratory),
which only allows for the identification of smooth Brucella to genus level.
Understanding the distribution of biovars is important in ascertaining the source of
infections and for managing disease outbreaks and setting up efficient preventive
and control programs (Garin-Bastuiji et al., 2006; Lucero et al., 2008). Assuming that
the species infecting cattle is B. abortus may not always be true because in other
areas where cattle are reared with sheep and/or goats, B. melitensis has been
isolated (Godfroid et al., 2013).

Brucellosis was first reported in Namibia in 1953 based on serological tests
(Godfroid et al., 2004). Reports from veterinary services and serological studies in
cattle, sheep and goat populations (Madzingira and McCrindle, 2014; 2015; 2016;
Madzingira and Sezuni, 2017) indicate that brucellosis is an endemic disease in
livestock. The most recent outbreak of the disease in Namibia affected both sheep
and humans on one farm in the southern part of the country (Magwedere et al.,
2011). Brucellosis is a notifiable disease in Namibia whose control is based on the
Animal Health Act (Act 1 of 2011) and its associated regulations. Measures for the
control of the disease include compulsory vaccination of heifers between 3 and 8
months of age with an approved vaccine (B. abortus S19), appropriate identification
of infected animals, enforcement of quarantine measures, import restrictions and
supervised culling of brucellosis positive cattle. Apart from commercial dairy herds,
the slaughter of positive reactor cattle and the testing of cows producing milk for
human consumption is not often practiced in other cattle herds, which places the
human population at risk of the disease. Moreover, the implementation of brucellosis
control measures in communal cattle herds is not strictly enforced and that in small
stock is voluntary. Based on personal experience of the researcher, control
measures for brucellosis in Namibia have been better implemented and enforced in

commercial livestock farming systems especially in dairy cattle farms.

The endemic nature of brucellosis and the fact that cattle slaughtered for human

consumption in Namibia are not certified free of brucellosis places meat handlers

3



and other professions that work with and handle animals and animal products at
greater risk of the disease. This is a major concern since the high rate of HIV
infection in Namibia may increase susceptibility, disease burden in the population
and the severity of clinical manifestations. Moreover, there is insufficient
epidemiological data, especially in humans, to support decision making on this re-
emerging zoonosis (Marcotty et al., 2009), as has been highlighted by the WHO
(2009). In particular, knowledge and awareness of the disease, epidemiology of
human brucellosis and the identity of the Brucella species infecting cattle in Namibia
have not been documented. Therefore, the aim of this study was to use a One
Health approach to investigate the epidemiological features of brucellosis in cattle
and humans in Namibia including the estimation of prevalence, spatial and temporal
distributions, to identify risky practices in humans and characterize Brucella species
infecting cattle with a view to recommending measures to improve brucellosis control

in the country.

1.2. Key Questions

Are farmers, meat handlers and medical professionals aware of brucellosis?

What is the seroprevalence of brucellosis in humans and cattle?

How are brucellosis cases distributed over time and among the regions of the
country?

Which Brucella species are the cause of infection in cattle in Namibia?

1.3. Aims and objectives

1.3.1. Aim

To describe the epidemiological features of brucellosis in cattle and humans in
Namibia with a view to proffer advice to guide the implementation of control

measures that can reduce the burden of the disease in humans and cattle.

1.4. Specific objectives
1. To assess knowledge, attitudes and practices related to brucellosis among

farmers, meat handlers and medical professionals.



2. To estimate seroprevalence of brucellosis and determine the distribution of
positive cases in cattle and humans using secondary data.

3. To estimate the seroprevalence of bovine brucellosis at a major abattoir.

4. To characterise Brucella spp. infecting cattle from tissues collected at a major

abattoir.

1.5. Thesis overview

Chapter 1: Provides background information and study objectives.

Chapter 2: Gives a review of literature pertaining to bovine and human brucellosis

from a global and Namibian perspective.

Chapter 3: Knowledge, attitudes and practices relating to brucellosis were gathered
from farmers, meat handlers and medical professionals using questionnaires, with
the aim of identifying gaps and positive experiences that can be used to improve

brucellosis control in the country.

Chapter 4: Using secondary data, seroprevalence of human brucellosis and active
cases was estimated among suspect patients. The association between age,

gender, year, region and seropositivity was analysed.

Chapter 5: A retrospective study was carried out to estimate bovine brucellosis
seroprevalence and determine the distribution of positive reactors among

administrative regions, per year and between cattle production systems in Namibia.

Chapter 6: In this study, seroprevalence of brucellosis was determined at a major
cattle abattoir to infer potential risk associated with infection among abattoir workers.
Further, the study tested bovine tissues (lymph nodes, spleen, and blood) for
Brucella spp. DNA using ITS-PCR. Lymph nodes and spleen collected from
seropositive cattle were cultured for the isolation and characterization of Brucella
spp. using AMOS-PCR.



Chapter 7: Discussion, recommendations, and conclusions are detailed based on

findings of the entire project.
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Chapter 2: Literature Review

2.1. Brucellae

2.1.1. General

Brucellosis is a zoonosis that is caused by several closely related bacteria belonging
to the genus Brucella. The genus is named after Sir David Bruce, who isolated the
first species (now Brucella melitensis) in 1887 from a case of brucellosis which had
killed a British soldier in Malta (Nicolleti, 1980). Clinical disease is known by different
names in various parts of the world, including undulant fever, Malta fever, Bang’s

disease, contagious abortion, or infectious abortion.

2.1.2. Taxonomy of Brucella

The genus Brucella (Meyer and Shaw 1920) belongs to the family Brucellaceae,
order Rhizobiales, class Alphaproteobacteria and phylum Proteobacteria (Bergey
and Holt, 1994). Alphaproteobacteria include symbionts such as Wolbachia and
Sinorhizobium, and facultative or obligate extracellular and intracellular pathogens of

mammals such as Bartonella, Rickettsia and Brucella (Tsolis, 2002).

The Brucella genome is made up of two chromosomes (except B. suis biovar 3) and
no plasmids. At present, the genus has twelve recognized species
(http://www.bacterio.net/brucella.html) (Table 2.1). There is a high genomic similarity
(> 90%) between Brucella spp. as demonstrated by molecular assays (Halling et al.,
2005) which makes it difficult to distinguish strains based on basic molecular
techniques (Huber et al., 2009). Previously, the genus Brucella was classified as one
species (B. melitensis) with several biovars (Verger et al., 1985), but due to a lack of
practicality of the classification system, the Brucella Taxonomy Subcommittee
reverted to a classification system based on the six ‘classical’ species (B. abortus, B.
melitensis, B. suis, B. neotomae, B. canis, B. ovis) (Osterman and Moriyon, 2006).
This system distinguishes Brucella species based on microbiological, molecular, host

preferences and pathogenicity differences (Osterman and Moriyon, 2006).
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Table 2.1: Brucella species, their preferential hosts and zoonotic potential.

Species Smooth /rough Hosts

Brucella abortus Smooth cattle, camels, wild ungulates,
humans

Brucella melitensis ~ Smooth sheep, goats, cattle, camels,
humans

Brucella ovis rough sheep, red deer (New Zealand)

Brucella suis Smooth pigs, wild boar, cattle, humans

Brucella canis rough dogs, humans

Brucella neotomae = Smooth Wood/desert rats

Brucella ceti Smooth Dolphins, humans

Brucella inopinata Smooth Humans (breast implant)

Brucella microti Smooth Wild voles

Brucella papionis Smooth Baboons (Papio spp.)

Brucella Smooth Seals, humans (rare)

pinnipedialis

Brucella vulpis Smooth Red foxes (Vulpes vulpes)

Sources: Corbel and Brinley-Morgan, 1984; Godfroid, 2002; Godfroid et al., 2005;
Verger, 1985; Al Dahouk et al., 2017; Scholz et al., 2008; Foster et al., 2007; Scholz
et al., 2009; Whatmore et al., 2014; Suarez-Esquivel et al., 2017

2.1.3. Smooth and rough strains of Brucella

Brucella species can also be classified into smooth (B. abortus, B. melitensis, B. suis
and B. neotomae) and rough (B. ovis and B. canis) strains (Table 2.1) (FAO, 2003;
Godfroid et al., 2004; Moreno and Moriyén, 2006) based on the structure of the
lipopolysaccharide (LPS) component of the bacterial cell wall. The LPS of smooth
strains consists of lipid A, a core of oligosaccharide, and the O-antigen, while the O-
antigen is absent or is made up of a few sugars in rough strains (Corbel, 1997). The
structure of the cell wall plays a role in the pathogenicity of strains, with smooth

strains more pathogenic than rough strains (Jiménez de Bagles et al., 2004).
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2.1.4. Morphology, growth characteristics and survival of Brucella spp.

Brucella are gram-negative, non-motile, aerobic cocci, coccobacilli or short rods that
do not form spores or capsules. They are approximately 0.6 to 1.5 pum in length and
0.5 to 0.7 pm in width (Alton and Forsyth, 1996). Most Brucella species, except B.
melitensis, grow best in an environment with 5 - 10% carbon dioxide (Alton et al.,
1988). Growth of cultures is at maximum in media containing serum or blood, at a pH
of 6.6 - 7.4 and temperatures of between 36 - 38°C (Alton et al., 1988). The classical
Brucella species are fastidious. They grow slowly in cultures due to limited metabolic
activity, whereas B. microti and B. inopinata grow faster on cultures due to their high
metabolic activity and biochemical profiles (Al Dahouk et al., 2010). On MacConkey
agar, Brucella do not ferment lactose, or produce acid from glucose and do not show
haemolysis on blood agar. Characteristically, they reduce nitrate, are catalase-
positive, citrate-, indole- and VP-negative, and in most cases, oxidase and urease-
positive (OIE, 2018).

2.1.5. Brucella as a cause of disease in animals and humans

Brucella melitensis, B. abortus, B. canis and B. suis are preferentially the main
pathogenic species for sheep and goats, cattle, dogs, and pigs respectively. Bovine
brucellosis caused by B. melitensis biovars has been reported infrequently in cattle
raised together with small ruminants in Africa, Western Asia, and southern Europe
(Verger, 1985; Jiménez de Bagues et al., 1991; Corbel, 1997; Godfroid et al., 2013).
Brucella suis biovars have also been isolated from cases of bovine brucellosis
(Szulowski et al., 2013; Ledwaba et al., 2014; 2019). Among the Brucella species, B.
melitensis causes the most acute and severe form of undulant fever worldwide
(WHO, 2006). Brucella canis is an underestimated cause of zoonotic disease
(Dentinger et al., 2014). Few naturally acquired cases of B. ceti infections have been
reported in humans (Sohn et al., 2003, McDonald et al., 2006), but reports of B. ceti
and B. pinnipedialis as causes of human disease are rare (Osterman and Moriyon,
2006). Brucella inopinata is a zoonotic pathogen which was first isolated from a

breast implant infection in humans (De et al., 2008).

Brucella abortus has eight biovars, 1-6, 9 (Whatmore, 2009) and 7 (Spickler, 2018);
B. melitensis is divided into three biovars (1, 2, and 3) (Bricker and Halling, 1994);
14



while B. suis has five biovars (biovars 1, 2, and 3 infect pigs, biovars 4 and 5 infect
reindeer and small rodents respectively) (Whatmore, 2009). In southern Africa, B.
abortus biovar 1 has been isolated from most infections in cattle (Bishop et al., 1994;
Mohan et al., 1996).

2.1.6. Survival of Brucella in different environments

Depending on environmental temperatures, Brucella bacteria can survive for longer
periods in moist organic matter (Crawford et al., 1990; CFSPH, 2007) such as an
aborted foetus kept under a shade (Crawford et al., 1990), but cannot withstand hot
and dry conditions. Survival of Brucella in foods such as milk or cheese depends on
moisture content, age of product, temperature, pH, presence, or absence of other
bacteria. A pH of less than 3.5, as in ripened cheese, kills Brucella (WHO, 2006).
Muscle tissue contains low numbers of bacteria than lymph nodes, uterine fluids and
the infected foetus (WHO, 2006). Survival of the bacteria in chilled meat is of limited
duration because of the low pH attained by matured meat. However, Brucella can

survive for many years in frozen meat (EC, 2001).

2.2. Epidemiology of brucellosis

2.2.1. Global distribution and economic importance

Brucellosis is a neglected zoonosis (Pappas, 2010) that is emerging and re-
emerging in many parts of the world (WHO, 2011). The disease is endemic and a
public health concern in many parts of the world (Moreno, 2014) including Africa
(Ducrotoy et al., 2017), the Middle East (Corbel, 1997), Mediterranean region
(Pappas et al., 2006), Asia, Central and Southern America (Pappas et al., 2006).
Brucellosis has been reported in 86 different countries worldwide (Khan and Zahoor,
2018), but several countries including Japan, New Zealand, Australia, Canada, and
Western and Northern Europe have eradicated the disease (OIE, 2018). In sub-
Saharan Africa, the disease is endemic in countries or parts of countries where
extensive pastoral production systems are practised and where disease surveillance
and control activities are limited (McDermott and Arimi, 2002). In Namibia,
serological evidence has shown that the disease is endemic in cattle, sheep, and
goats (Magwedere et al., 2011; Madzingira and McCrindle, 2014; 2015; 2016).
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Brucellosis places large burdens on human healthcare systems and limits the
economic potential of animals, individuals, communities, and nations (Franc et al.,
2018). The economic burden of brucellosis on cattle production are due to abortions,
retained placentas, temporary or permanent infertility in both cows and bulls, birth of
weak calves that die soon after birth, arthritis or bursitis, reduced meat and milk
yield, loss of infected animals due to culling or slaughter, costs associated with
implementing control or prevention programs (McDermott and Arimi, 2002; Corbel,
2006; McDermott et al., 2013; Franc et al., 2018). In addition, brucellosis poses a
potential barrier to national and international trade due to the strict and costly
sanitary measures that are implemented to control the disease (Bricker and Halling,
1994; Sreevatsan et al., 2000; Godfroid, 2002; Caminiti et al., 2017). Financial
losses attributable to bovine brucellosis outbreaks and control have been estimated
at US$ 448 million in Brazil (Santos et al., 2013), US$ 3.4 billion in India (Singh et
al.,, 2015) and US$150 million in the United States of America (Boschiroli et al.,
2001) per year.

2.2.2. Brucella transmission
2.2.2.1. Transmission in cattle

Transmission of brucellosis is primarily by ingestion, inhalation or contact with
Brucella bacteria that are present in large numbers in contaminated milk, feed, or
water, foetal membranes, aborted foetuses and post parturient uterine or vaginal
discharges of infected animals (Garin-Bastuji et al., 1998; Mangen et al., 2002).
Inhalation of contaminated aerosol or dust particles occurs when cattle sniff at
aborted fetuses, fetal membranes and vaginal discharges (Godfroid et al., 2004).
Brucella can also enter a host through direct contact with mucus membranes,
wounds, intact or broken skin (Ibironke et al., 2008; Kahn, 2008). Vertical
transmission affects a limited number of calves born of dams with latent infections.
Up to 10% of calves born to B. abortus infected cows have latent infections and
remain seronegative until about the middle of the first gestation or later, when
antibodies become detectable or abortions occur (Catlin and Sheehan, 1986). Some
calves infected in utero or at birth may clear the infection after some months
(Nicoletti, 1980). The majority of latently infected female calves abort at their first
16



pregnancy (Godfroid, 2018) and transmit the infection to the rest of the herd.
Suckling of colostrum or milk from infected dams can result in neonatal infection
(Bercovich et al., 1990). In particular, the practice of mixing colostrum from different
cows for calf feeding increases the risk of infection (FAO, 2006). Persistent infection
of the mammary glands and supramammary lymph nodes can lead to constant or
intermittent shedding of the organisms in the milk in subsequent lactations. Brucella
infection of the bovine mammary gland may also occur through the teats from
contaminated milk cups (Spickler, 2018). Brucella infected cows abort once in their
lifetime but may carry infection for many years or for life (Spickler, 2018), with
subsequent pregnancies carried to term and excretion of bacteria persisting in

vaginal discharges and milk.

In bulls, infection may be acquired in-utero or in the early calf hood period, localize
and persist in the testes and accessory sex glands, with shedding of Brucella in
semen and urine (Spickler, 2018). Although bulls may intermittently excrete Brucella
bacteria in semen, venereal transmission is not considered an important source of
transmission to cows (Godfroid, 2018), unless the infected semen is deposited in the
uterus by artificial insemination (Amin et al., 2001; FAO, 2006). It has been
hypothesised that antimicrobial factors in the cervix inhibit Brucella survival (Nicoletti,
1980), thus limiting the chances of infection. Where recommended procedures for
embryo harvesting, preservation and transfer have been followed, embryo transfer is
safe in all species (WHO, 2006).

2.2.2.2. Transmission to humans

Humans are accidental and dead-end hosts of brucellosis (Ibironke et al., 2008). The
disease is an occupational risk for professions such as herders, veterinarians,
abattoir workers, dairy workers, livestock farmers, laboratory professionals, tanners
and hunters who work with and handle animals and their products (EU, 2001;
Godfroid, 2002; WHO, 2005). Infection is acquired from animal reservoirs directly or
indirectly through contact with infected animals or animal material such as aborted
foetuses, calves born to infected cows, gynaecological and obstetrical manipulations,
rectal examination of infected cows, vaginal discharges, foetal membranes, foetal

fluids, or the ingestion of contaminated animal products (raw milk, meat, home-made
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cheese and ice cream) or the inhalation of contaminated animal faeces (Peelman
and Dekeyser, 1987; Corbel, 1997; Tuon et al., 2017). Lambing, kidding, and
parturition are periods associated with a high risk of human infection (EU, 2001).
Consumption of contaminated unpasteurized milk and dairy products is the most
common and epidemiologically important source of human infection (Godfroid et al.,
2005) because large volumes can be consumed at one time (FAO, 2010). Among
dairy products, cheese made from raw milk presents a greater risk for human
infection (Carvalho Neta et al., 2010) because the cheese making process
concentrates Brucella bacteria (EU, 2001). Soft fresh cheeses present a greater risk
for human infection than matured hard cheese, because the higher pH promotes
Brucella survival. In communities, where the liver and spleen are consumed raw, a
risk of Brucella infection exists, as these organs can be highly contaminated
(Godfroid et al., 2005). Inhalation of Brucella is an important route of infection for
persons working in laboratories and abattoirs (Seleem et al., 2010). Very rarely,
person-to-person transmission through tissue transplantation, blood transfusion,
bone marrow transplantation, hospital exposure, sexual or laboratory transmission,
transplacental or perinatal exposure may occur (Giannacopoulos et al., 2002;
Carrera et al., 2006; Kato et al., 2007; Kotton, 2007; Mesner et al., 2007; Tuon et al.,
2017).

2.2.3. Risk factors for infection in cattle

Risk factors associated with Brucella infection can be categorized into those
determinants necessary for the transmission and maintenance of the disease within
herds (herd immunity, type of housing, stocking density, use of maternity pens) and
those factors that are required for the transmission of the disease between herds
(lack of biosecurity, intermingling with other herds and sources of water) (Nicoletti,
1980). Factors related to the host, the agent, the environment, and management
practices determine the extent of exposure, spread and maintenance of brucellosis
in a geographical area (Godfroid, 2002). Risk factors for the transmission or
occurrence of brucellosis in domestic animals have been reviewed by Coelho et al.
(2015) and include absence of designated calving areas, age, sex, breed, species,
herd size, availability of cleaning and disinfection procedures, use of communal

pastures, contact with wild animals, intensive management, introduction of new
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animals into a herd and stocking rate. A study in Cameron also identified age, sex,
knowledge of brucellosis, herd size and geographical location as animal-level risk

factors for brucellosis (Awah-Ndukum et al., 2018).

Host susceptibility and establishment of Brucella infection is variable and dependent
on the ruminant species, reproductive status, age, sex, immune status, virulence,
and the infection dose (EU, 2001). Pregnant cows are at a higher risk of Brucella
infection than non-pregnant cattle and bulls (Crawford et al., 1990), due to the
tropism of Brucella for the gravid uterus and foetal tissues (Coelho et al., 2013). The
gravid uterus produces erythritol (FAO, 2006), a sugar that promotes the growth of
some Brucella bacteria (Crawford et al., 1990). However, pathogenic Brucella
species have also been recovered from the reproductive tracts of cattle in the
absence of erythritol (EU, 2001), putting doubts to this theory. Brucella abortus strain
19 is inhibited by the presence of erythritol (Duffield et al., 1984). However, some
variants of S19 can tolerate erythritol, which may be the reason why S19 vaccines

can occasionally cause abortions in cattle (Dorneles et al., 2015).

Seroprevalence of brucellosis has been reported to be higher in older than younger
cattle (Muma et al., 2006; Solorio-Rivera et al., 2007; Sanogo et al., 2012) due to an
age-related waning of immunity and a longer period of exposure to the pathogen
(Megersa et al.,, 2011). Since susceptibility increases with sexual maturity and in
pregnant cattle, brucellosis is considered a disease of adult cattle (Bekele et al.,
2011). Therefore, cows that remain for long periods in a herd present a higher risk of

infection to the herd.

Abortion history, herd size, insemination method and farm management practices
(lack of disinfection of environment after abortion, sharing of calving space, new
animal purchases and sharing of grazing by animals from different herds) have been
identified as risk factors for the occurrence of brucellosis in a herd (Makita et al.,
2011; Anka et al., 2014; Lindahl et al., 2014). The major risk factor for introducing
brucellosis in a free cattle herd is the introduction of new animals without
implementing biosecurity measures (EC, 2001; McDermott and Arimi, 2002). In

Zambia, geographical location, husbandry practices, herd size, breed and contact
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with wild animal species have been reported as risk factors for brucellosis in cattle
(Muma et al., 2007). The development of the game farming industry has also been
implicated as a cause of the re-emergence of brucellosis in livestock, because of the
lack of pre-movement screening and an increase in the density of infected game
species (Godfroid, 2002). Mixed rearing of several animal species has been
identified as a risk factor for Brucella seropositivity due to the presence multiple

sources of infection (Al-Majali et al., 2008; Bekele et al., 2011; Megersa et al., 2011).

Large and mobile pastoral herds that regularly mingle with other herds at communal
grazing areas (EU, 2001; McDermott and Arimi, 2002; WHO, 2006) in southern
Africa, as also happens in Namibia, are at a greater risk of brucellosis than confined
herds. This explains the higher brucellosis seroprevalence reported in cattle in
communal areas than in urban and peri-urban areas (Boukary et al., 2011; 2013). A
higher prevalence of brucellosis is associated with large than small cattle herds
(Coelho et al., 2013). In small cattle herds, diseased animals can be easily identified
and a high vaccination coverage can be easily achieved (Mainar-Jaime and
Vazquez-Boland, 1999; Godfroid et al., 2011). The time of parturition is also a period
of high risk of infection for cattle, sheep, goats, and humans (WHO, 2006).

2.2.4. Prevalence of brucellosis in cattle

McDermott et al. (2013) reported a prevalence of 0-68% in cattle in Africa and Asia
based on different methods. In South Africa, the prevalence of bovine brucellosis has
been estimated at 0-1.5% in cattle herds (Hesterberg et al., 2008) and at 5.5% at an
abattoir (Kolo et al., 2019). In Namibia, results of a few serosurveys that have been
carried out over the years, show that the prevalence of anti-Brucella antibodies in
domestic ruminants including cattle, is less than 2% (Magwedere et al., 2011,
Madzingira and McCrindle, 2014; 2015; 2016; Madzingira et al., 2020). In Argentina,
herd and individual animal prevalence are around 10-15% and 4-5% respectively, in
Chile and Uruguay, the prevalence of brucellosis is less than 1% (Aznar et al., 2014),
while in Central America, prevalence of bovine brucellosis is estimated at 4-8%
(Lucero et al., 2008).
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2.2.5. Prevalence, incidence, and risk factors for brucellosis in humans

Prevalence and spatial distribution of brucellosis in the human population typically
corresponds with the observed trends in animals (Corbel, 2006; Makita et al., 2010;
Osoro et al., 2015). The highest prevalence of human disease has been reported in
Africa, Asia, Latin America, and the Middle East (Hull and Schumaker, 2018).
Ineffective animal and public health programs have been implicated as the reason
for increasing brucellosis cases in humans (FSAI, 2009). In high-risk human
populations, such as veterinarians, livestock handlers, and abattoir workers, an
average prevalence of 11% has been reported, while in hospital patients in which the
disease was consistent with the clinical picture, a seroprevalence of 7% was
reported (McDermott et al., 2013). About 12% of laboratory workers in Spain get
brucellosis during routine fieldwork (Bouza et al., 2005; Kose et al., 2014). In the
Czech Republic, in a survey of 479 veterinarians, 32.4% were serologically positive,
whilst 17.5% showed clinical symptoms of brucellosis (Kouba, 2003). A higher
prevalence of brucellosis has been reported in males (90%) (Tay et al., 2015) due to
their regular involvement in the handling of livestock and their products (Khan and
Zahoor, 2018). However, other studies have reported a higher incidence rate of the
disease in females in rural areas (Boschiroli et al., 2001; Mantur et al., 2006) further
asserting the fact that brucellosis has no gender association but is occupation
specific. Reports indicate that brucellosis is common in people of 13-45 years of age
(Makita et al., 2008; Tay et al., 2015), but the aged are more vulnerable to severe
forms of the disease (Fallatah et al., 2005). The disease is rarely reported in children
except in regions where pasteurization of milk is not practiced (Alp and Doganay,
2008). Among other factors, the socio-economic status of a population (Musallam et
al., 2016), age (Fallatah et al., 2005; Makita et al., 2008) and the occurrence of
human immuno-deficiency virus (HIV) infections (Moreno et al., 1998) have been

identified as factors affecting the incidence of the disease in endemic areas.

Incidence of human brucellosis varies widely. About half a million cases of human
brucellosis are reported worldwide each year (Pappas et al., 2006; Pappas, 2010).
True incidence is estimated to be 10 - 25 times higher (WHO, 1997; Berger, 2016),
with most cases occurring in developing countries (Hald et al., 2016). The highest

incidence of human brucellosis around the world has been reported in the Middle
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East (Pappas et al., 2006). Globally, the incidence of the disease has been reported
to vary from <0.03 to >160 per 100 000 human population with the highest incidence
in Syria (Pappas et al., 2006; Spickler, 2018). In most developed countries where
brucellosis has been eradicated from animals, incidence is less than one case per
100,000 population. However, in the EU and the USA, an annual incidence of
brucellosis of 32.5 (Minas et al., 2007a) and 0.02 to 0.09 per 100 000 population
(Dean et al., 2012a) respectively, has been reported. In Africa, incidence of <0.09 to
>8.43 per 100 000 population has been reported (Taleski et al., 2002; Pappas et al.,
2006; Seleem et al., 2010), while in South Africa, the annual incidence rate was
between <0.1 and 0.3 per 100,000 population (Kistner, 1985). Official reports on
incidence, prevalence, or risk factors for human brucellosis in Namibia were not

found in the literature.

2.3. Clinical manifestation

2.3.1. Cattle

The incubation period for brucellosis varies from 14 to 120 days (Seifert, 1996).
Brucellosis manifests acute to sub-acute or chronic signs depending on the organ
and the type of animal infected (Curro et al., 2012). Ruminants infected for the first
time generally abort once in their lifetime in the mid third or second half of gestation
(5" to 9™ month), with subsequent pregnancies carried to term (Radostits et al.,
2000; CFSPH, 2007; Carvalho Neta et al., 2010) and in milk (OIE, 2018). Depending
on the severity of uterine infection, stillbirths, retained placentas and the birth of
weak and sickly newborns that may die soon after birth may occur (Spickler, 2018).
Retention of the placenta and secondary metritis are common sequelae to abortions
(Walker, 1999) which may exacerbate reproductive wastage by delaying the return to
oestrus and may produce permanent infertility. Other signs that have been observed
in cattle are delayed calving, male infertility, and a marked reduction in milk yield
(Garofolo et al., 2016; Celebi et al., 2007; Arif et al., 2017; Curro et al., 2012) with no
apparent clinical evidence of infection in the udder (Spickler, 2018). Pregnant cows
may show visible swelling of the mammary gland which extends to the navel region
(Khan and Zahoor, 2018). Bleeding from the vagina may also occur, even if the cow
does not abort (Fensterbank, 1987). In bulls, the disease may in rare cases be

characterized by fever, unilateral or bilateral orchitis with enlarged or normal testes
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(Spickler, 2018). Unilateral or bilateral arthritis and hygromas can develop in long-
term infections and cause a negative impact on production and reproduction (Alton,
1990; Mangen et al., 2002; CFSPH, 2007; OIE, 2018).

2.3.2. Humans

Exposure to Brucella may or may not result in infection or antibodies detectable by
serology and may not always result in clinical symptoms (Godfroid, 2017).
Spontaneous recovery may occur following infection. Human brucellosis is an acute
febrile flu-like disease with varied and non-specific symptoms that are often confused
with symptoms due to other infectious diseases such as malaria and typhoid,
paratyphoid and influenza (Seleem et al., 2010). After an incubation period of 2 to 4
weeks or several months long, the disease manifests as an acute infection
accompanied consistently by an intermittent or undulant fever, with body
temperature reaching up to 40°C (Reguera et al., 2003; WHO, 2005; FAO, 2006;
Seleem et al., 2010). Symptoms may go on for months before the illness becomes
severe and debilitating as to require medical attention (FAO/WHO, 1986). The
course of the disease may progress to subacute or a chronic relapsing infection with
severe complications (Pappas et al., 2005; Dean et al., 2012b), if diagnosis and
treatment are delayed (FAO, 2006). Clinically, infected patients may exhibit a cough,
experience difficult breathing (Sharda and Lubani, 1986; Mili et al., 1993; Pappas et
al., 2005), malaise, anorexia, headache, arthralgia, myalgia, chills, sweating, chronic
fatigue, insomnia, anorexia, weight loss, polyarthritis, meningitis, pneumonia,
endocarditis, back pain and prostration (Araj, 1999; Reguera et al., 2003; Godfroid,
2002; Carvalho Neta et al., 2010; Seleem et al., 2010; Buzgan et al., 2010; Dagli et
al., 2011; Zhong et al., 2013). The severe complications related to the
musculoskeletal system such as joint and back pain are linked to the chronic phase
of the disease (Kose et al., 2014). In pregnant women, abortions in the first or
second trimesters, congenital malformations, premature delivery, death of the foetus,
newborn or even maternal death may occur (FAO, 2006; Seleem et al., 2010;
Vilchez et al., 2015). In males, orchitis with visible swelling of the testes and burning
micturition due to urethritis have been reported in infected individuals (Smith and
Kadri, 2005). Despite the severe clinical manifestations and the life-threatening
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complications, the case fatality rate for untreated cases of brucellosis is extremely
low (<1%) (Al Dahouk and Ndckler, 2011).

2.4. Diagnosis of brucellosis

2.4.1. Bovine brucellosis

Brucellosis should be considered in bovines presenting with a suggestive clinical
picture using laboratory tests. Diagnostic tests for the detection of Brucella infection
have been extensively reviewed (EU, 2001; Nielsen, 2002; Gall and Nielsen, 2004;
Nielsen et al., 2004; FAO, 2006; Godfroid et al., 2010; Nielsen and Yu, 2010; OIE,
2018). Diagnosis of bovine brucellosis is based on a battery of diagnostic tests since

no one assay can identify all infected and disease-free animals.

2.4.1.1. Serological diagnosis of bovine brucellosis

Indirect diagnostic tests based on serology are the most common and readily
available approaches for detecting Brucella infections in bovines (Weynants et al.,
1995). Test repetitions and combinations are often necessary to reach a diagnosis.
Serological tests are performed for the purposes of screening, prevalence studies,
confirmatory diagnosis, certification for trade purposes, or for continuous surveillance
following eradication of the disease. An ideal serological test is one that is validated
and able to differentiate between infected and exposed animals (Blasco et al., 1994).
Most serological tests cannot differentiate between antibodies induced by
vaccination with smooth Brucella spp. vaccines and antibodies produced by other
gram-negative bacteria with an identical OPS structure such as Yersinia
enterocolitica O: 9 (Nielsen et al., 2006; McGiven et al., 2012), which leads to false
positive serological results (Weynants et al., 1996; Mufioz et al., 2005; Corbel, 2006;
OIE, 2018). Escherichia coli O157:H7, Vibrio cholera, Francisella tularensis can also
cross react with Brucella spp. in serological tests due to the shared antigenic
determinant N-acetylated-D-perosamine (Garin-Bastuji et al., 1999). Serological
tests cannot detect Brucella antibodies during the early stages of the infection (up to
12-16 days). Furthermore, all naturally occurring biovars of Brucella spp. have
common immunodominant epitopes associated with the surface smooth LPS (SLPS),
therefore the infecting species cannot be identified using serological tests (Godfroid
et al., 2010; Ducrotoy et al., 2016).
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In Namibia, serological testing of brucellosis is carried out using the Rose Bengal
test (RBT) as a screening test and the complement fixation test (CFT) as a
confirmatory test following the latest guidelines in the OIE (2018).

2.4.1.1.1. Rose Bengal test (RBT)

The RBT is a fast and simple slide agglutination test that is performed using a
stained B. abortus antigen suspension at a buffered pH of 3.6-3.7 and plain test
serum. It is based on the reactivity of antibodies in test serum against the stained
antigen. It is a highly sensitive test, which makes it an ideal test for the initial
screening of herds for infection (OIE, 2018). However, RBT has a low specificity
especially in low prevalence areas (FAO, 2010). Ruiz-Mesa et al. (2005) reported an
overall sensitivity of 92.9% for the RBT. According to Bercovich (1998) and Diaz-
Aparicio et al. (1994), the RBT has a specificity (Sp) of between 71-80% and a
sensitivity (Sp) of 78-100%. Other studies (Gall and Nielsen, 2004; Mufioz et al.,
2005; Minas et al., 2007b; Ramirez-Pfeiffer et al., 2008; Greiner et al., 2009; Matope
et al., 2011; Abernethy et al., 2012; Sanogo et al., 2013) have reported Se and Sp in
cattle of 53% to 100% and 79% to 100% respectively. False negative results are
rare, but false positives are possible, especially in cattle vaccinated with B. abortus
S19.
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2.4.1.1.2. Complement fixation test (CFT)

The CFT is a more specific test than the RBT, but is time consuming and complex,
requiring several reagents, specialised equipment, and skilled laboratory personnel.
It is commonly used in series (warm fixation) to confirm the status of animals
reacting positive on the RBT (OIE, 2018). In other regions, ELISA and FPA assays
are increasingly being preferred for this purpose (OIE, 2018). Haemolysed serum
samples or serum with anti-complement activity can limit the performance of the CFT
(Nielsen et al., 2004). The CFT detects IgM and 1gG anti-Brucella antibodies that
activate complement. A sensitivity of 53-100% and a specificity of 65-100% has been
reported for the CFT (Gall and Nielsen, 2004; Greiner et al., 2009; Abernethy et al.,
2012). Bercovich (1998) determined a specificity of 98% and a sensitivity of 81% for
the CFT. Like other serological assays, CFT may give positive results in cattle that
were vaccinated using B. abortus S19 vaccine. The relatively low sensitivities of the
RBT and CFT tests may result in discrepancies between results of the two tests.
Parallel use of the RBT and CFT tests has been reported to increase the sensitivity
of the diagnosis compared to series application, but is more expensive (FAO, 2010).
The RBT and CFT are OIE recommended tests for international trade in livestock
(EU, 2001; Nielsen, 2002; FAO, 2010).

2.4.1.1.3. Enzyme linked immunosorbent assay (ELISA)

ELISA tests detect IgM, IgG and IgA antibodies against the smooth LPS allowing for
the detection of the stage of Brucella infection (acute or chronic). It is an ideal assay
for screening large populations of cattle for Brucella antibodies especially in endemic
areas. It is recognized that the detection of IgG antibodies (as by ELISA) is a more
sensitive approach for diagnosing brucellosis than the detection of IgM antibodies.
However, a combination of IgM and 1gG ELISA tests is recommended as the most
effective for the diagnosis of brucellosis (Araj, 2010; Sathyanarayan et al., 2011;
Agasthya et al., 2012). In cattle, indirect ELISA (i-ELISA) is used to detect anti-
Brucella antibodies in serum or milk (Di Febo et al., 2012). It is sensitive and specific
for B. abortus or B. melitensis but cannot differentiate antibodies induced by Brucella
abortus S19 or Brucella melitensis Revl vaccine strains (OIE, 2018). The sensitivity

of i-ELISA has been reported to vary from 96% to 100% and the specificity from
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93.8% and 100% (Gall and Nielsen, 2004). In general, the diagnostic sensitivity of i-
ELISA is equal or greater than that of the RBT or the CFT, but the specificity is lower
(Praud et al., 2012).

Competitive ELISA (c-ELISA) is another ELISA assay variant. It uses smooth
Brucella S-LPS or OPS antigens to detect anti-Brucella antibodies in cattle, sheep,
goats, and pig sera. The c-ELISA can detect and differentiate antibodies resulting
from vaccination and natural infection (Nielsen et al., 1996; Nielsen and Yu, 2010). It
has also been reported to reduce false positive serological reactions caused by
cross-reacting bacteria in cattle (Munoz et al., 2005). The sensitivity of the assay is
between 92% and 100%, while the specificity ranges from 90% to 99% (Perrett et al.,
2010; Godfroid et al., 2010). In most cases, results of ELISA and CFT tests are
compatible (Ruppanner and Taaijke, 1980; Stemshorn et al., 1980; Bercovich and
Taaijke, 1990). However, because ELISA is more expensive than CFT, most
developing countries use CFT rather than ELISA as a confirmatory test, despite CFT
being a laborious method.

2.4.1.1.4. Other serological tests

The milk ring test (MRT) is a cheap, simple, and fast assay for screening for
brucellosis in dairy herds by testing combined milk samples (Radostits et al., 2000).
It detects lacteal anti-Brucella IgM and IgA antibodies bound to milk fat globules
(OIE, 2018). As a result, milk that contains a low concentration of lacteal IgM and IgA
or that lacks the fat-clustering factors may give false negative results on the test
(Patterson and Deyoe, 1976). Lacteal antibodies decline rapidly following an abortion
or parturition, thus reducing the reliability of the MRT as a test for detecting anti-
Brucella antibodies in bulk milk or individual cows. In large herds (>100 lactating
animals), the sensitivity of the test is low (Radostits et al., 2000). False positive
reactions may occur in animals vaccinated about four months prior to testing; in milk
at the end of a lactation and in samples containing abnormally acidic milk due to
colostrum or mastitis (OIE, 2018). Therefore, the MRT is not recommended for small
dairy herds, where colostrum and mastitis can have a greater impact on the test

results.
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The fluorescence polarization assay (FPA) is a rapid and simple but less common
assay, which quantifies antibody and antigen reactions. The assay has a high
sensitivity and specificity in cattle and goats (Lucero et al., 2003, McGiven et al.,
2003, Ramirez-Pfeiffer et al., 2006). FPA can be performed in field settings but

requires specialised equipment that is expensive.

The brucellin skin test (BST) is an immunological assay that can be used to screen
unvaccinated cattle herds for brucellosis (Pouillot et al., 1997). However, cattle
vaccinated with B. abortus S19 or RB51 may react positively on this test for many
years (Pouillot et al., 1997; De Massis et al., 2005). Therefore, the BST is not useful
in areas where cattle are routinely vaccinated against brucellosis. A positive result
shows as a local swelling or skin thickening of 1.5-2 mm (OIE, 2018).

2.4.1.2. Culture, isolation, and identification of Brucella from specimens

Culture, isolation and typing of Brucella mainly from tissues (animals), blood, bone
marrow and cerebrospinal fluid (humans) is the gold standard test for confirmation of
Brucella infection (Nielsen, 2002). In cattle, lymph nodes, spleen, foetal membranes,
aborted foetuses, vaginal discharges, hygroma fluid, milk including colostrum,
epididymis and testes are valuable samples for culture and isolation of Brucella
bacteria (FAO, 2003; FAO, 2010; OIE, 2018). Bacterial isolation requires a well-
equipped high biosecurity laboratory (minimum of a BSL 2+), skilled personnel and
presents an occupational health hazard to laboratory staff (Godfroid et al., 2014).
Culture has low sensitivity, especially in chronic cases where bacterial numbers are
low (Godfroid et al., 2004) and is impractical for surveillance testing of large herds.
Often, several specimens from the same sample must be tested to increase
sensitivity (Gall and Nielsen, 2004). Further, bacterial isolation has a relatively long
culture time due to the slow growing nature of smooth Brucella species and
characterization and typing tests are complex (Mangen et al., 2002; FAO, 2010;
Godfroid et al., 2010). However, bacterial isolation enables speciation, typing and
determination of antibiotic susceptibility profiles of isolates and epidemiological

investigation of disease outbreaks to be carried out (Lee et al., 2013).
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Commercial basal solid media such as tryptose soy agar (TSA), blood agar and
serum dextrose agar (SDA) supplemented or not supplemented with equine or
bovine serum (2-5%) are ideal media for Brucella growth and observation of colonial
morphology (Alton et al., 1988). For contaminated field specimens such as lymph
nodes, the use of selective media, such as Modified Farrel’'s medium (FM) that
inhibit the growth of contaminants is highly recommended (OIE, 2018). Modified
Thayer-Martin (mTM) media is a less selective media and opaque, hence, it is not
suitable for observation of colonial morphology (Alton et al., 1988). Both Farrell's and
the Thayer-Martin media are suitable for the culture and isolation of Brucella from
homogenized tissue samples (Godfroid et al., 2010). CITA, is a selective media that
is translucent and more sensitive than mTM and FM for isolating smooth Brucella
species (including B. abortus) from contaminated field specimens (De Miguel et al.,
2011). Brucella cultures are grown for 10-14 days in an atmosphere containing 5-
10% carbon dioxide (except B. melitensis), at temperatures of 36 - 38°C and a pH of
6.6-7.4 (Alton et al., 1988).

2.4.1.2.1. Identification of Brucella from cultures

Presumptive identification of Brucella spp. from cultures is performed by a
combination of assessment of colonial morphology, Gram or Stamp staining, growth
characteristics, catalase, oxidase, and urease tests (Alton et al., 1988; Corbel and
Banai, 2005) and the slide agglutination test. In the slide agglutination test,
polyclonal antiserum against smooth Brucella spp. is mixed with a suspension of
colonies in saline (Alton et al., 1988; Al Dahouk et al., 2003). Smooth Brucella
colonies are round, translucent, with a pale honey colour, a diameter of about 1-2
mm, and a convex, circular, and smooth outline (OIE, 2018). Rough colonies are

slightly opaque, with a granular surface (Poester et al., 2010).

Microscopic examination of Stamp (modified Ziehl-Neelsen) stained smears of
pathological specimens such as vaginal discharges, placental tissue or abomasal
content from aborted foetuses gives a presumptive identification (Alton et al., 1988).
Brucella spp. bacteria appear singly, in pairs or in clumps of gram-negative bacteria
that stain red against a blue background (FAO, 2003; Godfroid et al., 2004).

Morphologically, they appear as short rods, cocci or coccobacilli, measuring about
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0.6 um to 1.5 pm long and 0.5 pm to 0.7 um wide (Alton and Forsyth, 1996).
However, Stamp’s staining method can give false positive results in the presence of
other abortion pathogens such as Chlamydophila abortus and Coxiella burnetii that
have similar morphology and staining properties (Alton et al., 1988). In Namibia, the
Stamp staining method is the main test for presumptive diagnosis of brucellosis on

pathology specimens, due to the absence of a functioning BSL 2+ laboratory.

Further identification of Brucella colonies from cultures can be performed using
biochemical tests (urease and oxidase tests) and the agglutination test on a slide

with polyclonal anti-Brucella serum (OIE, 2018).

Phenotypic methods for the identification of species and biovars (biotyping) are

described by Alton et al. (1988). Biotyping of an isolate requires the association of

cultural, morphological, biochemical, serological and phage-lysis characteristics

(OIE, 2018). However, phage lysis and agglutination with anti-A, -M, or -R are

specialised tests which are best carried out by internationally accredited reference

laboratories. Serological, biochemical or phage-lysis characteristics of Brucella

should be established from colonies that have been verified as being perfectly

smooth. The following are the classical tests used for biotyping as described by Alton

et al. (1988) and the OIE (2018):

e phage lysis using a phages such as Weybridge (Wb), Thilisi (Tb), I1zatnagarl (1z1)
and R/C and agglutination tests using anti-A, -M or -R monospecific sera,

e test for dependence on carbon dioxide for growth that is performed on primary
cultures,

e test for production of hydrogen sulphide (H2S) using lead acetate papers and

e growth in the presence of basic fuchsin and thionine dyes.

2.4.1.3. Polymerase chain reaction (PCR) based techniques

Due to the drawbacks associated with serological tests and conventional biotyping
tests, methods that are based on the detection of Brucella specific DNA have
become popular in many laboratories worldwide. For Brucella diagnosis, molecular

techniques are more specific, reliable, and safe for laboratory personnel (Castano
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and Solera, 2009). The best molecular assays for the identification of Brucella spp.
are those that are targeted at specific genes that are common to Brucella spp. such
as the 16S-23S interspacer (ITS) region (Hillis and Dixon, 1991), the 1S711 insertion
sequence (Halling et al.,, 1993), the bcsp31l gene encoding a 31-KDa protein
(Mayfield et al., 1988), omp2 gene (Leal-Klevezas et al., 1995) or the per gene
(Bogdanovich et al., 2004). Polymerase chain reaction (PCR) assays and associated
molecular methods such as restriction fragment length polymorphism (RFLP),
provide an alternative means for detecting and confirming Brucella species and
some biovars causing an infection (Bricker, 2002; Moreno et al., 2002; Ocampo-
Sosa et al.,, 2005; Godfroid et al., 2010; Lépez—Goiii et al., 2011; Whatmore and
Gopaul, 2011). PCR methods for the diagnosis of Brucella have been described by
Bricker (2002). PCR has a high sensitivity and specificity, which is useful for
detecting small numbers of Brucella (dead or alive) especially in cases where
antibiotic treatment has been initiated. The assay can be used to detect Brucella
DNA extracted from clinical specimens such as serum, whole blood, urine,
cerebrospinal fluid, synovial or pleural fluid, pus, and tissues (Queipo-Ortuno et al.,
2008; Wang et al., 2014). PCR based methods can distinguish with a high degree of
accuracy, between acute, subacute, and chronic Brucella infections (O’Leary et al.,
2006). However, accuracy of detection of Brucella DNA can be limited by the stage
of infection and location of Brucella bacteria at the time of sampling (O’Leary et al.,
2006). Conventional PCR using Brucella genus specific primers, is the only
molecular assay that is used to complement the diagnosis of brucellosis in animal

tissues in Namibia.

Several multiplex PCRs that make use of a variety of primer combinations have been
developed and validated to identify Brucella at the species level. The AMOS
(abortus, melitensis, ovis, suis) PCR is one such multiplex PCR. The assay can
identify B. abortus (bv. 1, 2 and 4), B. melitensis, B. ovis, B. suis bv. 1, B. abortus
vaccine strains S19 and RB51 based on IS711 insertion element (Bricker and
Halling, 1995; Ocampo—-Sosa et al., 2005). AMOS-PCR is also an ideal assay for the
identification of Brucella species from cultures. The Bruce-ladder multiplex PCR can
identify and differentiate between all the Brucella species and vaccine strains B.

abortus strain 19 (S19), B. abortus RB51 and B. melitensis Rev. 1 in a single test
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(Lopez-Goiii et al., 2008). Unlike other PCR assays, Bruce-ladder can also detect B.
abortus biovars 3, 5, 6, 9; B. suis biovars 2, 3, 4, 5; B. neotomae, B. pinnipedialis
and B. ceti DNA (OIE, 2018).

Brucella isolates can be further characterized using Multi-locus Variable Number
Tandem-Repeat (VNTR) Analysis (MLVA) and/or Whole Genome Sequencing-
Single Nucleotide Polymorphism (WGS-SNP) analysis. MLVA enables in-depth
epidemiological studies of Brucella (Al Dahouk et al., 2007a; Whatmore et al., 2016;
Ducrotoy et al., 2017). MLVA and WGS-SNP assays can identify and differentiate
Brucella at the species, biovar and at the individual strain level. MLVA analyses the
variability of loci presenting repeated sequences (Le Fleche et al., 2006; Whatmore,
2009) and generates data that can be used to analyse genetic diversity among
isolates in a disease outbreak situation and in evolutionary studies (Whatmore et al.,
2006; Ferreira et al., 2012; Garofolo, et al.,, 2013) to determine the origin and
geographical distribution of an infection (Whatmore et al., 2016). In other words,
MLVA allows tracing back to the source of infection in countries in which several
biotypes are circulating. When one specific biovar is most frequently isolated in a
country or region, MLVA and Multi Locus Sequence Analysis (MLSA) are ideal for
typing and fingerprinting of isolates for epidemiological purposes (Le Fléche et al.,
2006).

WGS involves the characterization of the Brucella genome and is crucial for
identifying virulence factors among Brucella species (Wattam et al., 2014). Whole
genome sequences of B. abortus (Halling et al., 2005), B. suis (Paulsen et al., 2002),
and B. melitensis (DelVecchio et al., 2002) have been elaborated using this method.
A combination of WGS and SNP can reveal genetic diversity within Brucella species.
It performs better than the MLVA and multiplex PCRs (Ledwaba et al., 2019).

2.4.2. Diagnosis of brucellosis in humans

Detection of brucellosis in humans can serve as the first indicator of the disease in
the animal population (Alton, 1990). Unlike in animals, identification of the causative
agent to genus level is sufficient to initiate therapy, prevention, and control measures

in the population. Human brucellosis may be suspected based on history of
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exposure and clinical presentation. Serological screening and presumptive diagnosis
are performed using several tests that are primarily targeted at detecting high or
rising titres of agglutinating Brucella antibodies (IgM, 1gG and IgA), the details of
which have been extensively reviewed by Alton et al. (1988), Al Dahouk et al. (2003)
and Araj (2010). The Rose Bengal test (RBT) or agglutination tests such as the
standard agglutination test (SAT) are the primary screening tests worldwide (Al
Dahouk et al., 2003; Lucero et al., 2005), while the IgG ELISA or Coombs IgG test or
FPA are used as confirmatory test (WHO, 2005; Araj, 2010; Godfroid et al., 2010;
Roushan et al., 2010). These tests, when ranked based on their accuracy in clinical
settings, ELISA>RBT>SAT>CT (Al Dahouk, 2003). The SAT is reported to have a
sensitivity and specificity of 87.4% and 100% respectively (Young, 1991; Gémez et
al., 2008). Although Coomb’s test is technically complicated and hence not a
frequently used test, it is a good test for identifying chronic or relapsing Brucella
infection (Ruiz-Mesa et al., 2005). Since serological tests are based on the
identification of anti-LPS antibodies, cross-reactivity with other pathogens that have
a similar immune-dominant epitope (O-polysaccharide) such as Yersinia
enterocolitica O:9, Salmonella urbana group N, Vibrio cholera, Francisella tularensis,
Stenotrophomonas maltophilia and Escherichia coli 0157 may occur (Al Dahouk et
al., 2003; Lucero et al., 2005; Ruiz-Mesa et al., 2005). Conventional serologic tests
used for human brucellosis diagnosis are developed for smooth strains and hence,
they cannot detect B. canis infection (Lucero et al., 2010). A commercial rapid
agglutination test is the only assay used to detect Brucella infections in humans in
Namibia.

As described for cattle, PCR methods are an effective tool for detecting Brucella
infection, monitoring response to treatment and for identifying the infecting species.
The detection of Brucella DNA in patients is difficult due to the low numbers of
bacteria in infected tissue and the inhibitory effects of surrounding substances or
tissue matrix (Al Dahouk et al., 2007b; Queipo-Ortuno et al., 2008). PCR can be
performed on clinical specimens such as tissues, whole blood, cerebrospinal fluid,
serum, pus, synovial or pleural fluid (Colmenero et al., 2005; Debeaumont et al.,
2005; Queipo-Ortunio et al., 2005; 2006; 2009; Colmenero et al., 2010). At present,

there is no validated PCR test for detecting Brucella infections in people in Namibia.
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2.5. Prevention and control of brucellosis

2.5.1. Bovine brucellosis

Treatment of brucellosis in cattle is futile and not recommended, because of the long
duration of treatment required; the inconsistent results achieved among the infected
animals; the occurrence of antibiotic residues in meat and milk (Petzer et al., 1984)
and the frequent disease relapses that occur due to the occasional release of
bacteria from intracellular locations (Milward et al., 1984; Nicoletti et al., 1985;
Nicoletti et al., 1989; Radwan et al., 1993). Therefore, strategies aimed at disease
prevention, control or eradication are the attainable options for managing the

disease.

The primary objective of brucellosis control programs is to reduce infection in the
animal population to a level that minimizes the impact of the disease on the human
population, animal health and production (EU, 2001; De Massis et al., 2005; Pappas
et al., 2006). In other cases, brucellosis measures are targeted at eradicating the
disease from a region or country. The most common methods employed to control
brucellosis include test and slaughter, animal movement controls, quarantine,
vaccination, biosecurity, eradication, and disease surveillance (McDermott and Arimi,
2002; Godfroid et al., 2004; Blasco and Molina-Flores, 2011; Spickler, 2018). The
choice of which strategy or strategies to use depends on the prevailing
epidemiological situation and availability of resources, among others (Nicoletti,
2010). To be effective, all strategies should be complemented by an effective animal
identification and movement control system; a well-functioning disease surveillance
and reporting system and a market related compensation system for culled animals
(Crespo et al., 2012). Australia and New Zealand successfully eradicated brucellosis
using a program based on individual animal identification, categorisation of cattle
herds according to brucellosis status; controls on the movement of cattle between
areas; regular monitoring of cattle herds; fair compensation for culled positive
animals; optimized laboratory capacity; efficient record keeping and the training of
relevant stakeholders (Shepherd et al., 1980; Tweddle and Livingstone, 1994). The
FAO strategy for the control of brucellosis is based on a five-point action plan
comprising a baseline sero-prevalence survey of animals based on statistical

methods, development and implementation of a risk-based vaccination control
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strategy, effective disease surveillance to ensure early warning against spread to
new areas, monitoring results for progress and changes in infection/disease
incidence, and reviewing and updating control strategies to reflect the results
obtained (FAO, 2010).

Implementation of biosecurity measures prevents the spread of Brucella by
excluding the entry or exit of pathogens from a livestock facility. These measures,
which include hygiene practices, when fully implemented can prevent environmental
contamination and exposure of susceptible animals to Brucella bacteria (Pérez-
Sancho et al., 2015). Biosecurity measures include secure farm boundaries and
restricted access to prevent contact with wild animals and livestock of unknown
brucellosis status; strict quarantine and testing of new animals before they are
introduced into the herd; purchasing of replacement heifers from brucellosis-free
herds; sourcing semen for artificial insemination from Brucella-negative bulls as
confirmed by results of regular tests (Spickler, 2018); rearing of own replacement
animals (FAO, 2010); appropriate disposal of aborted fetuses, fetal membranes and
manure; cleaning and disinfection of contaminated premises and equipment and of
persons at farm entry points (FAO, 2006; Pérez-Sancho et al., 2015). Vermin and
pests such as rodents and flies should be controlled by use of appropriate
rodenticides, fly traps and baits as they can mechanically transmit brucellosis.

Control of animal movements within a region, country and across international
boundaries prevents the spread of brucellosis between farms, regions, and countries
with different brucellosis status. For movement controls to be effective, an effective
individual cattle identification system that helps in quick identification of restricted
animals should be implemented. Imported animals should be certified free of
brucellosis before transportation from a country of origin (OIE, 2018; WHO, 2006)
and before introduction onto the main herd. In many endemic areas, failure to control
animal movements has been identified as a major obstacle to brucellosis control
(McGiven, 2013). In resource poor countries, mass vaccinations, movement controls
and public health education are the recommended approaches for the control of
brucellosis (FAO, 2010).
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Control of brucellosis requires sustained efforts that are often costly. As a result, the
spectrum and extent of implementation of control measures varies between
developed and developing countries, with the later constrained by a higher disease
burden and resources including animal health infrastructure (Ragan, 2002; Kouba,
2003; Franco et al., 2007; Ibironke et al., 2008; Pavade et al., 2011; Howe et al.,
2013; McDermott et al.,, 2013; Cardenas et al.,, 2019). Resource limited countries
cannot offer adequate incentives to farmers to participate in and achieve
brucellosis-free certification of their herds (Moreno et al., 2002; Aznar et al., 2014)
despite some of these countries having a sound legislative basis. Co-operation
between government and the livestock industry is also key for participatory
implementation of prevention, control, or eradication measures against brucellosis
(More et al., 2015) as has been demonstrated in the Czech Republic (Kouba, 2003)
and in the United States in domestic animals (Ragan, 2002).

2.5.1.1. The test and slaughter approach

In the test and slaughter approach, cattle herds are repeatedly tested by serology to
identify positive cattle and herds. Positive reactors herds are placed on movement
restriction for specified periods and serologically tested until they are certified as
brucellosis-free. Two consecutive negative CFT results six months apart in all
animals in a herd are accepted as adequate proof of eradication of the disease
(Kolar, 1984; Alton, 1987). Individual reactor cattle are slaughtered or culled by
regulatory officials following strict hygiene and biosecurity measures to decrease the
incidence of infection, reduce the spread of infection within and between cattle herds
(Pérez-Sancho et al., 2015; Li et al., 2017) and to provide public health protection.
According to Nicoletti (1993), this approach is justified and most likely to succeed in
regions or countries where the prevalence of bovine brucellosis is less than or equal
to 2%. Where the prevalence of brucellosis is greater than 5%, a combination of the
test-and-slaughter approach in adult cattle and vaccination of young replacement
animals is recommended to eradicate the infection in the medium to long term (EU,
2001). For a test and slaughter approach to succeed, complimentary support in the
form of an individual animal identification system; an efficient surveillance system;
good laboratory diagnostic services; farmer compliance; strict animal movement

control and quarantine systems should be provided (Alton, 1990; Nicoletti, 1993) as
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a minimum. Furthermore, the test and slaughter approach should be supported by
adequate financial resources to ensure fair compensation to farmers for culled
reactor cattle (Moriyon et al., 2004; Ibironke et al., 2008; Ducrotoy et al., 2017;
Cérdenas et al., 2017). The test and slaughter policy has been successfully used to
eradicate brucellosis from cattle in several countries around the world (Kolar, 1984;
Nicoletti, 1993).

2.5.1.2. Surveillance for brucellosis

Most countries have national guidelines for animal disease reporting that are based
on local legislation. Around the world (and in Namibia) bovine brucellosis is a
notifiable disease, which should be reported to the national authorities whenever it is
suspected or confirmed. In Namibia, measures for the control of brucellosis are as
prescribed in the Animal Health Act (Act 1 of 2011).

Continuous surveillance and monitoring enable early detection of changes in
brucellosis incidence and prevalence (Thrusfield, 1995). This information is
necessary for evaluating and improving disease prevention and control strategies by
risk managers (WHO, 2006; FAO, 2010). Surveillance systems should be
implemented systematically and as a minimum should integrate serological testing
and clinical surveillance by veterinary personnel (FAO, 2006) at herd, region, and
national level. In addition to farms, routine cattle gathering places such as abattoirs,
feedlots and auctions are ideal places for brucellosis surveillance. A system should
be instituted to ensure that all cases of abortions are reported and investigated and
that samples are submitted to the laboratory for confirmation of diagnosis.
Appropriate action should be taken against any infected cattle identified. Around the
world, as in Namibia, surveillance systems for brucellosis are implemented well on

dairy cattle than on beef cattle farms (de Alencar et al., 2016).

Surveillance for brucellosis in Namibia is based on the inspection of cattle at animal
gatherings such as farms, auctions and at abattoirs by animal health technicians and
veterinarians; investigation of abortion cases reported by farmers including
submission of samples for confirmation at the laboratory; and serological testing

(mandatory and voluntary testing). On farms, veterinary officials examine farm
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records and query farmers for evidence and history of abortions, and inspect live
animals. On dairy farms, annual serological testing of cattle is compulsory, while on
beef farms, serological testing is voluntary. Brucella-positive herds are placed under
movement restrictions (no movement of cattle into or out of the farm), and all in-
contact animals are tested and retested until all animals in the herd test negative.
Seropositive cattle are culled or slaughtered at a designated abattoir under the
supervision of a veterinary official, taking into consideration the measures that are

necessary to prevent infection of slaughter men.

2.5.1.3. Control of brucellosis by vaccination

Vaccination is a key, effective and indispensable strategy for the prevention and
control of Brucella infections in cattle worldwide (Olsen and Stoffregen, 2005). To be
effective, vaccination should be implemented in conjunction with other measures
such as biosecurity, surveillance measures and test-and-slaughter policies (Olsen
and Stoffregen, 2005; Nicoletti, 2010). Vaccination increases herd immunity,
eliminates clinical signs of brucellosis including abortions, reduces environmental
contamination with Brucella bacteria (Nicoletti, 1993) and prevents the spread of
infections within and between cattle herds. Vaccination of cattle herds is considered
as the most appropriate and cost-effective measure in the early stages of brucellosis
control in endemic regions when the prevalence of the disease is still high (Zinsstag
et al., 2007; McDermott et al., 2013). A combination of vaccination of heifers, testing
and slaughter of positive reactors is a good basis for controlling bovine brucellosis in
endemic areas (Nicoletti, 2010). The success of a vaccination program for the
control of brucellosis depends on vaccine quality, efficacy, and vaccination coverage
in the target population (Nicoletti, 1990). All vaccines currently in use against
Brucella infection are live attenuated strains because killed vaccines have been
proven to be ineffective at stimulating a protective immune response (Nicoletti,
1990). Brucella abortus S19 and B. abortus strain RB51 are the two vaccines that
are widely used in bovine brucellosis control programs (Frolich et al., 2002; Martins
et al., 2009). Each of the two vaccines has unigue advantages and disadvantages,
but S19 is reported to be superior to RB51 (FAO, 2006). Although both vaccines
elicit the production of protective antibodies, they cannot prevent infections by field

strains of Brucella (Olsen and Stoffregen, 2005).
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Brucella abortus S19 is highly effective at preventing abortions and subsequent
transmission of the disease. Antibodies induced by S19 vaccination and natural
infection are directed at the S-LPS (O side chain) and thus indistinguishable by most
serological tests (Olsen and Stoffregen, 2005). Brucella abortus S19 once off
vaccination is limited to heifers of 4-8 months of age (3-8 months in Namibia) as a
subcutaneous dose of 5-8 x 10%° viable brucellae (OIE, 2018). The major limitation of
S19 vaccine relates to the occasional persistence of circulating antibodies post-
vaccination, which may confuse the interpretation of diagnostic serological tests
(Schurig et al., 2002; FAO, 2006; Godfroid et al., 2011). In general, following
calfhood vaccination, S19 does not persist in the uterus of mature heifers or cause
abortions, but may cause abortions when administered to pregnant cows (Godfroid
et al.,, 2011). Brucella abortus S19 induces longer term immunity than RB51 in
female animals (Singh et al., 2012; Dorneles et al., 2015; Miranda et al., 2015). Full
dose S19 vaccination has been reported to induce antibodies that last the production
lifetime of cattle- up to 4.5 years (Simpson et al., 2018).

RB51 vaccine is a rough mutant prepared from a virulent smooth B. abortus biovar 1
strain 2308 which lacks an O-side chain (Schurig et al., 1991). Therefore, RB51 does
not interfere with serological tests (USDA, 2003; Sanz et al., 2010; Spickler, 2018)
because it elicits the production of antibodies to the LPS lipid A-core (Ducrotoy et al.,
2016). As a result, vaccinated and naturally infected cattle can be differentiated on
most serological tests (Schurig et al., 2002; Vemulapalli et al., 2002). Unlike S19,
RB51 allows for the vaccination of cows and for booster vaccinations to be
administered without interfering with serological tests (Oberem et al., 2006) and does
not induce placentitis and abortions in pregnant animals (Schurig et al.,, 2002).
However, rare reports of RB51 vaccine causing infection in cows (Arellano Reynoso
et al., 2013) due to residual virulence (Olsen and Tatum, 2010; Van Metre, 1999)
have been documented raising public health concern because the RB51 strain is

resistant to rifampicin (Anonymous, 1998).

Other vaccines that have been tested or used widely for vaccinating cattle against
brucellosis are B. abortus 45/20, B. abortus SR82 (Olsen and Stoffregen, 2005), and
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an S2 vaccine that is used widely in China (Jiang et al., 2018). Heat-killed B. abortus
biovar 1 strain 45/20 has been used in some European countries to overcome the
drawbacks of S19 without success. The live attenuated SR82 vaccine prepared from
B. abortus biovar 6 has a protection level similar to S19, and is effective under field
conditions (lvanov et al., 2011). It is widely used against bovine brucellosis in

Azerbaijan, the Russian Federation and Tajikistan (lvanov et al., 2011).

In Namibia, compulsory vaccination of all heifers 3-8 months old with S19 vaccine or
of both heifers and cows with RB51 vaccine is the basis of brucellosis control in the
country (Animal Health Act, 2011).

2.5.1.4. Decontamination of infected material

All Brucella infected material and products of abortion should be collected with care
and disposed of safely by incineration, burning or deep burial with lime away from
water courses. Dung, dust, soil, and farm implements on dairy farms that are
contaminated with Brucella organisms may be disinfected using iodophor,
formaldehyde, 70% ethanol, phenolic or hypochlorite disinfectants (Spickler, 2018).
Contaminated dung can harbour Brucella organisms for a long time and should
therefore be cleared and stored in a secluded area where the natural decomposition
process will kill the bacteria, a process which may take up to 12 months. The
addition of xylene to liquid dung has been reported to hasten the destruction of

Brucella.

2.5.2. Prevention and control of human brucellosis

Brucellosis is both a preventable and curable infectious disease of humans, whose
control is based on early diagnosis and aggressive antibiotic treatment. Prevention
and control of brucellosis involves two main strategies, that is, prevention of
exposure to infected animals and fomites, and occupational exposure, and
maintaining food safety in animal products. Due to the broad effects of the
brucellosis on the environment, human and animal populations, a One Health
approach towards the control of the disease involving relevant professions such as
the veterinary, medical, public health, cultural, economic and social experts is

necessary to effectively combat the infection (Bamaiyi, 2016; Franc et al., 2018).
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2.5.2.1. Prevention of exposure

Control of brucellosis in livestock results in the control of the disease in humans
(Vemulapalli et al., 2004; Seleem et al., 2010). In occupationally exposed
professions, infection can be prevented by putting on adequate protective gear such
as overalls or coats, rubber or plastic aprons, rubber gloves, eye protection (Spickler,
2018) especially when slaughtering or handling high risk or known Brucella-positive
cattle (WHO, 2006). All wounds and cuts should be covered with impervious wound
dressing (FAO, 2006; Spickler, 2018) or alternatively, affected personnel should be
excluded from handling animals and animal products until they are healed. The
administration of cattle vaccines should be done with care to prevent accidental
inoculation or contamination of mucous membranes or abraded skin (Spickler,
2018). Contaminated laboratory equipment should be routinely cleaned and
sterilised to reduce the risk of infection among clinical laboratory workers (Roy et al.,
2011).

2.5.2.2. Food safety

Humans are infected by Brucella mainly through inappropriately prepared and/or
preserved food of animal origin. Pasteurization of dairy products including raw milk
kills brucellae and is thus considered as one of the main public health measures
against zoonotic infections of brucellosis (Hull and Schumaker, 2018). However,
pasteurisation or boiling of milk before consumption is not routinely practised in
resource-limited communities because of long-standing cultural practices and a
general lack of understanding of the dangers of consuming raw milk (Welburn et al.,
2015). In low- and middle-income countries, the lack of effective controls and
enforcement of standards on products sold at informal markets increases the risk of
transmission of diseases, including brucellosis to humans through food (Grace,
2015). In addition, informal traders lack awareness and knowledge of the risk posed
by raw milk to human health and cannot afford the cost of the equipment required for
pasteurization (Cosivi et al., 1998; Welburn et al., 2015). The boiling or heating of
raw milk to at least 80°C for several minutes is a feasible strategy that can be
promoted to prevent human brucellosis especially in resource limited areas where
the disease is endemic (Godfroid et al., 2004; Spickler, 2018). Hard cheeses that
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undergo fermentation processes during production are less of a risk to humans. The
World Health Organization (WHO) recommends that soft cheeses produced from
unpasteurized milk be stored for more than 6 months before they are consumed.
Meat, blood, and internal organs from animals of unknown brucellosis status do pose
a risk of infection and should therefore always be handled with care and thoroughly
cooked prior to consumption (Spickler, 2018). Rennet used in the cheese making
process should be sourced from Brucella-free animals to prevent human infections.
Butter, sour milk, sour cream, and yoghurt are dairy products that undergo
acidification processes which reduce the Brucella content. For effective killing of
Brucella, the pH of the product should be less than 3.5.

2.5.2.3. Treatment of human brucellosis

Treatment of brucellosis in humans is based on antibiotic combinations as has been
described by the World Health Organisation (2005). Several conventional
antimicrobial agents such as tetracycline, trimethoprim-sulfamethoxazole,
aminoglycosides, rifampicin, quinolones, doxycycline, and streptomycin (Saltoglu et
al., 2002) are commonly used. A combination of 100 mg of doxycycline twice a day
and rifampin (15 mg/kg/day) for 45 days (six weeks) is effective (Ersoy et al., 2005;
Solis Garcia del Pozo and Solera, 2012; Hartady et al., 2014; Kaya et al., 2018;
Meng et al., 2018; Yang et al., 2018) and recommended by the World Health
Organisation (Corbel, 2006) for the treatment of human brucellosis. Alternatively, a
combination of 100 mg of doxycycline orally twice a day for 45 days and 1g daily of
streptomycin intramuscularly for the first 15-21 days of treatment has also been
reported to be effective (Corbel, 2006; Seleem et al., 2010) and to have a lower
relapse rate than the doxycycline-rifampin combination (Ariza et al., 1985; Skalsky et
al., 2008). Other alternative combination therapies include doxycycline-rifampin-
gentamycin (Skalsky et al., 2008), trimethoprim-sulphamethoxazole (Karabay et al.,
2004; Solera, 2010), doxycycline-fluoroquinolone and rifampin-ciprofloxacin (Solis
Garcia del Pozo and Solera, 2012). Monotherapy with co-trimoxazole, rifampicin or
gentamycin has also been successfully used to treat brucellosis in pregnant women
(Karabay et al., 2004; WHO, 2005; FAO, 2006). In cases of accidental inoculation

with live Brucella vaccines, a six-week course of doxycycline is recommended in
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addition to wound management and tetanus toxoid injection (FAO, 2006). Localized

forms of the disease such as endocarditis may require surgery (FAO/WHO, 2006).

2.5.2.4. Public health education

Implementation of laws, regulations and veterinary policy measures may not bring
the desired results, if the population at large, is not aware of the disease (FAO,
2003). Targeted public health education to improve awareness of this zoonotic
disease is necessary as a preventive measure especially in endemic resource poor
regions (Marcotty et al., 2009; FAO, 2010; Asiimwe et al., 2015). Education of people
directly involved or at risk in various spheres of society including schools, the animal
and food industry, such as farmers, butchers and abattoir workers empowers them
with the knowledge to take up responsibility in preventing brucellosis within their
environment. Medical personnel such as physicians and nurses who are at the
forefront of human disease surveillance often lack knowledge of zoonotic diseases
such as brucellosis to make a diagnosis (Hesterberg et al., 2008). This can be
addressed through continuous professional training and adequate inter-sectoral
collaboration between the relevant governmental and intergovernmental
organizations (FAO, 2010). Studies in Asia found that human populations that are
aware of the mode of transmission or the need for pasteurization of milk and other
dairy products have significantly reduced risk of Brucella infection (FAO, 2010). The
latest knowledge on brucellosis needs to be transferred to all stakeholders,
especially those located in rural populations, to curb the spread of brucellosis
(Donev, 2010; Franc et al., 2018).

2.5.2.5. Vaccination against human brucellosis

There are currently no safe, effective, reliable licensed vaccines for the immunization

of humans against brucellosis (Godfroid et al, 2011; Surendran et al., 2011).
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3.1. Abstract

Brucellosis remains a significant zoonosis in many parts of Africa including Namibia.
The aim of this study was to assess knowledge, attitudes and practices (KAP)
regarding brucellosis among cattle farmers (communal and commercial), meat
handlers (abattoir and butchery workers) and medical professionals (nurses and
doctors) in selected regions of Namibia between June 2019 and September 2020. A
cross-sectional study based on self-administered questionnaires and questionnaire
interviews was conducted among cattle farmers (n = 264), meat handlers (n = 143)
and medical professionals (n = 124). Overall, 43.50% (231/531) of the respondents
were aware of brucellosis, with the highest awareness among medical professionals
(73.39%, 91/124) and the least in meat handlers (13.99%, 20/143). Awareness of
brucellosis was significantly associated with tertiary education (p < 0.001) and the
medical profession (p < 0.001), although the later engaged in risky practices that
could lead to infection. Most medical professionals (98.39%, 122/124) did not
consider brucellosis as a differential diagnosis in cases of persistent febrile illness in
humans. Most respondents did not consider that they were at risk of contracting
brucellosis but were willing to receive information on brucellosis. A proportion of
communal (85.60%) and commercial (71.00%) farmers; abattoir workers (44.40%);
butchers (53.50%); nurses (55.60%) and medical doctors (28.00%) consumed raw
milk, with a high preference for raw milk among adults (31->50 years) (p = 0.004),

males (p < 0.001) and farmers (p < 0.001). The study identified practices that may
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promote Brucella infection and transmission in cattle and humans, such as the
purchase of replacement animals without prior health checks; assisting delivery in
cows or handling aborted foetuses without protective gear; consumption of raw milk,
home-made cheese, cattle testes, and undercooked liver. Therefore, intensified risk
communication, including public health education, is recommended, particularly
among meat handlers and communal farmers, to promote awareness and

discourage risky attitudes and practices that aid Brucella infection and transmission.

3.2. Introduction

Brucellosis is a zoonosis of significant socioeconomic, animal, and public health
importance (Franc et al., 2018). Brucella abortus, B. melitensis, B. suis and B. canis
are the species that preferentially infect cattle, sheep and goats, pigs, and dogs
respectively, and also cause disease in humans (Moreno, Cloeckaert and Moriyon,
2002). Brucellosis is principally a foodborne or occupation-associated disease in
humans that is acquired through the ingestion of infected animal products, especially
unpasteurized dairy products or by accidental occupational exposure to infected
animal material (Corbel, 1997; Ibironke et al., 2008). Persons that rely on livestock
rearing, such as farmers and meat handlers, are at a greater risk of Brucella infection
(Corbel, 2006), and often, they have limited knowledge of the disease (DAFF, 2017).
In animals, infection is self-sustaining and transmitted through direct or indirect
contact with or ingestion of infected aborted material (Garin-Bastuiji et al., 1998). Due
to the similarity of clinical manifestation between brucellosis and other human febrile
diseases, misdiagnosis often occurs, leading to inappropriate treatment. Therefore,
greater responsibility is placed on individuals to prevent and control the disease
(Kiffner et al., 2019).

Brucellosis is an endemic and notifiable disease in both humans and animals in
Namibia. Control of the disease is primarily based on compulsory vaccination of
heifers of 3 to 8 months of age with Brucella S19 or RB51 vaccine in animals older
than 8 months; routine serological surveillance and culling of positive reactors (AHR,
2018). In humans, other than the treatment of confirmed cases using a standard six-
week treatment protocol of doxycycline and rifampicin, no other measures are
specified to actively detect or prevent infection in the population. The continued
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detection of cases in the human population in Namibia emphasizes the need to
improve disease prevention and control measures in both animal and human

populations.

Awareness and knowledge of a disease in a population promote uptake and the
correct implementation of disease control measures. Previous studies have linked
accurate knowledge of cause, methods of transmission, clinical manifestation,
attitudes, and practices with effective control of brucellosis in populations (Howyida
et al., 2012; Lindahl et al., 2015). Studies on knowledge, attitude, and practice (KAP)
regarding brucellosis among farmers, meat handlers and health professionals can
help to identify the extent of knowledge and identify risky practices for Brucella
infection among human populations. This information is essential for updating
current disease prevention and control interventions (Kiffner et al., 2019). Previous
studies in South Africa (Cloete et al., 2019), Uganda (Kansiime et al., 2014; Nabirye
et al., 2017), Kenya (Obonyo and Gufu, 2015), Jordan (Musallam, Abo-Shehada and
Guitian, 2015), Nigeria (Buhari et al.,, 2015) and Tajikistan (Lindahl et al., 2015)
among others, identified varying levels of brucellosis knowledge and awareness
among countries, and highlight the need to base brucellosis control measures on
identified country-specific knowledge, attitude and practice gaps. Further, in
developing countries, such as Namibia, reports indicate that zoonotic diseases such
as brucellosis remain a challenge due to insufficient training of health professionals,
limited or non-existent collaboration among veterinary and medical practitioners and

inadequate health infrastructure (Kunda et al., 2008; Mbugi et al., 2012).

To the best of our knowledge, no studies have been conducted in Namibia to assess
knowledge, attitudes and practices relating to brucellosis. Therefore, the current
study aimed to assess these among cattle farmers, meat handlers and medical
personnel. This should serve as a basis for the development and implementation of
more efficient brucellosis control programs that fit the needs and perceptions of the

assessed professional groups in Namibia.
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3.3. Materials and Methods
3.3.1. Study area

Namibia is in the southwestern part of Africa between -22°58'1.42"S and
18°29'34.80"E and is divided into 14 administrative regions (Figure 3.1). Two distinct
farming systems are recognised in the country. In the northern part of the country,
farmers raise livestock on communal land close to humans and sometimes wildlife,
and grow crops on a subsistence scale. The southern part of the country has
predominantly commercial livestock farmers that raise cattle on fenced private land.
The northern communal areas are separated from the commercial farms in the
southern part by a veterinary cordon fence. Cattle are the major livestock species
reared in Namibia, with an estimated population of 2 650 000, 75% of which are in
the communal sector (ASB, 2018).
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Figure 3.1: The 14 administrative regions of Namibia. The study was carried out in

Hardap, Khomas, Omaheke, Kavango East and Zambezi regions.
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3.3.2. Study design

Between June 2019 and September 2020, a cross-sectional questionnaire survey
was conducted among cattle farmers (communal, commercial), meat handlers
(abattoir and butchery workers) and medical workers (nurses and doctors) in both
northern communal and southern commercial farming areas, to assess the
knowledge, attitudes and practices relating to brucellosis, using pre-tested semi-
structured occupation-specific questionnaires. The survey was carried out in five
administrative regions of Namibia, namely, Zambezi, Kavango East, Hardap,
Khomas and Omaheke (Figure 3.1), which were selected from the 14 regions of the
country, using stratified random sampling. The strata were based on production
system (communal or commercial) and location (north or south of the country).
Abattoir workers were those from the largest and the only beef exporting abattoir in
the country, located in the Khomas region, while butchery workers were from
butcheries in the urban areas of Divundu (Kavango East), Katima Mulilo (Zambezi),
Windhoek (Khomas) and Gobabis (Omaheke). Medical professionals were from
private and state medical facilities located in urban areas in all the five study regions:
Mariental, Windhoek, Gobabis, Rundu and Katima Mulilo. Respondents of 18 years
of age and above that consented to participate in the study were recruited.
Participating farmers were identified using systematic random sampling at state
veterinary offices, animal auctions and during routine farm inspections. All medical
personnel and meat handlers in the selected facilities, who gave consent to

participate in the study, were interviewed.

3.3.3. Sample size

The total sample size required for this survey was estimated to be 385 and this was
determined using Epitools (https://epitools.ausvet.com.au), assuming an estimated
true proportion of 50%, and a precision of 0.05 at 95% level of confidence. However,
531 participants were enrolled in the study to account for any possible clustering

effects.
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3.3.4. Data collection

Questionnaire interviews (Appendix 1) were carried out by veterinary personnel at
state veterinary offices, animal auctions and during routine farm inspection, while
some questionnaires were distributed to the farmers through the national farmers’
organization. In the communal areas of the Zambezi, Kavango East and the
commercial areas of Omaheke, interviews were carried out during farmers’
meetings, auctions and at systematically-selected households in the villages. Among
butchers and communal farmers, questionnaire interviews were performed by trained
veterinary paraprofessionals. Due to the limited numbers of meat handlers in the
study areas, all abattoir and butchery employees were targeted. For medical
professionals, questionnaires were distributed to medical doctors and nurses at
medical facilities in towns located in the five study regions with the permission of the
Chief Medical Officer of the area.

The questionnaires for the farmers, butchers and medical professionals were divided
into section A to E; A to D and A to B respectively (Appendix 1). Section A was
designed to gather the socio-demographic information (age, sex, education level, job
title and the number of years on the job of respondents), while Section B gathered
information on brucellosis awareness and knowledge including cause, transmission,
clinical manifestation and control in both humans and cattle. For medical
professionals, information on predisposing practices, and disease cases and
management in humans were captured under Section B. Sections C, D and E
gathered information on attitudes and predisposing practices for Brucella infection.

Verbal or written consent (Appendix 2) was sought prior to the interviews depending
on the respondent’s literacy levels. Data were collected independently from each
participant and coded to ensure anonymity and confidentiality at all stages of the
study. To ensure the understanding of questions, interviewers translated the

guestions to the native language as necessary.
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3.3.5. Data analyses

Data from close-ended responses were presented as frequencies and percentages
per question, while open-ended responses were categorized into themes and
summarized. The chi-square or Fisher's exact tests were used to determine the
significance of differences between proportions of respondents for each variable:
between communal and commercial farmers, between nurses and doctors, and

between abattoirs and butchery workers.

For multi-variable analysis, six variables that were common to all participant
categories (farmers, medical workers, meat handlers), and considered to be of
importance in exposure to brucellosis were considered. This Multiple
Correspondence Analysis (MCA) was performed to determine patterns in the
dataset, whereby different categories of each column and row variables, and the
relations between them, were depicted as ‘clouds’ of points in a multidimensional
Euclidean space. The variables were age of respondent (18-30, 31-50, >50 years),
gender, education level (no formal education, primary, secondary, tertiary),
profession (nurse, doctor, commercial farmer, communal farmer, butcher worker,
abattoir worker), number of years at work (<2 yeas, 2 to 5 years, >5 years),
awareness about brucellosis (yes, no), and consumption of raw milk and its products
(yes, no). Interpretation of the results was made on basis of the relative distribution
and position of points across the dimensions. The number of MCA dimensions to
retain was determined using the eigenvalue criteria. The coordinates (coord), quality
of representation (cos2) and contribution (contrib, %) of each variable to the

dimensions on the factor map were determined.

The MCA analysis was followed by cluster analysis of individual participants and
categories with the object scores of each dimension, using Hierarchical Clustering on
Principal Components (HCPC). Cross-tabulations were performed between cluster
variables in the MCA using the chi-square tests for proportions. Data analysis was
performed using R Console version 4.0.3 (R Core Team, 2020) at 5% level of

significance.
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3.3.6. Ethical approval

Authorization to carry out the study at the abattoir was obtained from the abattoir
operator. The study protocol was approved by the Ministry of Health and Social
Services (Ref: 17/3/3 OM) (Appendix 10) and the Research Ethics Committees of
the University of Pretoria (REC056-20 and HUMO026/0620) (Appendix 6 and
Appendix 7).

3.4. Results

3.4.1. Sociodemographic characteristics of respondents

A total of 531 respondents, that included 264 cattle farmers (communal = 195,
commercial = 69), 143 meat handlers (abattoir employees = 72, butchers = 71) and
124 medical professionals (nurses = 99, medical doctors = 25) from the Hardap (n =
57), Khomas (n = 119), Omaheke (n = 100), Kavango East (n = 87) and Zambezi (n
= 168) regions of Namibia participated in the survey. There were more male
(68.74%, n = 365) than female (31.26%, n = 166) respondents. The demographic

features of the study groups are shown in Table 3.1.

3.4.2. Knowledge of brucellosis

Overall awareness of brucellosis among participants was 43.5% (231/531), with the
highest frequency recorded among medical professionals (73.4%, 91/124), followed
by cattle farmers (45.5%, 120/264) and the least was among meat handlers (14.0%,
20/143).

The primary sources of information on brucellosis among respondents were the
workplace or professional colleagues (46.3%, 107/231), training institutions (school,
college or university) (26.0%, 60/231), veterinary officials (14.3%, 33/231), media
(10.4%, 24/231), training workshops/profession meetings (3.9%, 9/231), literature
(2.2%, 5/231) and the Ministry of Health and Social Services (0.4%, n = 1/231).
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Table 3.1: Socio-demographic features of the survey respondents (n = 531) from five

regions of Namibia.

Variable Category Communal Commercial Abattoir Butchers Nurses Medical
farmers farmers employees (n=71) (n=99) doctors
(n=195) (n=69) (n=72) % % (n=25)
% % % %
Age 18-30 9.7 7.3 38.9 32.4 49.5 24.0
31-50 53.9 55.1 58.3 62.0 42.4 60.0
>50 36.4 37.7 2.8 5.6 8.1 16.0
Gender Male 73.9 91.3 72.2 78.9 33.3 68.0
Female 26.2 8.7 27.8 21.1 66.7 32.0
Education No formal 12.3 2.9 0.0 16.9 0.0 0.0
level education
Primary 14.9 14.5 6.9 25.4 0.0 0.0
Secondary 36.4 46.4 80.6 46.5 0.0 0.0
Tertiary 36.4 36.2 125 11.3 100.0 100.0
Region Hardap 0.0 46.4 0.0 0.0 22.2 12.0
Omaheke 215 53.6 0.0 11.3 13.1 0.0
Kavango 13.3 0.0 0.0 535 19.2 16.0
East
Zambezi 65.1 0.0 0.0 16.9 24.2 20.0
Khomas 0.0 0.0 100.0 18.3 21.2 52.0

The survey was conducted to determine the knowledge, attitudes and practices regarding brucellosis

3.4.2.1. Communal and commercial farmers

Knowledge of brucellosis was higher among commercial than communal farmers (p
< 0.05) (Table 3.2). Less than 30.0% (range: 7.7 - 27.7%) of communal farmers had
knowledge about the animal species affected by brucellosis; its transmission;
zoonotic nature; symptoms or clinical signs; prevention and management
approaches in both humans and animals (Table 3.2). In contrast, more than half of

the commercial farmers (29.0 - 79.7%) had knowledge on most aspects of
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brucellosis, although only small proportions had knowledge of the clinical
manifestation of the disease in cattle (29.0%) and prevention measures in humans
(33.3%) (Table 3.2).

Both communal and commercial farmers identified undercooked meat and raw milk
(7.2%, n = 14 and 20.3%, n = 14, respectively) and direct contact with infected
animal material (2.6%, n =5 and 27.5%, n = 19, respectively) as the major sources
of Brucella infection in humans. Other identified sources of human infection were
accidental inoculation with Brucella vaccine (n = 1) and blood transfer (n = 1).
Overall, the symptoms of human brucellosis reported by the farmers were fever
(9.1%), headache (1.9%), back pain (3.4%), profuse sweating at night (1.9%),
fatigue (1.5%), joint pain (3.0%) and body aches (3.0%) and swollen joints (1.5%).
Farmers associated abortions (15.9%), swollen joints (4.5%) and swollen testes

(4.2%) with bovine brucellosis.

Table 3.2: Knowledge of brucellosis among communal and commercial farmers in

selected regions in Namibia.

Communal farmers (n = 195)

Commercial farmers (n = 69)

Variable Frequency Frequency

N % N % p value
Species affected 54 27.7 55 79.7 < 0.001*
Mode of transmission to humans 20 10.3 35 50.7 < 0.001*
Mode of transmission to cattle 21 10.8 37 53.6 < 0.001*
Symptoms in humans 15 7.7 30 43.5 < 0.001*
Clinical signs in cattle 27 13.9 20 29.0 0.005*
Prevention in humans 15 7.7 23 33.3 <0.001*
Prevention in cattle 42 215 52 75.4 <0.001*

* Statistically significant at 5% level of significance. The participating farmers were selected from

Gobabis, Hardap, Kavango, Khomas and Zambezi regions in Namibia. N = number of respondents.

Proportions were compared using the chi-square test of association.
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3.4.2.2. Meat handlers

Few abattoir and butchery workers (0.0-16.7%) had knowledge of brucellosis
(species affected, transmission, symptoms, and prevention) (Table 3.3). Apart from
knowledge about prevention of brucellosis in humans and cattle, whose frequency
was higher among abattoir workers (15.3% and 16.7%, respectively) than butchery
workers (2.8% and 4.2% respectively) (p < 0.05) (Table 3.3), other aspects of
brucellosis showed no significant difference between the two categories of meat
handlers (p > 0.05) (Table 3.3). Majority of meat handlers were unable to mention

any zoonotic disease (88.1%) or cause of abortion in cattle (91.6%).

Table 3.3: Knowledge of brucellosis among meat handlers (abattoir and butchery
workers) (n = 143) in selected regions of Namibia.

Abattoir workers (n = 72) Butchery workers (n =71)

Variable Frequency Frequency
N % N % p value

Species affected 10 13.9 4 5.6 0.16
Mode of transmission to humans 4 5.6 3 4.2 0.72
Mode of transmission to cattle 4 5.6 3 4.2 1.0
Symptoms in humans 5 6.9 0 0 0.06
Clinical signs in cattle 2 2.8 2 2.8 1.00
Prevention in humans 11 15.3 2 2.8 0.02*
Prevention in cattle 12 16.7 3 4.2 0.03*

* Statistically significant at 5% level of significance. The participating meat handlers were selected

from one abattoir and 35 butchers in four regions (Gobabis, Khomas, Kavango East and Zambezi) in

Namibia. N=number of respondents. Proportions were compared using the Fisher’s exact test of

association.

3.4.2.3. Medical professionals

All medical doctors (25/25) and most of the nurses (68.7%, 68/99) had knowledge of
the mode of transmission of brucellosis to humans, and the difference was significant
(p < 0.001). A higher proportion of medical doctors (92.0%) than nurses (71.7%)
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gave the correct advice regarding the prevention of Brucella infection in humans (p =
0.04).

Although most medical doctors (96.0%) and nurses (82.8%) had encountered cases
of persistent fever in patients, only 1.6% of the healthcare respondents (two medical
doctors and none of the nurses) listed brucellosis as part of the differential diagnosis.
Other differential diagnoses listed were malaria, tuberculosis, urinary tract infection,
respiratory tract infection, meningitis, HIV/AIDS, influenza (H1N1), COVID-19 and
typhoid fever in descending order (data not shown). Also included in the list of
differentials were deep abscess, rheumatic fever, autoimmune disease, drug fever,
cat-scratch disease, toxoplasmosis, tick-bite fever, leptospirosis, hay fever, dental-
related diseases, and Epstein-Bairr viral infection (data not shown).

3.4.3. Attitudes towards brucellosis

3.4.3.1. Farmers

More commercial (53.6%) than communal (30.3%) farmers considered raw milk to
be as healthy as pasteurized milk sold in shops (p < 0.05) (Table 3.4). However, the
majority of communal (85.6%) and commercial (68.1%) farmers boiled raw milk
before consuming it (p < 0.05). Although most communal (96.9%) and commercial
farmers (89.8%) considered abortions as a profoundly serious occurrence in cattle
herds, high proportions of communal (75.4%) and commercial (82.6%) farmers
treated diseases in their herds without consulting a veterinary official. Furthermore,
majority of communal (96.4%) and commercial (82.6%) did not consider themselves
at risk of brucellosis. Overall, 92.8% of farmers from both farming sectors will need

more information on brucellosis (Table 3.4).
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Table 3.4: Frequency of responses from communal and commercial farmers (n =

264) showing their attitudes towards brucellosis and possible sources of infection in

Namibia.
Communal farmers Commercial
(n =195) farmers (n = 69)
Variable Frequency Frequency
N % N % p value

Raw milk or home-made cheese is as healthy as
similar products sold in retail shops
Yes 59 30.3 37 53.6 < 0.001*
No 134 68.7 28 40.6
Don’t know 2 1.0 4 5.8
It is necessary to boil raw milk before drinking it
Yes 167 85.6 47 68.1 0.001*
No 26 13.3 17 24.6
Don’t know 2 1.0 5 7.2
Seriousness of cattle abortions
Very serious 125 64.1 53 76.8 0.001*
Serious 64 32.8 9 13.0
Not important 6 3.1 7 10.1
Handling of diseased cattle
Treat myself 159 81.5 57 82.6 < 0.001*
Seek veterinary help 68 34.9 19 27.5
Slaughter for meat 4 22.1 2 2.9
Do nothing 0 0 2 29
Risk of Brucella infection
Yes 60 30.8 10 14.5 0.006*
No 120 61.5 47 68.1
Don’t know 15 7.7 12 17.4
Need for brucellosis information
Yes 188 96.4 57 82.6 < 0.001*
No 7 3.6 12 17.4

* Statistically significant at 5% level of significance. The survey was conducted in five of the 14
regions in Namibia. N=number of participants. Proportions compared using the chi-square or Fisher's
exact tests of association.
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3.4.3.2. Meat handlers

About 45.5% (n = 65) of meat handlers regarded raw cow’s milk and homemade
cheese as having the same health status as pasteurized products sold in the shops.
More abattoir than butchery workers considered raw milk to be as safe as
pasteurized milk (61.1% vs 29.6%) and handling of aborted foetus or stillbirth
materials (43.1% vs 19.7%) as unsafe with regards to Brucella infection (p < 0.001)
(Table 3.5). Overall, a high proportion of respondents were averse to handling
(67.1%) or drinking of cattle blood (90.2%) and to the opening of a cow’s uterus
without protective gear (76.9%). Although more butchery workers (32.4%) than
abattoir workers (18.1%) (p = 0.004) mentioned that it was safe to handle blood from
slaughtered cattle with unprotected hands, the perception of risk of Brucella infection
at work was higher among butchery (38.0%) than abattoir workers (27.8%) (p =
0.037) (Table 3.5).
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Table 3.5: Responses of abattoir and butchery workers (n = 143) showing their
attitudes towards sources of Brucella infection at home and the work place in

selected regions of Namibia.

Abattoir workers Butchery workers
(n=72) (n=71)

Variable Frequency Frequency

N % N % p value
Raw milk or home-made cheese is as
healthy as similar products sold in retail
shops
Yes 44 61.1 21 29.6 < 0.001*
No 28 38.9 50 70.4
Handling aborted or stillborn calves with no
protection can result in Brucella infection
Yes 31 43.1 14 19.7 < 0.001*
No 19 26.4 12 16.9
Don’t know 22 30.6 45 63.4
It is safe to handle blood from slaughtered
cattle with unprotected hands
Yes 13 18.1 23 324 0.004*
No 57 79.2 39 54.9
Don’t know 2 2.8 9 12.7
It is safe to drink blood from slaughtered
cattle.
Yes 13 18.1 2 2.8 0.003*
No 57 79.2 63 88.7
Don’t know 2 2.8 6 8.5
Risk of Brucella infection at work
Yes 20 27.8 27 38.0 0.037*
No 44 61.1 43 60.6
Don’t know 8 111 1 1.4

* Statistically significant at 5% level of significance. The survey was conducted in three of the 14
regions in Namibia. N=number of respondents. Proportions were compared using the chi-square or
Fisher’s exact tests of association.

3.4.3.3. Medical professionals
Although most of the nurses (64.6%) and doctors (84.0%) did not think they were at

risk of Brucella infection, a high proportion (94.9% and 88.0% respectively) indicated
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that they needed more information on the disease. The difference in opinion between

the two groups was not significant (p > 0.05) (Table 3.6).

Table 3.6: Responses of medical workers (n = 124) in five regions of Namibia

regarding their attitudes towards brucellosis.

Nurses (n=99) Medical doctors (n=25)
Variable Frequency Frequency

N % N % p value
Risk of Brucella infection 0.171
Yes 34 34.3 4 16
No 64 64.6 21 84
Don’t know 1 1.0 0 0
Need for more information on brucellosis 0.206
Yes 94 94.9 22 88
No 5 51 3 12

* Statistically significant at 5% level of significance. Data was collected using semi-squared

interviews.

3.4.4. Practices that promote Brucella infection and transmission

3.4.4.1. Farmers

Significantly higher proportions of communal farmers than commercial farmers
engaged in practices that promote Brucella infection, including consumption of raw
milk from cattle, sheep or goats, assisting cows to give birth, frequent mixing of
different herds, and use of communal bulls (p < 0.05). Furthermore, more communal
farmers grazed cattle with other animal species, and purchased replacement stock
from other farmers and auctions (p > 0.05) (Table 3.7). Milking of cows by hand was
a common practice among communal (94.4%, n = 184) and commercial (76.8%, n =

53) farmers (data not shown).
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Table 3.7: Practices that promote Brucella infection in humans among communal

and commercial farmers in Namibia.

Communal farmers Commercial
(n=195) farmers (n=69)
Variable Frequency Frequency
N % N % p value
Raw milk consumption
Yes 167 85.6 49 71.0 0.007*
No 28 14.4 20 29.0
Handling of aborted fetuses with bare hands
Yes 62 31.8 22 31.9 0.99
No 133 68.2 47 68.1
Assisting cows to deliver
Yes 127 65.1 34 49.3 0.035*
No 68 34.9 35 50.7
Raising cattle with other animal species (e.g.
goats or sheep)
Yes 72 36.9 58 84.1 <0.001*
No 123 63.1 11 15.9
Purchase of replacement cattle from outside
(e.g. other farmers and auctions)
Yes 166 85.1 51 73.9 0.036*
No 29 15.9 18 26.1
Veterinary health checks on replacement
animals
Yes 149 84.2 39 56.5 0.003*
No 28 15.8 14 20.3
Frequency of contact with other herds
Always 147 75.4 0 0 <0.001*
Sometimes 42 215 3 4.3
Rarely 1 0.5 8 11.6
Don’t mix at all 5 2.6 58 84.1
Breeding method
Own bull 161 82.6 69 100.0 <0.001*
Communal bull 34 17.4 0 0

* Statistically significant at 5% level of significance. Survey conducted in five of the 14 regions in

Namibia. Proportions compared using the chi-square and Fisher’'s exact tests of association.
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The rate of vaccination against brucellosis in communal cattle herds was estimated
at 19.5% (n = 38) and 87.0% (n = 60) in commercial herds. Cattle were vaccinated
using Brucella S19 or RB51 vaccines. No Brucella positive cattle were reported by
commercial farmers. However, one communal farmer reported a case of a
seropositive cow that remained in the herd. Aborted foetuses and membranes were
left on pastures (29.9%, 79/264), fed to dogs (28.8%, 76/264), buried (29.9%,
79/264) or burned (6.4%, 27/264).

3.4.4.2. Meat handlers

Practices that could promote Brucella infection among abattoir and butchery workers
were identified as splashing of blood into the eyes, drinking raw milk, eating
undercooked or raw meat/viscera, assisting cows to deliver with bare hands, and
eating home-made cheese. Both categories of meat handlers were at similar risk of
infection (p > 0.05) (Table 3.8). However, no abattoir worker handled meat or
animals with bruised or injured hands (Table 3.8). In the event of a hand injury, the
workers were either withdrawn from working with meat until healed (31.9%, n = 23),
or the injured part was covered with waterproof dressing (45.8%, n = 33) before
proceeding with their routine work. On the other hand, 7.0% (n = 5) of the butchers
stated that they handled meat using unprotected hands following injuries (Table 3.8).
All abattoir workers were provided with full protective gear, while 38.0% (n = 27) of

the butchers did not use any protective gear.
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Table 3.8: Practices that may promote Brucella infection as mentioned by abattoir

and butchery workers in Namibia.

Abattoir workers Butchery workers
(n=72) (n=71)
Variable Frequency Frequency
N % N % p value
Consumption of raw milk or home-made cheese
Yes 32 44.4 38 53.5 0.32
No 40 55.6 33 46.5
Handle cattle fetuses during carcass dressing
Yes 8 111 13 18.3 0.25
No 64 88.9 58 81.7
Frequency of blood splash into the eyes
Always 3 4.2 3 4.2 0.89
Sometimes 17 23.6 16 225
Rarely 17 23.6 13 18.3
Never 35 48.6 39 54.9
Eat cattle testicles, uteri, undercooked or raw meat
Yes 35 48.6 26 36.6 0.18
No 37 51.4 45 63.4
Handle meat with bare hands following injury
Yes 0 0 5 7.0 0.03*
No 72 100 66 93.0

* Statistically significant at 5% level of significance. The survey was conducted in five of the 14

regions of Namibia, using semi-structured questionnaires. N=number of respondents. Proportions

were compared using chi-square and Fisher’s exact test.

3.4.4.3. Medical professionals
More nurses (55.6%, 55/99) than medical doctors (28.0%, 7/25) (p = 0.014)

consumed raw milk and/or other dairy products such as home-made cheese and
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yoghurt (Table 3.9). Although only one medical doctor and six nurses assisted cows
to deliver without hand protection, four medical doctors and 34 nurses indicated that

they were at risk of Brucella infection.

Table 3.9: Practices that were identified as likely to expose medical practitioners to

Brucella infection in five regions in Namibia.

Nurses (n=99) Medical doctors

(n=25)

Variable Frequency Frequency

N % N % p value
Consumption of raw milk or dairy products
Yes 55 55.6 7 28 0.014*
No 44 44.4 18 72
Assistance to cows during delivery with no
protection
Yes 6 6.1 1 4 1.0
No 93 93.9 24 96

* Statistically significant at 5% level of significance. A semi-structured questionnaire survey was
conducted in five of the 14 regions in Namibia. All nurses and medical doctors in 10 private and public
health facilities in the five regions (Hardap, Gobabis, Khomas, Kavango East and Zambezi) were

interviewed.

All communal cattle farmers (n = 195) and meat handlers (n = 143) had not seen a
case of human brucellosis in their lifetime, while four commercial cattle farmers,
three nurses and two medical doctors had seen a total of 13 cases of the disease.
The source of infection in the observed cases were reported as raw milk
consumption and contact with live or dead cattle. The clinical signs observed were
fever, poor appetite, back pain, joint pain, general body aches, headaches, and night
sweats. Other symptoms included body weakness, vomiting, abdominal pain,
diarrhoea, weight loss, skin rashes, swollen liver, and lymph nodes. Treatment in
medical facilities was by administration of doxycycline and rifampicin for six weeks,

which resulted in complete recovery of all patients.
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3.4.5. Mode of receiving information

Respondents received information on brucellosis through veterinary officials (13.6%,
n = 72), radio programs (13.2%, n = 70), training workshops (9.2%, n = 49),
pamphlets (6.4%, n = 34), email (3.0%, n = 16), posted mail (1.5%, n = 8),
telephonically (0.8%, n = 4), short message service (sms) (0.4%, n = 2), farmers’

magazine (0.2%, n = 1) and newspapers (0.2%, n = 1).

3.4.6. Multivariable analysis

Multiple correspondence analysis of seven variables (age, gender, education,
occupation, years at work, awareness, consumption of raw milk and products)
showed that dimensions 1 and 2 were sufficient to retain 29% of the total variation
(inertia) contained in the data. The variables that contributed most to the two
dimensions, and therefore the most important in explaining variations in the dataset
were: age 18 to 30 years (16.5%), nurse (20.2%), work for less than 2 years (12.7%)
and awareness (yes) about brucellosis (15.0%), while other variables, including age
31-50 (0.9%), raw milk consumption (yes) (2.8%) and male (2.4%) contributed the

least to the dimensions.

The distance of the variable profiles from the origin of the factor map was evaluated.
Categories such as medical doctor, nurse and commercial farmers that lie far from
the origin of the map reflect variation (special pattern) from the average (Figure 3.2).
Thus, all medical doctors (100.0%, n = 25), most nurses (67.0%, 66/99) and
commercial farmers (84.1%, 58/69) were aware of brucellosis, and in both categories
of medical profession, all individuals had tertiary education (Figure 3.2).

3.4.6.1. Awareness of brucellosis

Age was not significantly associated with awareness of brucellosis, with more than
50.0% of each age category found to be unaware (p = 0.8) (Figure 3.2), and there
was little or no association between gender (female, male) (each <50.0%) with
awareness about the disease (p = 0.04). Evaluation of education levels showed a
good association between awareness and tertiary education (p < 0.001), but no
association was observed for primary, secondary or lack of formal education.

Awareness was associated with medical practice; most nurses (67.0%, 66/99) and
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all medical doctors (n = 25) were aware of the disease (p < 0.001). On the other
hand, awareness was less with the other occupations, that is, butcheries (8.5%,
6/71), abattoirs (19.4%, 14/72) and communal farmers (31.8%, 62/195) (Figure 3.2).
Overall, there was no significant association between awareness of brucellosis and
consumption of raw milk (p = 0.62) (Figure 3.2). Therefore, although a large
proportion of commercial farmers drank raw milk and/or milk products (71.0%,
49/69), this category was aware about brucellosis (84.0%, 58/69) (Figure 3.2). For
the number of years at work, individuals who had worked for more than 5 years were
more aware about brucellosis than those who had worked for less than 2 years or 2
to 5 years (Figure 3.2).
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Figure 3.2: A symmetric biplot of the first two axes of a multiple correspondence analysis (MCA)
showing the association between potential risk factors related to human brucellosis in Namibia. The
variables included were education level, occupation, gender, age, duration at work, consumption of
raw milk/milk products, and awareness of brucellosis. A total of 531 participants (195 communal
farmers, 69 commercial farmers, 71 butchery workers, 72 abattoir workers, 99 nurses and 25 medical
doctors) were interviewed from five regions, namely Hardap, Khomas, Kavango East, Omaheke and

Zambezi.

101



3.4.6.2. Consumption of raw milk and milk products

The consumption of raw milk and milk products was associated more with older age
categories, >50 years (72.2%, 83/115) and 31-50 years (68.2%, 195/286), than with
the younger category, 18-30 years, (53.8%, 70/130) (p = 0.004) (Figure 3.2).
Analysis of gender with respect to consumption of raw milk showed that the practice
was more common among males (69.9%, 255/365) than females (56.0%, 93/166) (p
= 0.002) (Figure 3.2). A similar pattern of association was observed between
consumption of raw milk and the four education categories (p = 0.23), that is, 76.9%
for no formal education, 66.7% for primary, 67.8% for secondary and 61.6% for
tertiary (Figure 3.2). Relatively high proportions of communal farmers (85.6%,
167/195) and commercial farmers (71.0%, 49/69) consumed raw milk (p < 0.001),
but the practice was not common among abattoir workers, butchery workers and
medical personnel (Figure 3.2). Assessment of the participants’ longevity in their
occupations showed that longer duration (>5 years) (71.3%, 238/334) was linked to
consumption of raw milk and its products, but little or no association of the practice
was observed with shorter duration in occupation (<2 years, 2-5 years) (Figure 3.2).
Interestingly, about a half (43.7%, 232/531) of the people with more years in

occupation were farmers.

3.4.6.3. Cluster analysis

Cluster analysis showed that demographic characteristics and potential risk factors
for brucellosis led to partitioning of the participants into three clusters (Figure 3.3 and
Table 3.10). The variables that most significantly influenced the clustering of
participants were occupation (p < 0.001) and education (p < 0.001), based on the
chi-square test (Table 3.10). The first cluster comprised mainly the communal and
commercial farmers, work for more than five years, and age above 50 (Figure 3.2
and Figure 3.3). The second cluster comprised butchery and abattoir workers, while
medical personnel (nurses and doctors) constituted the third cluster (Figure 3.2 and
Figure 3.3).
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Figure 3.3: Factor map showing clustering of individual participants by demographic (education,
occupation, age, years at work, gender) and risk factors (awareness, raw milk consumption) for
brucellosis. Cluster 1: communal and commercial farmers, work for more than five years, and age
above 50; Cluster 2: butchery and abattoir workers; Cluster 3: medical personnel (nurses and
doctors). Data was collected during questionnaire interviews of 531 participants in five regions of

Namibia.

Table 3.10: Variables that significantly influenced clustering of participants based on

knowledge, attitudes and practices concerning brucellosis in Namibia.

Variable p-value Degrees of freedom
Occupation 1.46E-196 10

Education 1.27E-48 6

Years at work 4.94E-43 4

Age 1.75E-30 4

Awareness about brucellosis 6.16E-25 2

Consumption of raw milk and milk products 2.38E-15 2

Gender 2.71E-15 2

The 531 participants were drawn from five regions in Namibia. Cluster analysis was determined using

chi-square test.
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3.5. Discussion

Cases of brucellosis have been confirmed in humans (Magwedere et al., 2011) and
domestic ruminants (Madzingira et al., 2014, 2015, 2016, 2020) in Namibia. Hence,
a ‘One Health’ approach was used to assess knowledge, attitudes and practices in
farmers, meat handlers and medical professionals with a view to guide brucellosis

control programmes and public health interventions in the country.

The current study found that 43.5% of the respondents were aware of brucellosis,
which is lower than awareness levels reported in Nigeria (92.9%) (Buhari et al.,
2015), Uganda (99.3%) (Kansiime et al., 2015) and Egypt (83.0%) (Safaan and
Mohsen, 2016). Previous studies have shown that brucellosis awareness and
prevalence are positively correlated (Govindaraj et al., 2016). Therefore, the low
awareness recorded in the current study may be related to the low prevalence of
brucellosis in Namibia (Madzingira et al., 2014; 2015; 2016; 2020) and has the
potential to negatively impact compliance with brucellosis control measures and
surveillance for the disease in the country (Ruano and Aguayo, 2017). Multivariable
analysis confirmed that brucellosis awareness was particularly low among communal
cattle farmers (31.8%), abattoir workers (19.4%) and butchers (8.5%), the majority of
whom had limited education (63.6%, 87.5% and 88.7% respectively), when
compared to participants with tertiary education (nurses and doctors). Studies in
other countries have reported similar findings (Lindahl et al., 2015; Ruano and
Aguayo, 2017), highlighting the need to focus public health education on these
groups. Brucellosis awareness increased with the number of years spent in an
occupation, showing that experiential learning is an important component of
brucellosis knowledge acquisition (Govindaraj et al, 2016). Previous studies have
implicated low literacy rates, lack of health education programs, limited training on
animal handling and rearing procedures, limited extension services, absence of
health facilities and the remote location of participants as causes of low brucellosis

awareness (Munyeme et al., 2010).

In this study, communal cattle farmer awareness and knowledge of brucellosis was
significantly lower than that recorded in commercial cattle farmers. Awareness

among communal farmers in this study (31.8%) was about half the awareness level
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(60.0%) of communal farmers in South Africa (Cloete et al., 2019). Previous studies
have implicated limited access to animal health resources and services (FAO, 2001,
Grace et al., 2017) as causes of low animal disease knowledge among communal
farmers. In Namibia, this was confirmed by Haakuria et al. (2020) and may be the
reason, in part, why most farmers treated animals without consulting veterinary
personnel. Although a high proportion of commercial farmers (84.1%) were aware of
brucellosis, they lacked in-depth knowledge of the disease, particularly, on the
clinical manifestation of the disease in cattle and prevention of the disease in
humans. This may explain why a large proportion of these farmers underappreciated
the risk of infection with brucellosis and consumed raw milk. In contrast to a report by
Cloete et al. (2019), the current study showed a minor role for state veterinary
services (14.3%) in promoting brucellosis awareness, with the workplace (46.3%)

and training institutions (26.0%) playing a major role.

Brucellosis awareness and knowledge was low among meat handlers. As expected,
awareness was higher at the highly regulated export abattoir than at the less
regulated urban butcheries. The frequency of brucellosis awareness among butchers
(8.5%) was comparable to findings of a similar study in India (11.0%) (Singh and
Jindal, 2017), while awareness levels in abattoirs workers (19.4%) were lower than
the level (76.0%) reported in Tanzania (Luwumba et al., 2019). The low level of
brucellosis knowledge that was recorded in meat handlers (2.8-16.7%), contrasts the
higher levels recorded in Ethiopia (44.2%) and Tanzania (76.0%) (Tsegay et al.,
2017) (Luwumba et al., 2019). Despite the apparent lack of brucellosis knowledge, it
was encouraging that < 7.0% of meat handlers handled carcasses without protection
or with bruised or injured hands. Results of this study show that most abattoir and
butchery operators provided protective wear to their workers but did not provide
adequate training on zoonotic disease to meat handlers. Therefore, an intensified
risk communication strategy involving abattoir and butchery operators is
recommended to reduce potential exposure to Brucella infection among meat

handlers.

Knowledge on various epidemiological aspects of brucellosis including the mode of

transmission and prevention in humans was more frequent amongst medical
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professionals (more than two-thirds), than other participant categories, as was also
observed in Uganda (Nabirye et al., 2017). However, brucellosis was rarely
considered during diagnosis of febrile illnesses among patients that visited medical
facilities, with only two medical doctors considering it and none of the nurse
respondents. The multiplicity of diseases that present with similar non-specific
clinical symptoms in Namibia such as malaria and typhoid, may have played a role.
Therefore, as has also been observed in Tanzania (Zhang et al., 2016), active
surveillance for human brucellosis at medical facilities around the country may be
low. With a third (33.3%) of the nurses lacking brucellosis knowledge, misdiagnosis
of brucellosis within the population and the subsequent development of the severe
chronic disease in patients due to delayed or no treatment cannot be ruled out
(Kunda et al., 2007; Kunda, Kazwala and Mfinanga, 2008; Dean et al., 2012; Nabirye
et al., 2017). Such a situation is likely to be more prevalent in remote areas of the
country where in the absence of physicians, nurses make the initial diagnosis. With a
contribution of only 0.43% to awareness among the respondents, the Ministry of
Health and Social Services needs to play an increased role in the dissemination of

zoonotic disease information to the Namibian population.

Most of the farmers (91.3%), meat handlers (67.8%) and medical professionals
(68.5%) did not perceive that they were at risk of Brucella infection and were
therefore likely to engage in practices that pose a risk for Brucella infection such as
drinking raw milk, assisting cow parturition and disposal of aborted foetuses without
wearing protective gloves (Ruano and Aguayo, 2017). Multivariable analysis
revealed no significant association between awareness of brucellosis and
consumption of raw milk. The absence of an association between participants’
knowledge and practices has also been observed by other studies (Mangesho et al.,
2021) and explains the following findings from this study: 1) approximately half of the
farmers and meat handlers regarded raw milk and pasteurized milk from shops as of
same health status; 2) respondents’ education did not affect their attitude towards
consuming raw milk and milk products; 3) and individuals with more work experience
were more likely to consume raw milk and milk products. Although the consumption
of raw milk was linked to farmers, the majority of communal (85.6%) and commercial

farmers (68.1%) boiled raw milk before consuming it, which may be the reason why

106



most farmers did not think that they were at risk of Brucella infection. Further positive
attitudes were recorded in most of the farmers and meat handlers regarding the
handling of blood with bare hands, drinking cattle blood and the opening of the
uterus, which reduce possible exposure to infection. It was also encouraging that
most farmers, meat handlers and medical professionals requested education on
brucellosis, an observation that was also made among participants in Uganda
(Kansiime et al., 2015). The identified positive attitudes can be used as a basis for
improving knowledge of the disease among the respondents through health

education.

The likelihood of consumption of raw milk and milk products increased with age of
respondents, and was more common among males than females, and among
communal farmers than commercial farmers. Therefore, old age did not seem to
result in a change of eating habits. The fact that more males than females consumed
raw milk may reflect the closeness and dependency of male livelihoods on animals in
the Namibian society, as has been reported elsewhere (Grahn, 2013; Cleaveland et
al., 2017).

In the communal areas, the study identified regular contact among cattle herds
(75.4%); low brucellosis vaccination rates (19.5%) and the use of communal bulls
(17.4%) as practices that may promote Brucella infection and transmission between
and within herds. It is difficult to control brucellosis in a pastoral system where
regular contact between herds occurs (Sammartino, Gil and Elzer, 2005), but the
vaccination of cattle can be promoted to reduce abortions and disease incidence.
The low vaccination rate identified in the communal sector (19.5%) compared to the
commercial sector (87%) may be due to low awareness of the disease among
farmers; a lack of resources to implement the vaccination program (FAO, 2001) or
limited enforcement of the compulsory vaccination of heifers 3-8 months of age using
the S19 vaccine by government officials (Madzingira et al., 2020). On commercial
farms, the rearing of cattle in a mixed farming system with domestic or wild animal
species (85.5%) and the sourcing of replacement cattle from outside the farm by
most farmers (82.6%) are practices that can promote the introduction and

persistence of infection due to several reservoirs. On a positive note, both communal

107



(76.4%) and commercial (56.5%) farmers performed health assessments on
replacement cattle before purchase, which though not specific, can contribute to
brucellosis prevention on farms. The practices implemented by most commercial
farmers including the absence of contact between different cattle herds (84.1%),
vaccination of cattle (87.0%), seeking veterinary help in case of suspected
brucellosis (60.9%), and the use of own breeding bulls promote the prevention and

control of the disease on farms.

The high level of awareness and knowledge of brucellosis that was observed in
medical professionals did not translate into good practices to prevent Brucella
infection, as has been observed by other studies (Arif et al., 2017). For example,
some medical doctors consumed partially roasted meat sold by street vendors, and
came in contact with cattle fluids with no protection and consumed raw milk (28.0%).
Furthermore, some nurse respondents consumed home-made cheese and yoghurt,
undercooked meat, raw meat such as biltong; handled cattle blood or consumed
meat of doubtful health status and more than half consumed raw milk (55%).
Similarly, a large proportion of commercial farmers (71%) drank raw milk, despite
being aware that brucellosis can be transmitted to humans through raw dairy
products. Results of this study agree with previous reports that high levels of
brucellosis awareness and knowledge do not necessarily translate into appropriate
behaviours and practices, because perception of risk is influenced by several factors
including life experiences and culture (Sjoberg, 2000). Therefore, a shift in behaviour
and cultural practices may be necessary to reduce the risk of exposure of humans to
brucellosis as earlier reported (Njenga et al., 2020).

Based on the relatively low levels of brucellosis awareness and knowledge
determined in this study, public health education and awareness campaigns are
recommended as the main strategy for risk mitigation. Such campaigns, led by public
health and veterinary officials, and following a One Health approach, should focus on
communal farmers, abattoir workers and butchers. Awareness regarding the boiling
of raw milk before consumption, the wearing of protective gear such as gloves when
assisting cow delivery or handling aborted animal tissues, and the vaccination of

cattle against brucellosis should be emphasised. Disease awareness material should
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be designed and delivered to the public based on the data generated in the current
study. Furthermore, medical professionals should be regularly sensitised to consider
brucellosis as a differential diagnosis for febrile conditions. It is also recommended
that the Ministry of Health and Social Services develop a strategy for surveillance
and control of brucellosis in the country. Future studies to determine the burden of

Brucella infection in occupationally-exposed groups are recommended.

The limitation of this study was the low response rate among medical doctors
compared to other groups. This was due to the small number of doctors in the
regions of study, which was also compounded by their busy schedules. However,
because the study covered four regions, the results can be taken as representative
of the situation in the country. Furthermore, one cattle abattoir was included in the
study because it was the only high throughput abattoir that was operational in the

country at the time.

3.6. Conclusion

The study identified brucellosis knowledge, attitude and practice deficiencies that
may predispose humans to serious public health effects and reduce -cattle
production. Awareness and knowledge of the disease were particularly low among
communal farmers, abattoir, and butchery workers. Practices that are a risk for
human infection with Brucella spp. including the consumption of raw milk and
associated dairy products, consumption of undercooked meat, splashing of blood
into the eyes during slaughter and assisting cows during delivery were identified

among the study groups.
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4.1. Abstract

Human brucellosis is an underreported and re-emerging zoonotic disease of public
health importance worldwide. Occurrence of the disease in the human population is
linked to its presence in the animal population. Secondary data comprising human
brucellosis serological testing results (2012-2017) were analyzed to estimate the
prevalence, determine distribution of cases and to identify plausible risk factors for
the disease. Serological testing was carried out at an accredited state laboratory, the
Namibia Institute of Pathology laboratory, using a commercial rapid agglutination
test. Seroprevalence was 11.64% (113/971, 95% CI: 9.77-13.81%). Annual
prevalence of infection among the tested individuals doubled from 2012 (14.07%) to
2017 (28.97%), despite an obvious decline in the number of presumptive cases.
Most of the positive cases (56.32%, n = 98) originated from private medical facilities
and were clustered in the 30-40 year age group. Brucellosis prevalence increased
with age up to the 30-40-year age range and thereafter declined. There were more
female reactors (64%) than males (36%) (z = -5.24, p < 0.01). Disease incidence

was reported in all 14 regions of Namibia. Regional incidence of brucellosis in
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humans ranged from 0.49 per 100 000 (Oshikoto) to 44.27 per 100 000 Hardap).
National incidence rate was determined to be 6.96 per 100 000 population. Among
the regions, the risk of infection was not significant (RR: 0.997, 95% CI: 0.971 - 1.02)
except for the Erongo region (RR: 0.398, 95% CI: 0.164 - 0.962). Both age category
(RR: 0.980, 95% CI: 0.907 - 1.05) and gender (RR: 0.800, 95% CI: 0.598 - 1.069)
were not risk factors for the disease. This study revealed the prevalence of
brucellosis in the Namibian population, with incident cases reported in all regions of
the country. A One Health approach towards the prevention and control of the

disease is recommended.

4.2. Introduction

Brucellosis is a zoonosis of global importance that is caused by Brucella spp.
Brucella abortus and B. melitensis are the main pathogens responsible for disease in
humans and production losses in cattle, sheep, and goats. Human infection is
acquired by direct contact with infected animals or indirectly through the
consumption, contact with (Kuplulu and Sarimehmetoglu, 2004) or inhalation of
infected material from animal reservoirs (Chukwu, 1987). Unpasteurized milk, home-
made cheese, and ice cream, as well as meat, present a risk for human infection
(Fensterbank, 1986; FAO/WHO, 1986; Chukwu, 1987; Leclerc et al., 2002; Doganay
and Aygen, 2003; Kuplulu and Sarimehmetoglu, 2004; Godfroid et al, 2005; Corbel,
2006). Brucellosis is an occupational hazard for professionals who are in regular
contact with animals and animal products, such as veterinarians, butchers, and
livestock farmers (Chukwu, 1987; Boschiroli et al., 2001; EC, 2001; Godfroid, 2002;
Moyer and Holocomb, 2005).

Human infection manifests as an acute, subacute, or chronic infection with non-
specific symptoms that are consistently accompanied by an intermittent fever. Other
symptoms associated with brucellosis include headache, night sweats, back pain,
chronic fatigue, polyarthritis, pneumonia, meningitis, weight loss, abortions, and
prostration (EC, 2001; Godfroid, 2002; Pappas et al.,, 2005; Al Dahouk, 2007).
Chronic brucellosis has a negative impact on the social and economic facets of
affected patients, as patients spend many days away from work and treatment is

prolonged and expensive (WHO, 2006; Zinsstag et al., 2007).
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Brucellosis is often overlooked by public health authorities in developing countries
(WHO, 2006; FSAI, 2009; Hotez and Gurwith, 2011; Godfroid et al., 2011) due to
inadequate monitoring, insufficient human resource and laboratory capacity for
diagnosis or surveillance (Fournier et al., 2015) as well as the presence of other
acute febrile illnesses, such as malaria, typhoid, paratyphoid, and influenza that
confound clinical diagnosis of the disease (Renukaradhya et al., 2002). As a result,
the infection is re-emerging worldwide (Godfroid, 2002; Pappas, 2010), with global
estimates of over 500 000 (Pappas, 2010) to 12 500 000 cases per year (Godfroid et
al., 2013; Berger, 2016). Global burden of the disease is estimated at <0.03 to >160
per 100 000 population (Kistner, 1985; Taleski et al., 2002; Pappas et al., 2006;
Seleem et al., 2010).

Diagnosis of human brucellosis is primarily based on serological assays, although
isolation is the gold standard test. Screening and confirmation of presumptive cases
can be done using rapid agglutination tests, the standard agglutination test (SAT),
the Rose Bengal test (RBT) (Lucero et al., 2007; Zeytinoglu et al., 2018), Coombs
Test, Complement Fixation Test or the enzyme-linked immunosorbent assay (ELISA)
(WHO, 2006). In Namibia, a commercial rapid slide agglutination test (Fortress
Diagnostics Limited, UK, www.fortressdiagnostics.com), is used to screen patients
for Brucella infection. This test kit is also used in many African countries to confirm
clinical cases of brucellosis (de Glanville et al., 2017). Although PCR is an effective
assay for detecting Brucella infection, it has not yet been validated for use on human

specimens in Namibia.

Reports of human brucellosis in Namibia are limited. In the only report identified in
the literature, an outbreak of human brucellosis was linked to the consumption of
goat derived raw milk and home-made cheese (Magwedere et al., 2011). However,
serological evidence of the disease in cattle, sheep and goats abounds from
previous studies (Madzingira and McCrindle, 2014; Madzingira and Sezuni, 2017)
and annual reports of the Ministry of Agriculture, Water and Land Reform
(Directorate of Veterinary Services). As in other African countries, the epidemiology

of brucellosis and its burden on the human population are poorly described (Foster
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et al., 2018). Therefore, the aim of this study was to estimate the prevalence of
infection and to identify plausible risk factors for the disease based on serological
testing data collected from 2012 to 2017. It is anticipated that the data obtained will
provide evidence based empirical information to assist public health and veterinary
authorities in formulating and refining strategies for preventing and controlling the

disease in the country.

4.3. Material and Methods

4.3.1. Study area

Namibia is located at -22°58'1.42"S and 18°29'34.80"E in the southwestern part of
Africa and covers a total land area of 824 292 km?2 (Info-Namibia, 2019). It is divided
into 14 administrative regions and has an estimated total population of 2.5 million
inhabitants. The northern and north-eastern parts of the country are densely
populated communal areas where the human population lives close to domestic
ruminants and grazing is communal. The southern part of the country has
predominantly large commercial livestock farms that are sparsely stocked and
populated. Daytime temperatures vary from around 20°C at the coast to 50°C in the
desert. Namibia has two main seasons, the hot summer or rainy season (October to

March) and the cool winter or dry season (April to September).

4.3.2. Study design

This study was a cross-sectional sero-epidemiological study on presumptive clinical
cases of human brucellosis (2012-2017) that were screened for brucellosis at the
Namibia Institute of Pathology between 2012 and 2017. The data were used to
describe the demographic characteristics (age, sex), prevalence and distribution of
confirmed cases at regional and country level and to identify plausible risk factors.
For the purposes of this study, a presumptive or suspected case of brucellosis was
defined as a patient who visited a certified private or state physician, and after
clinical evaluation, was suspected to have brucellosis-like symptoms and whose
blood sample was submitted to the laboratory for brucellosis screening. A positive or
confirmed case of brucellosis was considered as a presumptive or suspected case

that showed a positive titre on the agglutination test.
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4.3.3. Data collection

Human brucellosis testing results from around the country (2012 to 2017) were
retrieved from the Namibia Institute of Pathology (NIP) database with prior
authorization of the Ministry of Health and Social Services. The data were filtered to
retain only the cases that met the case definition for presumptive and confirmed
cases of brucellosis. For each case, the date of sampling, patient identification code,
location of health facility, age, sex, and the outcome of the serological test were
recorded. Patient exposure history and clinical symptoms were missing from the

data, and thus, were not part of this study.

4.3.4. Serological tests

Serological diagnosis for brucellosis was carried out at the NIP using a commercial
rapid slide agglutination test kit (Fortress Diagnostics Limited, United Kingdom) as
the principal assay, following the manufacturer's procedure. The test used
standardized and stained B. abortus (FEBBABO5) and B. melitensis (FEBBMEOQ5)
somatic ‘O’ antigens (febrile antigens) to detect antibodies against Brucella spp. in
human serum. Briefly described, reagents and sera were brought to room
temperature and the antigen (B. abortus and B. melitensis) was thoroughly
reconstituted before use. A drop of 50 pul of test serum was mixed with a drop of 50
ul of B. abortus antigen on a test card circle using a disposable stirrer. The serum
and antigen mixture were then placed on a mechanical rotator at 100 revolutions per
minute (rpm) for two minutes. Results were read under a bright artificial light by
checking for the presence or absence of agglutination (clumping) within a minute of
removal from the rotator. Results were validated by comparing the outcome to the
positive and negative controls that were supplied with the kit and run for each test
batch. As part of quality assurance program of the laboratory, the quality of test

antigens was routinely verified using known positive and negative sera.

Samples that tested positive on the rapid slide agglutination test were confirmed and
titres determined using the semi-quantitative agglutination test by the same test kit
manufacturer (Fortress Diagnostics Limited, United Kingdom). In this test, different
volumes (80, 40, 20, 10 and 5 pl) of undiluted patient serum were placed on five
separate test circles (1 to 5 respectively) using a micropipette and 50 ul of Brucella

spp. antigen were added to each test circle. Test serum and antigen were mixed
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using a disposable stirrer and placed on a mechanical rotator at 100 rpm for two
minutes. Observation for agglutination was done as described for the qualitative test.
The positive titres were determined as the highest dilution that showed agglutination,
while negative results were those that did not show any agglutination. Agglutination
in the first, second, third, fourth or fifth well was considered as representing a 1:20,
1:40, 1:80, 1:160 or 1:320 titre, respectively. Positive and negative controls were

prepared for each run of tests and used to validate the performance of the test.

4.3.5. Data analyses

Brucellosis testing results were stored in Microsoft Excel® spreadsheet version 2007
(Microsoft Corporation, USA) and exported to STATA version 15 for data analysis.
Demographic data were analyzed using descriptive statistics. The z-test was used to
test the significance of differences between the proportion of reactor males and
females. The cumulative incidence of reactors was used to estimate prevalence,
temporal, and spatial distributions over the study period. Spatial distribution of
positive cases was mapped using GIS in ArcView. Incidence was estimated per
region and for the country as the proportion of seropositive cases in the population
over the six-year study period and determined for the 100 000th person. P values <
0.05 were taken as statistically significant. A log binomial regression model was used
to determine the effect of region on relative risk (RR) of infection. Relative risk for

age and gender were entered into a multivariable log binomial model.

4.3.6. Ethical approval

The study protocol was approved by the Ministry of Health and Social Services
(Namibia) (Appendix 10) and the Research Ethics Committees of the University of
Pretoria (REC056-20 and HUM026/0620) (Appendices 6 and 7).
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4.4. Results

4.4.1. Patient demographics

A total of 971 presumptive cases of brucellosis were tested for anti-Brucella
antibodies over the six-year study period. The number of patients with suspected
Brucella infection declined from 199 (20.5%) cases in 2012 to 107 (11.0%) cases in
2017.The median age of the patients was 36 years (interquartile range (IQR) 25 - 49
years). Most of the participants were aged between 30 and 40 years (26.78%, n =
260), followed by those who aged between 41-50 years (18.02%, n = 175), 20 - 29
years (16.58%, n = 161), 51-60 years (15.65%, n = 152), 13 — 19 years (8.55%, n =
83), 61 — 84 years (6.18%, n = 60), 6 — 12 years (5.56%, n = 54), and 0 — 5 years
(2.68%, n = 26). Most patients were females (59.32%, n =576, z = 5.7, p < 0.001).

4.4.2. Overall prevalence of positive cases

Overall brucellosis prevalence was 17.92% (174/971, 95% CI: 15.64-20.46%) based
on the diagnostic cut off point for the agglutination test (1:20). The estimated
seroprevalence was adjusted to 11.64% (n = 113) based on the recommended
diagnostic cut off point of = 1:80 for rapid agglutination tests. Prevalence of active
infections among the tested individuals was 6.90% (67/971), based on the widely
recommended diagnostic titre of = 1:160 for brucellosis. Most positive cases
(56.32%, n = 98) detected in this study were examined by physicians at private

medical facilities, while the remainder were from public hospitals and clinics.

4.4.3. Prevalence of positive cases by year

Annual prevalence of seropositive patients (Figure 4.1) differed between 2012 and
2013 (p = 0.04), as well as 2016 and 2017 (p = 0.015), but not between 2013 and
2014 (p = 0.11), 2014 and 2015 (p = 0.98), or 2015 and 2016 (p = 0.84).

4.4.4. Positive reactors by age and gender

For each age category (Figure 4.2), there were proportionally more female
seropositive cases (64.37%, 112/174) than male (35.63%, 62/174), except in the age
categories 6-12, 51-60 and 61-84 years. Of the 113 patients confirmed as positive
based on the recommended cut off titre of = 1:80, 68.14% (77/113) were female,

while 31.86% (36/113) were male. Overall, positive cases were clustered in the 20-
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50 year age range, with the highest proportion of positive cases in the 30-40 year

age group (32.33%, 58/174) and the lowest in the 0-5 year age group (0.57%,
1/174).
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Figure 4.1: Seroprevalence of human brucellosis among the tested patients by year.

Seroprevalence (%)

EENTE 1 N N

0-5 6-12 1319  20-29 30-40 41-50 51-60 61-84

Age (years) mFemale @Male

Figure 4.2: Seroprevalence of human brucellosis among suspected cases in
Namibia by age and gender, 2012 - 2017.

The prevalence of seropositive patients in both males and females increased with
age from 0-5 years of age to reach peak prevalence at 30-40 years and declined

thereafter (Figure 4.2). Annual and overall prevalence of anti-Brucella antibodies was
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higher in females than in males (Figure 4.3), but the differences were not significant
(x* =2.24, p=0.14).

40 -
< 30 1
[
i
T 20 4
2
o
=]
810 -

0 . . . . .

2012 2013 2014 2015 2016 2017
Year

mFemale m@Male

Figure 4.3: Seroprevalence of human brucellosis among suspected cases in
Namibia by gender, 2012 — 2017.

4.4.5. Distribution of positive cases

A higher proportion of positive cases (55.17%, 96/174) were confirmed during the
rainy season (October-March) than the dry season (April-Sept) (44.83%, 78/174),
with November (n = 27) recording the highest number of positive cases. However,
the seasonal differences in prevalence were not statistically significant (z=1.9, p =
0.05).

All 14 regions of the country recorded at least one incident case of brucellosis
(Figure 4.4) over the study period. The highest number of incident cases were in
Khomas (n = 66), followed by Hardap (n = 41), Kunene (n = 17), Karas (n = 15),
Oshana (n =11) and the rest of the regions (1 - 10 cases). Most regions where the
human population lives on communal areas such as Kavango, Zambezi, Omusati,
Ohangwena and Oshikoto, had lower incidence of the disease (1-4 cases) than
regions with urban areas.
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Figure 4.4: Number of incident cases reported per region from 2012-2017. The
highest number of cases were recorded in the Khomas region followed by the

Hardap region, with lower cases in the rest of the regions.

A log binomial regression model was used to determine the relative risk (RR) of
infection for age and gender, using Oshikoto as the reference region. The risk of
infection was significant in the Erongo region (RR: 0.398, 95% CI. 0.164 - 0.962)
compared to Oshikoto and other regions. Neither age category (RR: 0.980 95% CI:
0.907 - 1.05) nor gender (RR: 0.800, 95% CI: 0.598 - 1.069) were significant
predictors of risk of Brucella infection.

4.4.6. Incidence of brucellosis

Overall, the incidence of brucellosis over the six-year study period was 6.96 per 100
000 persons. This was calculated based on an average population of 2 500 000
people. Among administrative regions, relatively high incidence was recorded for the
Hardap (44.27), followed by Karas (17.35), Kunene (15.49), and Khomas (14.11),
while the other regions had incidence of 0.49-4.58 per 100 000 persons (Figure 4.5).
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Figure 4.5: A comparison of incidence of brucellosis per 100 000 persons among

the administrative regions of Namibia. Hardap recorded the highest incidence.

4.5. Discussion

Brucellosis is a zoonotic disease with the potential to cause serious impacts on the
health of a population. The prevalence of the disease in the animal population
typically corresponds with the prevalence in the human population (Refai, 2002;
WHO, 2006; Makita et al., 2010; Osoro et al., 2015). Human brucellosis cases are a
good indicator of the presence of infection in animal populations (WHO, 2006).
Control of the disease in animals often results in reduced incidence in humans. In
Namibia, brucellosis is a notifiable and endemic disease that has been reported in
cattle, sheep, and goat populations over the years (Magwedere et al., 2011;
Madzingira and McCrindle, 2014; 2015; 2016; Madzingira and Sezuni, 2017).

In this study, we document an apparent serological prevalence (symptoms and
serological diagnosis) of 11.64% for brucellosis among patients of varied ages that
presented with symptoms suggestive of human brucellosis in Namibia from 2012 to
2017. Since seropositive patients were 5 years and older, congenital infection is
unlikely to have played a role. In contrast to the high seroprevalence (11.64%)
determined in humans in this study, studies in cattle and sheep (the most likely
sources for human infection), have consistently yielded prevalence of less than 2%

over the years (Magwedere et al. 2011; Madzingira and McCrindle, 2014; Madzingira
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and Sezuni, 2017). Therefore, the possibility exists that the testing of persons with
brucellosis-like symptoms could have exaggerated the seroprevalence in this study.
As expected, the prevalence determined in this study was higher than the 2.19%
reported in a sample of apparently healthy abattoir workers in Namibia (Magwedere
et al., 2011). It was comparable to a prevalence of 17% reported in Uganda
(Tumwine et al., 2015), but lower than the 23.3% reported in South Sudan (Madut et
al., 2018). Previous studies that were based on serological testing of presumptive
clinical cases and made use of a similar commercial rapid slide agglutination test as
in this study, reported prevalence of 12.8% (Alkahtani et al., 2020) and 19.6% (de
Glanville et al., 2017). Understandably, studies involving patients with brucellosis-like
symptoms, but using serological tests of a higher sensitivity and specificity, have
reported lower prevalence of 4.7% (Mutanda, 1998), 2.6% (Animut et al., 2009) and
6% (Garifita et al., 2017). As per the case definition, presumptive cases with a
positive serological test were considered as confirmed or positive brucellosis cases
and placed on a standard six-week treatment course of a combination of doxycycline
and rifampicin as per the WHO recommended treatment protocol (WHO, 2006).
Presumptive patients with a seronegative test probably had other infections that are
prevalent in the country such as malaria and typhoid that manifest clinical symptoms

similar to brucellosis (Maichomo et al., 1998; 2000).

Some authors recommend a diagnostic cut-off of 1:80 for rapid agglutination tests
(Sathyanarayan et al., 2011), while others consider a titre of 21:160 as diagnostic of
active brucellosis (Rodriguez et al., 1987; Young, 1991) especially in patients
presenting with symptoms suggestive of brucellosis (WHO, 2006). Taking the two
cut-off points into consideration, the estimate of seroprevalence in this study was
11.64% (=1:80) and the prevalence of active infections was 6.8% (=21:160), which are
comparable to results of studies from other African countries (Mutanda, 1998;
Gafirita et al., 2017). However, since patients tested in this study had brucellosis—like
symptoms, positive titres can be considered with confidence as confirming disease in

the tested individuals.

Although brucellosis cases were identified in all age groups, positive cases were

clustered in the 20-50 year age group, with the highest infection rate in the 30-40
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year age group, confirming findings by previous studies (Al-Tawfig and AbuKhamsin,
2009; Al-mashhadany, 2018; Lakew et al., 2019). The 20-50 year age group
comprises the most active and working part of the any country’s population, which is
likely to be exposed to infection through activities such as assisting with delivery,
milking, and slaughtering. This study also confirms previous reports by Lulu et al.
(1988) that brucellosis incidence is low in the young, perhaps due to less contact

with animals compared to adults (Alkahtani et al., 2020).

The majority of confirmed brucellosis cases were females as has also been reported
by de Glanville et al. (2017). The predominance of female cases may reflect the
roles played by females, which increase exposure to Brucella infection such as milk
processing, home cheese preparation and working in the meat industry. However,
this could also reflect the structure of the study sample and the Namibia population,
where females were in the majority (51.60%) (World Bank, 2019). Reports from
around the world indicate that the distribution of brucellosis cases is not gender-
specific (Al Dahouk et al., 2007; Lakew et al., 2019), but that behavioral practices are

the major determinant of exposure and disease burden (Bikas et al., 2003).

Brucellosis cases were recorded in all 14 administrative regions of the country. Most
positive cases (79.89%) were in the major sheep farming regions (Khomas, Hardap,
Karas) and a region (Kunene) where pastoralism is practised. Therefore, brucellosis
strategies should be focused on these regions to decrease national disease
incidence as sheep and goats are major sources of Brucella infection for humans
worldwide (Feng, 1992, Memish, 2001, Dogany and Aygen, 2003). Surprisingly,
fewer cases of the disease were reported in most regions where livestock rearing is
communal. Whether this observation is due to under-reporting because of limited
access to medical facilities (Kunda et al, 2007) or confusion with endemic diseases,
such as malaria (Animut et al., 2009), that are prevalent in these regions, is not
immediately clear and is a subject for future studies. However, reports from other
countries point to a high incidence of Brucella infection in communal pastoral

systems than other systems (Hamdy and Amin, 2002).
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It was encouraging that suspected cases of brucellosis decreased from 2012 to
2017, concurrent with a decrease in brucellosis cases in cattle and sheep in Namibia
(Madzingira and McCrindle, 2014; 2015; 2017) due to the enforcement of the
requirement for compulsory vaccination of heifers at 3-8 months of age with B.

abortus S19 vaccine in the country.

Based on a relatively high prevalence of human brucellosis recorded in this study, a
strategy with measures to prevent and control the disease in both humans and
animals is recommended. The measures, preferably involving a one health
approach, should include education and awareness campaigns to disseminate
knowledge on risk factors for the disease to the public, medical and occupationally
exposed professions such as butchers and farmers. Occupationally exposed
professionals should consider minimizing direct contact with animals or their fluids by
using effective protective gear such as gloves. Pasteurization or boiling of milk is a
well-documented measure for reducing the incidence of human brucellosis (Kiambi
et al., 2020). Control of animal brucellosis based on vaccination, movement controls,
testing and culling as stipulated in the Animal Health regulations (2018) is an

effective approach for controlling the disease in Namibia (Madzingira et al., 2020).

The study had its limitations. The rapid agglutination assay used in this study has
lower sensitivity (36.6%) and specificity (69.3%) than other tests (RBT, Coombs and
the Lateral Flow Assays) (Kiambi et al., 2020), which can lead to overestimation of
brucellosis prevalence, especially in endemic areas and in regions with low
prevalence (de Glanville et al. 2017; Kiambi et al., 2020). It is recommended that the
test be used in combination with another test of higher specificity such as the RBT,
SAT or Coombs test. The absence of a full clinical history for each patient precluded
the complete assessment of clinical symptoms, exposure, and risk factors.
Furthermore, the infecting Brucella species could not be identified using serological
tests (Ducrotoy et al., 2016). Therefore, the isolation of the infecting Brucella species

is recommended in future studies.
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4.6. Conclusions

The study determined a relatively high prevalence of anti-Brucella antibodies in the
tested patients, with cases reported in all regions of the country. Although age,
gender and geographical location were associated with disease prevalence, neither

was significant risk factors for Brucella seropositivity.
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5.1. Abstract

Cattle production is the major livestock production activity and the mainstay of
Namibia’s economy. Sustained beef exports are contingent on a sound sanitary
environment where diseases such as brucellosis are under control. In this
retrospective study, 49 718 bovine brucellosis testing results from 2004 to 2018 were
analysed to determine the proportion of seropositive cattle and herds, and the spatial
distribution of positive reactors from commercial and communal areas. In total, 244
positive reactors were identified based on the Rose Bengal Test (RBT) and the
Complement Fixation Test (CFT) in series, giving an overall proportion of infected
animals of 0.49% (244/49718, 95% CI: 0.43-0.56%) and an overall proportion of
infected herds of 9.26% (78/842, 95% CI: 7.49-11.41%). There was a higher
proportion of seropositive communal herds (33.09%) and cattle (10.27%) than
commercial herds (4.67%) and cattle (0.24%) (p < 0.05). Annually, the proportion of
positive reactors was 0-1.37% in the commercial area and 0-52.38% in the
communal areas, with a clear decline in positive reactors in the communal areas.
Within the commercial sector, the proportion of positive reactor dairy, beef and
export cattle was 0.19% (51/27067, 95% CI: 0.14-0.25%), 0.30% (48/16098, 95% CI:
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0.22-0.40%) and 0.33% (16/4811, 95% CI: 0.20-0.54%) respectively. Abortions were
found to be the major reason for Brucella testing in the communal areas. About
12.65% (96/759) of abortion-linked sera tested positive, but none were positive in
beef or dairy cattle. Widespread vaccination of cattle and robust planned surveillance
is recommended to reduce the incidence of the disease and its associated

production losses and public health risk.

5.2. Introduction

Livestock production is a mainstay of the Namibian economy. Beef exports
contribute approximately N$2.2 billion (US$157 million) annually, representing
around 7 percent of Namibia’'s total annual export earnings (Mushendami et al.,
2008). For sustained beef exports to niche markets, maintenance of a sound sanitary
environment in which the major infectious and zoonotic diseases including, but not

limited to bovine brucellosis are controlled is a prerequisite.

Bovine brucellosis is a highly infectious zoonotic disease of major public health and
economic importance that affects humans and domestic animals in parts of the world
(Alton, 1991). It is commonly caused by Brucella abortus or infrequently by Brucella
melitensis or B. suis and is a disease of major concern in Sub-Saharan Africa
(Corbel, 1997; McDermott and Arimi, 2002; OIE, 2018). Cattle to cattle transmission
may occur through contact with infected material such as aborted fetuses, fetal
membranes and vaginal secretions. Humans are accidental hosts with infection
commonly acquired through the consumption of unpasteurized milk and dairy
products such as soft cheeses. Veterinarians, farmers, butchers and laboratory
personnel are always at greater risk of the disease due to regular contact with
animals, their products (EC, 2001; Godfroid, 2002; WHO, 2005) and secretions.

Brucellosis is often overlooked and therefore underreported by public health and
veterinary authorities in developing countries. As a result, it is considered a
neglected zoonotic disease of poverty (Young, 1995; Hotez and Gurwith, 2011), as
well as a re-emerging disease (Godfroid, 2002; Pappas, 2010). It contributes
significantly to disease burden in livestock rearing areas of Africa (Fevre et al.,

2017). Large and mobile cattle herds that frequently intermingle with different herds
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especially in communal pastoral systems, are at greater risk of the brucellosis (EC,
2001; McDermott and Arimi 2002; WHO, 2006). Other factors such as the type of
production system (Cadmus et al., 2008), calving times (WHO, 2006), herd size and
breed (Muma et al., 2007; Ndazigaruye et al., 2018) have also been associated with

increased sero-positivity in cattle.

Diagnosis of brucellosis is primarily based on serological tests as they are cheap and
readily available. According to McDermott et al. (2013), serological prevalence of
bovine brucellosis in Africa ranges from 0-68%. In Namibia, the first official report of
brucellosis was in 1953 in Karakul sheep (Godfroid et al.,, 2019). Thereafter,
brucellosis has been reported in cattle, sheep and goats based on the clinical picture
and scattered serological surveys (Magwedere et al.,, 2011; Madzingira and
McCrindle, 2014; 2015; 2016; Madzingira and Sezuni, 2017). However, most of
these reports were focused only on the commercial production system. In this
system, cattle are raised on fenced farms and measures for the prevention of
brucellosis such as biosecurity and vaccination are implemented. In the communal
farming system, available grazing land is shared by a number of different cattle

herds in the area.

To the best of our knowledge, no planned efforts to determine and compare the
proportion of infected animals in different farming systems have been carried out in
the country. Therefore, the aim of this study was to collate 15-year bovine brucellosis
testing data and analyze it to determine the proportions of seropositive cattle and
cattle herds in the communal farming system, commercial dairy and beef cattle
farming systems, as well as to find out the spatial distributions of positive reactors.
This information is necessary for a better understanding of the epidemiology of the
disease in Namibia and to provide a sound basis for implementing targeted and

effective prevention and control measures.
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5.3. Materials and Methods

5.3.1. Study area

Namibia is located at -22°58'1.42"S and 18°29'34.80"E in the South-Western part of
Africa. It covers a total land area of 824 292 kmz (Info-Namibia, 2019) and is divided
into 14 administrative regions. About 2.7 million herd of cattle are reared in both
commercial and communal areas of Namibia. Daytime temperatures vary from
around 20°C at the coast to 50°C in the desert. Namibia has two main seasons,
summer or the rainy season (October to March) and winter or dry season (April to
September). The Zambezi region receives the highest annual rainfall of about 700
mm, while the lowest annual rainfall is recorded in desert areas in the western

coastal areas and the southern regions.

5.3.2. Study design

Secondary data, comprising of bovine brucellosis testing results of cattle in Namibia
(January 2004 to December 2018 inclusive) was used in the study. The data was
from the mandatory annual testing of dairy cattle; the testing of beef cattle suspected
of the disease or destined for sales (export or local); communal area cattle
suspected to have the infection and imported animals. The data was stratified into
commercial (beef, dairy, exports and imports) and communal areas for analysis. In
all cases, requests for testing for bovine brucellosis were initiated by or sent under
the supervision of state veterinarians. Serological testing was carried out at the state
laboratory, the Central Veterinary Laboratory (Windhoek) and the data was kept at
the Epidemiology and Surveillance Section (Directorate of Veterinary Services,
Ministry of Agriculture, Water and Land Reform).

5.3.3. Data collection

With the permission of the Chief Veterinary Officer, Brucella serological testing
results from January 2004 to December 2018 inclusive were retrieved. The data
comprised of results of suspected clinical cases that were tested for confirmation and
results of dairy, beef, exported and imported cattle that were tested as part of routine
surveillance for brucellosis in the commercial and communal farming areas of the
country. The data set included the date of sampling, farm name, farm number, farm

coordinates, owner, magisterial district, species, reason for testing, number of cattle
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tested and the number of positive reactors. Age and sex were inconsistently
recorded and were thus not taken into consideration during data analyses.
Proportions of positive reactor cattle and cattle herds were determined per farming
sector and year. The spatial distribution of positive cases was determined.

5.3.4. Testing of sera

The data used in this study was from bovine sera that were tested for antibodies to
smooth Brucella species (B. abortus, B. melitensis and B. suis) at the Central
Veterinary Laboratory in Windhoek using the Rose Bengal Test (RBT) as a
screening test and the Complement Fixation Test (CFT) as a confirmatory test. The
RBT and CFT tests were performed following the procedures and guidelines
described by the OIE (2004). Any visible agglutination or clumps were considered as
an indicator of a positive RBT test (OIE, 2004). All sera positive on RBT were
subjected to confirmation using the CFT. For the CFT, titres of 1.8 and above were
considered as positive based on the presence or absence of haemolysis. The RBT
has been reported to have a specificity of 71-80% and a sensitivity of 78-100%
(Diaz-Aparicio et al., 1994; Bercovich, 1998), while a specificity and a sensitivity of
98% and 81% respectively has been ascribed to the CFT (Bercovich, 1998).

5.3.5. Data analyses

Brucellosis testing results were stored in Microsoft Excel® spreadsheet version 2007
(Microsoft Corporation, Redmond, WA). Descriptive statistics (proportions) were
determined for positive reactors both in the commercial and communal areas. The
95% confidence intervals (Cl) for proportions were calculated taking into account
CFT test sensitivity and specificity of 81% and 98% respectively, according to the
method described by Reiczigel et al. (2010). Further statistical analyses were carried
out using the Statistical Package for Social Sciences (SPSS) version 25. Proportions
of serological reactors were compared across farming sector, year, and
administrative regions. The z-score test was used to test for the significance of
differences between two proportions. In all cases, p < 0.05 was considered

significant.
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5.3.6. Ethical approval

The study was approved by the Chief Veterinary Officer, Ministry of Agriculture,
Water and Land Reform (Namibia) (Appendix 11), and the Research Ethics
Committee (REC056-20) (Appendix 6) of the University of Pretoria.

5.4. Results

From 2004 to 2018, a total of 49 718 cattle sera, from the commercial (beef, dairy,
export and imported animals, n = 48462) and communal farming sectors (n = 1256)
were submitted to the Central Veterinary Laboratory tested for Brucella serology
from 842 cattle herds (706 commercial and 136 communal cattle herds) (Table 5.1).
The overall proportion of positive cattle and cattle herds over the 15-year was
estimated at 0.49% (244/49718) and 9.26% (78/842) respectively. The percentage of
reactor cattle (12.68%, 146/1151) and cattle herds (27.54%, 46/167) was higher in
the communal areas than in the commercial areas (0.19%, 69/36192 and 4.30%,
26/605) (p < 0.05). A comparison of the different animal production sectors (Table
5.1) revealed that a higher proportion of positive herds (33.09%) and seropositive
cattle (10.27%) were in the communal areas than in the commercial cattle farming
sectors (p <0.05). No differences in the overall proportions of infected cattle in the

dairy, beef and export sectors were observed (p < 0.05).

Table 5.1: Proportions of Brucella positive cattle and herds in the commercial (beef,

dairy, export) and communal farming sectors of Namibia, 2004-2018.

Farming sector Number Number of % positive farm/ Number Number % positive sera
of farms/ farms/ herds of sera of sera (95% ClI)
herds herds tested positive
tested positive
Commercial
Beef 514 11 2.14 (1.20-3.79) 16098 48 0.30(0.22-0.40)
Dairy 133 17 12.78 (8.14-19.52) 27067 51 0.19 (0.14-0.25)
Export 51 5 9.80 (4.26-20.98) 4811 16 0.33 (0.20-0.54)
Imports 8 0 0 (0) 486 0 0 (0)
Total 706 33 4.67 (3.35-6.49) 48462 115 0.24 (0.20-0.28)
Communal area 136 45 33.09 (25.74-41.37) 1256 129 10.27 (8.71- 2.07)
Overall 842 78 9.26 (7.49-11.41). 49718 244 0.49 (0.43-0.56)
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An average of 47.07 (23-80) and 9.07 (1-17) cattle herds were tested annually in the
commercial and communal farming sectors respectively giving a proportion of
positive cattle herds of 0-12.77% in the commercial areas and 0-52.38% in the
communal areas. Approximately 1 in every 21 farms (33/706) tested in the
commercial areas, and 1 in every 3 farms (45/136) tested in the communal areas
was positive for brucellosis. The mean number of cattle sera tested per year in the
commercial and communal areas was 3230.80 (1149-8962) and 83.73 (1-266)
respectively (Table 5.2). The annual percentage of positive reactors showed a

decreasing trend and varied from 0-1.37% and 0-52.38% in the commercial and

communal areas respectively.

Table 5.2: Number of sera tested and proportions of sera positive per year of study.

Year Sera tested: Number positive Sera tested: Number positive (%
commercial (% positive) communal areas positive)
areas

2004 3456 19 (0.55) 56 17 (30.36)

2005 2745 2 (0.07) 42 0 (0)

2006 3374 13 (0.39) 21 11 (52.38)

2007 2128 0 (0) 4 0 (0)

2008 1865 7 (0.38) 60 8 (13.33)

2009 1384 19 (1.37) 266 3(1.13)

2010 3213 0 (0) 79 7 (8.86)

2011 3055 0 (0) 85 2 (2.35)

2012 2520 16 (0.63) 106 18 (16.98)

2013 2847 2 (0.07) 204 40 (19.61)

2014 3123 1 ((0.03) 131 17 (12.98)

2015 1149 6 (0.52) 152 0 (0)

2016 8962 1(0.01) 14 0 (0)

2017 4176 14 (0.34) 2 0 (0)

2018 4465 15 (0.34) 1 0 (0)

Overall, it was 10.08 (95% CI: 6.12 -16.62) times more likely for farms from the
communal areas to test positive for brucellosis than those from the commercial areas

(Table 5.3). The overall odds of an animal in the communal areas testing positive for



Brucella antibodies were 48.12 (95% CI: 37.17- 62.30) times compared to an animal

in the commercial areas.

Table 5.3: Overall odds of brucellosis on farms during the study period.

Number of Odds Ratio

farms Number of (Communal vs
Sector tested farms positive Commercial) 95% CI
Communal 136 45 10.08 6.12-16.62
Commercial 706 33

The number and proportions of seropositive cases detected by the RBT and CFT per
sector are depicted in Table 5.4. Overall, 62.89% (244/388) of the CFT results
agreed with the RBT. Therefore, the RBT was associated with 37.11% (144/388)

false positive results. The CFT titre for positive reactors ranged from 1:8 to 1:256.

Table 5.4: Positive reactors detected by the RBT and CFT per sector.

Sector Number positive on RBT Number positive on CFT (% of RBT)
Commercial area 232 115 (49.57)
Communal area 156 129 (82.69)
Total 388 244 (62.89)

Sampling and serological testing for Brucella antibodies in the communal areas was
primarily initiated by reports of cow abortions. As indicated in Table 5.5, 77.20%
(105/136) of the farms and 60.43% (759/1256) of the sera were tested for Brucella
antibodies following reports of abortions. No reports of abortions were recorded in
dairy cows over the study period, while in beef cattle, all sera (n = 252) that were
associated with abortions were seronegative. Of all the positive cases identified in
the communal areas (n = 129), 74.42% (n = 96) were linked to abortions. Cattle that
were reported to have hygromas or orchitis tested negative for Brucella antibodies.
In addition, brucellosis was also suspected and tested for based on the observation
of retained placentas and neonatal mortality in the beef, dairy, and communal

farming sectors.
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Table 5.5: Number and proportion of abortion cases reported in the three farming
sectors from 2004-2018. All abortion linked sera from beef cattle were negative for
brucellosis, while 12.65% of abortion-linked sera from communal cattle tested

positive for brucellosis.

Cattle farming Number of farms  Number of Number of sera Number of sera

sector tested due to positive farms tested due to positive (%)
abortions (%) abortions

Beef cattle 42 0 252 0

Dairy cattle 0 0 0 0

Communal cattle 105 35 (33.33) 759 96 (12.65)

Total 147 35 (23.80%) 1011 96 (9.50%)

The spatial distribution of positive reactors per region is shown in Figure 5.1.
Brucella positive reactors were clustered in the communal areas (Zambezi, Kavango,
and the North Central Regions (NCR)), with focal areas of infection in commercial
farming regions (Otjozondjupa, Khomas and Hardap regions). Positive dairy farms
were confined to four out of the 14 administrative regions of the country, namely,
Karas (n = 1), Hardap (n = 4), Khomas (n = 5) and Otjozondjupa (n = 3).
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Figure 5.1: Map of Namibia showing the distribution of seropositive cattle. Cases
were clustered in the northern (Omusati, Oshana, Ohangwena and Oshikoto) and
north-eastern (Zambezi) regions of the country in which cattle production is under a

communal system.

5.5. Discussion

Brucellosis is a notifiable disease in Namibia. Measures for the prevention and
control of the disease are prescribed in the Animal Health Regulations (2018) to
prevent negative impacts on animal and public health and international markets for
beef. Continuous clinical or serological surveillance for the disease is one of the

strategies utilized for early detection and control of the disease in the country.

In this 15-year retrospective study, the overall proportion of individual reactor cattle
and cattle herds was 0.49% and 9.26% respectively. Previous studies have reported

that individual animal and herd prevalence of less than 10% and 35% respectively,
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as determined in our study, indicates a low prevalence of brucellosis in cattle (WHO,
1965). The proportion of positive reactor cattle (0.49%) determined by this study is
like a prevalence of 0.5% (DVS, 1987) and within the range of 0-1.94% (Magwedere
et al.,, 2011) reported by earlier studies in Namibia. Although over 97.47% of the
cattle and 83.85% of the herds sampled in the study originated from the commercial
areas, there was a higher proportion of reactor cattle and herds in the communal
than commercial areas. The much higher proportion of Brucella positive cattle
observed in the communal areas is a cause for concern and needs to be examined
more closely. Reasons for the high proportion may be due to a surveillance system
that specifically targeted suspected clinical cases and the absence of robust testing
of herds; a cattle management system that favours the mingling of different herds
and the transmission of brucellosis within and between herds; and a lack of
awareness of the disease among farmers. Results of this study confirm that
brucellosis is endemic in the country as reported by previous studies (Madzingira et
al., 2014; 2015; 2016), at a low level (0.19-0.30%) in the commercial areas and point
to a higher prevalence of the disease in the communal areas of Namibia where most
cattle (64%) are found (WAHIS, 2018). The low proportion of positive reactors (0.19-
0.30%) determined in the commercial sectors (beef, dairy, export) could be an
endorsement of the effectiveness of measures applied against brucellosis in these
areas. These measures as prescribed by the Animal Health Regulations (2018) of
Namibia include the compulsory vaccination of all heifers of 3-8 months of age;
annual testing of milk producing animals; quarantine measures and the testing,
identification, and disposal of reactor animals. However, future studies based on
planned sampling are required to check whether the positive reactors from the
commercial sector were false positive reactors from persistent Brucella abortus S19
vaccine induced antibodies which may last for up to 4.5 years and interfere with
serological reactions (Dorneles et al., 2015; Simpson et al., 2018) or cross reactions
with antibodies produced by other organisms with smooth lipopolysaccharides such
as Yersinia enterocolitica and Salmonella (Radostits et al., 2000).

The proportion of positive dairy (0.19%) and beef cattle (beef = 0.30%, export =
0.33%) was low and comparable to previous observations of 0-1.94% in commercial

beef cattle in Namibia (Magwedere et al., 2011) and 0.3% reported in dairy cattle in
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South Africa (Godfroid et al., 2019). However, it was lower than the proportion of
reactors (0.70-5.5%) reported by several studies on large scale commercial dairy
farms in Africa (Madzima, 1987; Tesfaye et al., 2011; Tschopp et al., 2013; Asmare
et al.,, 2013; Sacchia et al., 2013; Abdullah et al., 2014; Asgedom et al., 2016;
Geresu and Kassa, 2016). Thus, our results when compared with elsewhere in
Africa, provide support to the effectiveness of brucellosis control measures on
commercial beef and dairy farms in the country. Whereas routine testing for
brucellosis in beef cattle is voluntary, annual testing of dairy cattle and the slaughter

of positive reactors is compulsory and is enforced by the state.

A low level of reactors (0.33%) in beef cattle (steers and heifers) intended for export
was determined. Due to the compulsory requirement for the vaccination of heifers of
3-8 months of age using Brucella abortus strain 19 (S19) in Namibia, the contribution
of vaccine induced and maternal antibodies to the observed proportion of positive
reactors cannot be excluded. Further, it is speculated that most of heifers and steers
that were tested, may not have had exposure to the pathogen or had not
seroconverted as frequently occurs in persistently infected animals (La Praik et al.,
1975; Wilesmith, 1978; Dolan, 1980; Nicoletti, 1980; La Praik and Moffat, 1982;
Catlin and Sheehan, 1986; FAO/WHO, 1986; Walker, 1999). Positive reactors were
excluded from export and measures were taken against the herd as prescribed in the
Animal Health Regulations (2018). Among the imported cattle, no positive reactors
were recorded. Therefore, the risk of introducing Brucella into the country was

considered as minimal during the study period.

Our study confirms that the level of brucellosis infection in the communal areas
(10.27%) was higher than in the commercial areas (0.24%) (p < 0.05). An overall
finding that communal cattle and cattle farms are 48 and 10 times more likely to be
positive for brucellosis respectively, should be enough to motivate for more focused
control measures for brucellosis in these high-risk locations to prevent public health
effects and production losses due to infertility, abortions, and neonatal mortalities.
Similar high proportions of positive reactors (15.6%) have been reported in the
communal areas of Kwa-Zulu Natal province in South Africa (Hesterberg et al., 2008)

and from surveys in traditionally managed systems (16%) in sub-Saharan Africa
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(McDermott and Arimi, 2002; Mangen et al.,, 2002; Mohan et al., 1996; Madsen,
1989; Muma et al., 2013). Free movement and intermingling of differently owned
herds occur regularly in the communal grazing areas and at watering points
especially during the dry season, facilitating the transmission of this contagious
disease, hence the tendency to have more positive reactors (Madzima, 1987; Musa
et al., 1990; Muma et al., 2007; Mekonnen et al., 2010; Makita et al., 2011; Mai et al.,
2012). Furthermore, because bulls are shared among communal herds, venereal
transmission of Brucella infection is possible (Bercovich, 1998). Commercial farms

are fenced and as a result, the mixing of different herds is precluded.

It is an established fact that vaccination against Brucella infection is compulsory in
the country, but vaccination of cattle is low or absent in the communal areas due to
the lack of awareness, vaccine costs and lack of enforcement; hence the naivety of
communal cattle and associated increased risk of production losses (abortions and
infertility). It is therefore unlikely that the level of seropositivity observed in the
communal areas was confounded by vaccine-induced antibodies. The relatively high
level of Brucella infection in cattle herds in the communal areas, coupled with limited
veterinary services, often results in farmers assisting cows at calving, thus exposing
themselves to possible infection. A call for robust surveillance and vaccination
campaigns in the communal areas is put forward to decrease the incidence of

positive reactors.

A decline in the trend of positive reactors per year that was apparent in the
communal areas from 2013 to 2018 is encouraging, as it may reflect improved
disease control arising from improvements in the accessibility of veterinary services
due to an aggressive deployment of veterinary personnel that occurred in the past
few years. This increased veterinary deployment may also have resulted in
increased farmer awareness of the disease. In the commercial areas, the annual
proportion of reactor cattle remained relatively constant at <0.63% except in 2009

(2.37%), indicating a low level of Brucella infection.

In this study, serological testing was based on the RBT and CFT in series, with the

former as a screening test and the later as a confirmatory test. The RBT was used
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as a screening test because of its relatively high sensitivity (78-100%) (Bercovich,
1998; Diaz-Aparicio et al., 1994), while the CFT was preferred as a confirmatory test
because it is a highly specific test (98%) (Bercovich, 1998). The use of both tests is
also recommended by the OIE for international trade purposes (OIE, 2004). The
RBT was had more false positives in the commercial areas (50.43%) than in the
communal areas (17.31%). More than likely, the false positives that were identified
by the CFT arose from the widespread use of B. abortus S19 vaccine in heifers
especially those above eight months of age (Ndazigaruye et al., 2018) or to
antibodies elicited by other organisms with antigenic epitopes that are similar to
Brucella such as Escherichia, Yersinia and Vibrio (Mainar-Jaime et al., 2005).
Culture and isolation, the gold standard for Brucella diagnosis, is not yet
implemented in Namibia, but conventional Brucella PCR, an extremely sensitive

assay, has recently been adopted.

A link between history of abortions and seropositivity has been established
elsewhere (Matope et al., 2011; Alhaji et al., 2016; Tasiame et al., 2016). In this
study, there was no apparent link between the 252 abortion-linked sera from
commercial farming and seropositivity, as has been documented by a previous study
in dairy cattle in Rwanda (Ndazigaruye et al., 2018). Therefore, other causes of
abortions such as Chlamydophila abortus, Campylobacter fetus and Neospora
caninum, need to be investigated in these cattle herds. However, a proportion of the
abortion-linked sample (12.65%) tested positive, confirming a link between abortions
and seropositivity as has been reported by other studies (McDermott and Arimi,
2002; Schelling et al.,, 2003; Ibrahim et al., 2010; Boukary et al., 2013). This
proportion was within the range of 0.17-16.2% reported for Africa (Ntirandekura et
al., 2018), but greater than the 8.3% reported in Zimbabwe under similar farm
settings (Gomo et al., 2012). Other clinical signs consistent with brucellosis such as
orchitis, stillbirths, retained placentas and hygromas were also recorded as reasons

for testing cattle for brucellosis in both production sectors.

Location-wise, Brucella antibodies were detected on farms in 12 out of the 14
administrative regions of country, confirming the widespread spatial distribution of

low-level brucellosis in Namibia, although the burden weighed heavily against the
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communal farm settings. Perhaps, the differing cattle management systems per
region and agro-ecological conditions influenced the observed levels of brucellosis
detection (Madzima, 1987) as evidenced by the absence of positive reactor herds in

the dry, hot regions of Erongo and Kunene.

5.6. Conclusion and recommendations

In this study, recommended serological tests (RBT and CFT) were used to evaluate
the sero-epidemiology of brucellosis in Namibia using a robust sample size from
passive and active surveillance of brucellosis (clinical cases, export, and dairy
testing) over a 15-year period. The study revealed that bovine brucellosis is endemic
in Namibia at a low proportion primarily in communal cattle herds. Due to the low
level of positive reactors, the risk of importing or exporting brucellosis through cattle
was inferred to be minimal. Cases of abortions from the communal areas were more
likely to test positive for brucellosis than those from commercial areas. Despite the
low proportion of infected bovines, the disease remains a public health risk and a
potential cause of production losses in cattle especially in the communal areas
where vaccination is limited. Since vaccination has been shown to be effective in
reducing the level of infection, its widespread application is encouraged in the
communal areas, and this should be backed up by planned routine serological
surveillance in the country, especially in the communal areas. Interpretation of the
findings of this study should be made with caution because it includes data from

passive surveillance which may not be representative of the true picture.
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6.1. Abstract

Brucellosis is a worldwide zoonosis of significant public and veterinary health
importance that is endemic in Namibia. Data on the prevalence of the disease and
Brucella spp. infecting cattle is essential for the implementation of appropriate
preventive and control measures. Therefore, the aim of this study was to estimate
seroprevalence of brucellosis; to identify Brucella species in cattle tissues at a major
beef abattoir in Namibia using the genus specific 16-23S rRNA interspacer (ITS)
PCR and to characterize Brucella species from cultures using the species-specific
AMOS-PCR. Between December 2018 and May 2019, a serosurvey was conducted
in cattle (n = 304) at the abattoir using the Rose Bengal test (RBT) as a screening
assay and the complement fixation test (CFT) as a confirmatory test. Concurrently,
an identical number of pooled lymph nodes and spleen were collected from the same
animals. However, only 200 sets of tissues (lymph nodes and spleen) from randomly
selected seronegative cattle were subjected to conventional ITS-PCR. Seven pairs
of tissues (pooled lymph nodes and spleen) from seropositive cattle (n = 7) were also
subjected to conventional ITS-PCR. Homogenates of these tissues were cultured
and isolates characterized using AMOS-PCR. Prevalence of antibodies against
Brucella in slaughtered cattle was 2.3% (7/304) based on the RBT and 1.6% (5/304)

after confirmation with the CFT. Herd prevalence was estimated at 9.6% (5/52).
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Brucella spp. DNA was identified in tissues [(lymph nodes (85.7%, 6/7) and spleen
(85.7%, 6/7)] from four RBT and CFT seropositive cattle and two RBT positive cattle
but was not detected in tissues from one RBT and CFT positive animal. Cultures of
lymph nodes (51.4%, 4/7) and spleen (85.7%, 6/7) from seropositive cattle (RBT or
CFT) yielded Brucella growth and were identified as Brucella abortus using AMOS-
PCR. Brucella spp. DNA was not detected in spleen or lymph nodes from selected
seronegative cattle (n = 200). Although abattoir prevalence was low, the detection of
seropositive cattle and B. abortus indicates a risk for Brucella infection in abattoir
workers and potential production losses on the farms of origin. Therefore, control of
brucellosis on farms and the promotion of brucellosis awareness, use of adequate
protective gear and safe meat handling practices at the abattoir are recommended to

prevent infection among abattoir workers.

6.2. Introduction
Brucellosis is a zoonosis caused by Brucella bacteria, a genus comprising of highly

homologous species (> 90% DNA homology) (Halling et al., 2005). Brucella abortus,
B. melitensis and B. suis cause the greatest impact on animal production (OIE,
2018). Brucella abortus is the most common cause of bovine brucellosis around the
world, with huge financial losses reported in several countries (Moreno, 2002;
Godfroid et al., 2004). In southern Africa, B. abortus biovar 1 is the predominant
isolate in cattle (Bishop et al., 1994; Mohan et al., 1996; Kolo et al., 2019). In rare
cases, B. melitensis (Verger, 1985; Jimenez De Bagues et al., 1991; Corbel, 1997;
Godfroid et al., 2013a; Kolo et al., 2019) and B. suis biovars (Alton et al., 1988;

Corbel, 1997; Ledwaba et al., 2019) have been isolated from cattle.

Epidemiological reports from around the world showed that brucellosis is a neglected
(Pappas, 2010) and thus a re-emerging disease among animal and human
populations (WHO, 2011), with an estimated 5 000 000 to 12 500 000 human cases
reported annually (WHO, 1997; Godfroid et al., 2013b; Berger, 2016). Brucellosis
remains endemic in many developing countries (McDermott and Arimi, 2002), with
estimates of prevalence in bovines in Africa ranging from 0-68% (McDermott et al.,
2013).
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In cattle, Brucella infection is transmitted through the ingestion of, contact with or
inhalation of contaminated material especially aborted fetuses, vaginal discharges,
fetal membranes, milk, feed, or water (Garin-Bastuji et al., 1998; Mangen et al.,
2002). It manifests primarily with reproductive problems including late term abortions,
retained placenta, stillborn or weak calves, epididymitis, orchitis and infertility
(Spickler, 2018). In humans, Brucella infection is a food safety and occupational
health challenge, with unpasteurized milk and dairy products and contact with
infected animal tissues posing the greatest risk for infection (Godfroid et al., 2005;
Carvalho Neta et al., 2010). Abattoir workers, cattle herders, veterinarians, dairy
workers, livestock farmers, laboratory workers, tanners and hunters are at a greater
risk of occupational exposure to Brucella infection (EC, 2001; Godfroid, 2002) due to
regular contact with animals and animal products. Human brucellosis causes a
severe debilitating febrile illness that often results in the loss of productive working
hours. The disease manifests non-specific clinical symptoms such as an undulating
fever, anorexia, headache, myalgia, back pain, weight loss, chronic fatigue, or
polyarthritis (Godfroid, 2002; Carvalho Neta et al., 2010).

Incidence and distribution of human brucellosis typically corresponds with that in the
animal population (WHO, 2006). Therefore, the disease situation in cattle can give
an indication of prevalence in humans. In 2018, 122 679 cattle were slaughtered at
cattle abattoirs in Namibia, which represents about a third of cattle marketed in the
country (Meat Board, 2019). Therefore, in addition to herd screening on farms,
surveillance at abattoirs can be an invaluable complementary tool for detecting and
acting against Brucella infected cattle herds and can also be used to assess the risk
of occupational exposure in abattoir workers. Control of bovine brucellosis in
Namibia is based on measures that are prescribed in the Animal Health regulations
(2018). These measures include compulsory vaccination of heifers of 3-8 months
with Brucella abortus S19 and those older than 8 months of age with RB51,
importation of brucellosis-free cattle, identification of positive cases and herds,

guarantine procedures and culling of seropositive cases.

Seroprevalence studies have shown that bovine brucellosis is endemic in Namibia

with an estimated animal prevalence of 0.49% (Madzingira et al., 2020). Despite the
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low brucellosis prevalence, the handling of carcasses, organs and fluids of cattle can
expose abattoir workers to Brucella infection (Mukhtar, 2010; Swai and Schoonman,
2009; Mirambo et al., 2018), especially as cattle of unknown brucellosis status are
slaughtered and abattoir workers often carry injuries on their hands (Banjo et al.,
2013). Previous studies in livestock in Namibia (Magwedere et al., 2011; Madzingira
and McCrindle, 2014, 2015, 2016; Madzingira and Sezuni, 2017) have been based
on serological assays (Rose Bengal and complement fixation tests in series) only.
Serology has limited the detection of Brucella spp. in cattle in Namibia to genus
level. Thus, the species causing infection have not been identified, but presumed to
be B. abortus. Therefore, the aim of this study was to determine the serological
prevalence of bovine brucellosis at a high throughput abattoir and to isolate and
identify Brucella spp. from tissues and cultures. This information is necessary to
improve understanding of the epidemiology of the disease in Namibia and for

recommending measures for successful prevention and control of the disease.

6.3. Materials and methods

6.3.1. Study area

Namibia is situated in the South-Western part of Africa at -22°58'1.42"S and
18°29'34.80"E and divided into 14 administrative regions as shown in Figure 6.1.
The veterinary cordon fence (VCF) divides the country into the northern communal
areas (NCA) and the southern areas that are made up of predominantly commercial
livestock farms. The NCA is divided into the FMD protection and infected zones,
while areas south of the VCF comprise of the World Organisation for Animal Health
(OIE) recognized Foot-and-Mouth disease (FMD)-free areas without vaccination
(Figure 6.1). The cattle population in the country is estimated at 2.7 million. Cattle
that were slaughtered at the study abattoir originated from farms and a feedlot south
of the VCF.
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Figure 6.1: Map of Namibia showing the 14 administrative regions and the foot and

mouth disease (FMD) zones. The study abattoir was in the Khomas region.

6.3.2. Study abattoir

The abattoir slaughtered cattle of different breeds originating from both commercial
and communal farming systems, as well as from auctions and feedlots. With a daily
slaughter capacity of 500 cattle, the abattoir slaughtered about half of the annual
number of cattle slaughtered at abattoirs in the country (Meat Board, 2019). Ante-
mortem and post-mortem inspections, and hygiene procedures were carried out
under the supervision of an official veterinarian supported by a team of meat

inspectors.
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6.3.3. Study design

A cross-sectional study design, using systematic random sampling to select
slaughtered cattle for sampling, was used to estimate the prevalence of bovine
brucellosis at the abattoir from December 2018 to May 2019. Over the study period,
sampling was carried out once a week on a different day of the week. Sampled
animals were identified using individual electronic ear tag numbers. Cattle of all ages
brought for slaughter at the abattoir were eligible for the study. Age, sex, farm of
origin and movement history of each sampled animal were retrieved from slaughter
records and from the Namibia Livestock lIdentification and Traceability System

(NamLITS) database through the state veterinarian supervising the establishment.

6.3.4. Sample size

To estimate seroprevalence, a sample size of 304 cattle was determined using the
formula n = 4PQ/L? (Martin et al., 1987), assuming a 5% brucellosis prevalence in
the cattle population, a precision of 0.025 (2.5%) and based on a 95% level of
confidence.

6.3.5. Sample collection

6.3.5.1. Blood sampling

Blood samples (n = 304) were collected aseptically at the abattoir from severed
jugular veins of selected cattle of both sexes. The slaughter procedure was
performed following OIE guidelines on animal welfare. For each animal selected for
sampling, 5 ml of blood was collected in a sterile plain vacutainer blood tube for
serum recovery. The collected samples were identified, securely packed and
transported to the Central Veterinary Laboratory (Windhoek), where serum was
recovered from clotted blood by centrifugation at 3000 rpm for 5 minutes. Sera were

frozen at -20 °C until testing.

6.3.5.2. Tissue sampling
Pieces of lymph nodes [retropharyngeal, parotid, mandibular, superficial inguinal (in
males) and supra-mammary (in females)] and spleen were taken aseptically from the

same cattle from which blood was collected and placed in sterile dilution bags.
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Lymph node samples from one animal were pooled, while spleen samples were

stored separately. Samples were stored at -20 °C.

6.3.6. Testing of sera

Sera were screened for anti-Brucella antibodies using the Rose Bengal test (RBT).
Samples testing positive on RBT were subjected to the complement fixation test
(CFT) for confirmation. The RBT and CFT were performed as described by the OIE
(2018) using standardized antigens (B. abortus Weybridge strain 99) for the
detection of smooth anti-Brucella antibodies. On the RBT, any visible agglutination or
clumps were considered as indicative of a positive result (OIE, 2018). CFT results
were read after the plates were left to stand for one hour to allow unlysed cells to
settle. Titres of 1:8 and above were considered as positive based on the absence of
haemolysis. In all cases, positive and negative controls were run with each batch of
tests for the purposes of test validation. The RBT has a specificity of 71-80% and a
sensitivity of 78-100% (Bercovich, 1998; Diaz-Aparicio et al., 1994), while the CFT
has a specificity and a sensitivity of 98% and 81% respectively (Bercovich, 1998).

6.3.7. Isolation and identification of Brucella spp.

Bacteriological isolation was performed at the Faculty of Veterinary Science
(University of Pretoria, South Africa) in a biosafety level 2+ laboratory on tissues
(spleen and lymph nodes, n = 14) obtained from seropositive cattle (n = 7).
Homogenates (200 pl) were prepared from each tissue (spleen and lymph nodes)
and inoculated onto Farrell's (OIE, 2018) and CITA (Ledwaba et al., 2020) media.
The culture plates were incubated at 37°C in the presence of 5% carbon dioxide and
observed daily for 14 days for any growth of Brucella-like colonies (pinpoint, smooth,
translucent, shiny, convex). Typical colonies were presumptively identified by
microscopic examination for morphology, size, and staining properties after modified
Ziehl-Neelsen staining (OIE, 2018).

6.3.8. Molecular identification of Brucella spp. in cattle tissues
Spleen and lymph nodes (n = 207 each) from 207 cattle that comprised five cattle
that tested positive on both RBT and CFT; two cattle that were seropositive on RBT

only, and 200 randomly selected seronegative cattle (on both RBT and CFT), were
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subjected to the Brucella genus specific 16S-23S rRNA interspacer region (ITS)
conventional PCR. Genomic DNA extraction and purification from tissues was
performed following the protocol described in the PureLink® Genomic DNA kit (Life
Technologies™). The concentration of extracted DNA was quantified using a
NanoDrop 2000c spectrophotometer (Thermo Scientific, USA). Genus-specific 16S-
23S rRNA interspacer region (ITS) primers were used in a conventional PCR to
amplify a 214 bp fragment using the primers ITS66:
ACATAGATCGCAGGCCAGTCA and ITS279: AGATACCGACGCAAACGCTAC.
The PCR assay was performed as described by Keid et al. (2007). Primers were
used at a final concentration of 0.2 yM with 1x DreamTaq Green PCR Master Mix
(ThermoFisher Scientific, South Africa) and 2 yl DNA in a 15 yl PCR reaction
mixture. The initial PCR assay denaturation was done at 95°C for 3 minutes followed
by 35 cycles at 95°C for 1 min, 60°C for 2 min, 72°C for 2 min and finally at 72°C for
5 minutes. Brucella melitensis Rev 1 (Onderstepoort Biological Products, South
Africa) was used as a positive control and nuclease-free water as a negative control
for the PCR assay. Gel electrophoresis of amplicons was performed on a 2%
agarose gel stained with ethidium bromide (1.0 g/ml) and the readings were made
under UV light.

6.3.9. Molecular characterization of Brucella spp. from cultures

The multiplex AMOS-PCR assay was used to identify and differentiate Brucella spp.
on cultures. The assay was performed as previously described (Bricker and Halling,
1994; Weiner et al., 2011) using DNA extracted from cultures. Four forward primers
that are specific to each of the four Brucella species under investigation (Table 6.1)
were used at a final concentration of 0.1 yM, to which was added 0.2 uM of the
reverse primer IS711 (Table 6.1), 1x MyTag™ Red PCR Mix (Bioline South Africa)
and 2 ul of template DNA in a 25 yl PCR reaction mixture. The PCR assay was
performed in the following cycles and conditions: initial denaturation at 95°C for 5
min, followed by 35 cycles at 95°C for 1 min, 55.5°C for 2 min, 72°C for 2 min and a
final extension step at 72°C for 10 min. Amplicons were analysed by electrophoresis
using a 2% agarose gel stained with ethidium bromide that was viewed under UV
light. Brucella abortus RB51 (Colorado Serum Company, Denver) was used as a

positive control, while nuclease free water served as a negative control.
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Table 6.1: Oligonucleotide sequences of primers that were used in the AMOS-PCR
assay to detect the Brucella species and the expected sizes of amplicons.

Name of primer Sequence (5'-3’) Size of amplicon (bp)
B. abortus GAC GAA CGG AAT TTT TCC AAT CCC 498

B. melitensis AAATCG CGT CCTTGC TGG TCT GA 731

B. ovis CGG GTT CTG GCA CCATCG TCG GG 976

B. suis GCG CGG TTT TCT GAA GGT GGT TCA 285

IS711 TGC CGATCACTT AAG GGC CTT CAT

6.3.10. Data analyses

Test results were stored in Microsoft Excel® spreadsheet version 2007 (Microsoft
Corporation, Redmond, WA). Abattoir or herd prevalence of Brucella infection was
determined as a percentage of animals or herds tested that were positive on both
RBT and CFT positive. The 95% confidence intervals (Cl) were estimated
considering CFT sensitivity and specificity of 81% and 98% respectively. Proportions
of reactors were compared between groups using the z-test. In all cases, p < 0.05

was considered significant.

6.3.11. Ethical approval

Authorization to conduct the study was obtained from the abattoir operator. The
study protocol was approved by the Chief Veterinary Officer, Ministry of Agriculture,
Water and Land Reform (Namibia) (Appendix 11); Director of Animal Health (South
Africa) according to Act 35 of 1984 (REF 12/11/1/1/6 (905) (Appendix 8 and
Appendix 9); Research Ethics Committee (REC 056-20) (Appendix 6) and Animal
Ethics Committee (V055-18) (Appendix 3-5) of the University of Pretoria.

6.4. Results

Between December 2018 and May 2019, lymph nodes and spleen were taken from
each of 304 cattle from 52 farms at an abattoir. Most of the cattle sampled (57.9%, n
= 176) were female and = 5 years old (45.7%, n = 139), but cattle aged 4 years (n =
40), 3 years (n = 58), 2-2.5 years (n = 40) and < 2 years (n = 27) were also part of
the study.
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6.4.1. Seroprevalence

Of the 304 sera tested, 7 were positive on RBT, giving an apparent animal
prevalence of brucellosis at the abattoir of 2.3% (7/304; 95% CI. 1.1-4.7%).
However, after confirmation with the CFT assay, animal brucellosis prevalence was
1.6% (5/304; 95% CI: 0.7-3.8%). Two sera tested positive on RBT, but negative on
CFT (titre = 1:4) (Table 6.2). Overall, five cattle herds tested positive for Brucella
antibodies on the CFT (Table 6.2). Thus, herd prevalence was estimated at 9.6%
(5/52; 95% CI: 4.2-20.6%). Of the five animals that tested positive on RBT and CFT,
four were males and one was a cow (Table 6.2). Prevalence of anti-Brucella
antibodies in females (0.6%, 1/176) and males (3.1%, 4/128) was not significantly
different (z = 1.7, p = 0.08). The positive titres were higher in older than in younger
animals. Within age categories, prevalence was 5.0% (2/40, 2.0-2.5 years); 2.5%
(1/40, 4 years); 2.9% (4/139, = 5 years); 0.0% (0/27, < 2 years) and 0.0% (0/58, 3
years). Of the five CFT-positive cattle, two had a history of movement between farms

and through an auction before they were slaughtered at the abattoir (Table 6.2).

6.4.2. Performance of test assays

The proportion of agreement between different assay results is indicated in Table
6.3. Results of ITS-PCR were more agreeable with those of the RBT (85.7%, 6/7)
than the CFT (57.1%, 4/7). All tests that were used (RBT, CFT, ITS PCR, culture and
isolation and AMOS-PCR) agreed on 57.1% (4/7) of the samples tested. There was

a 100% agreement between results of isolation and the AMOS-PCR.
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Table 6.2: ITS-PCR and AMOS-PCR screening results of tissues (spleen and lymph

nodes) and tissue homogenate cultures from cattle that were positive on RBT (n = 2)
and CFT (n =5).

Age

(years)

Sex
(M/F)

History of

movement

RBT
(+)

CFT

titre

Brucella spp.
DNA (ITS-PCR)

(+1)

Culture
(+1)

AMOS-PCR on

cultures (+/-)

Lymph

nodes

Spleen

Lymph

nodes  Spleen

Lymph

nodes  Spleen

=5

2-2.5

2-25

Stayed on one
farm
throughout
Stayed on one
farm
throughout
Stayed on two
farms and
moved through
one auction
Stayed on one
farm
throughout
Moved through
two farms and
two auctions
Moved through
two farms and
two auctions
Stayed on one
farm

throughout

1:32 (+)

1.8 (+)

1:8 (+)

1:16 (+)

1:32 (+)

1.4 ()

1:4 (-)
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Table 6.3: A comparison of assay performances on samples (n = 7) from

seropositive cattle.

Assays Number positive or negative Agreement (%)

on both tests

RBT and CFT 5 714
RBT and ITS-PCR 6 85.7
RBT and Isolation 6 85.7
RBT and AMOS-PCR 6 85.7
CFT and ITS-PCR 4 57.1
CFT and Isolation 6 85.7
CFT and AMOS-PCR 6 85.7
Isolation and AMOS-PCR 7 100.0
Isolation and ITS-PCR 5 71.4

6.4.3. ITS-PCR on tissues

Brucella DNA was detected in both spleen and lymph nodes of 6/7 (85.7%) cattle
that were seropositive on RBT, CFT or both (Table 6.2) (Figure 6.2), but not in one
animal that was seropositive on both RBT and CFT (Table 6.2) (Figure 6.2).
Additionally, spleen and lymph nodes (n = 200 each) that were tested from randomly
selected seronegative cattle, also tested negative for Brucella DNA. Therefore, the
overall detection rate of Brucella DNA in tissues was 2.9% (6/207) on ITS-PCR.

6.4.4. Bacterial isolation

Of the lymph nodes (n = 7) and spleen (n = 7) cultured from the seropositive cattle,
57.1% (4/7) and 85.7% (6/7) respectively, yielded Brucella isolates from mixed
cultures. The 10 isolates had typical phenotypic and morphological characteristics of
Brucella spp. ITS-PCR confirmed all isolates as Brucella spp.

6.4.5. AMOS-PCR results

All isolates from spleen (n = 6) and lymph node (n = 4) homogenate cultures were
identified as B. abortus by AMOS-PCR (Figure 6.3). Brucella abortus was detected
more in spleens (85.7%, 6/7) than in lymph nodes (57.1%, 4/7). Results of the RBT,
CFT, ITS-PCR, culture and AMOS-PCR agreed in 57.1% (4/7) of the cattle tested
(Table 6.2). In one case (14.3%), ITS-PCR did not detect Brucella DNA in spleen or

lymph nodes, but AMOS-PCR identified B. abortus in cultures.
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Figure 6.2: Genus-specific 16S-23S rRNA interspacer region (ITS) PCR
amplification gel electrophoresis results of tissue samples (lymph nodes and spleen)
from seropositive cattle. Lane L (100 bp marker), Lane 1-7 (lymph nodes), Lane 8-14
(spleen), Lane 15 (positive control: B. melitensis Rev 1), Lane 16 (negative control:

nuclease-free water).

Figure 6.3: AMOS-PCR products from the amplification of the 1IS711 gene using

Brucella species-specific primers. Lane L (100 bp marker), Lane 1-6 (spleen), Lane
7-10 (lymph nodes), Lane 11 (B. abortus RB51- positive control), Lane 12 (negative

control: nuclease free water).

6.5. Discussion

This study determined seroprevalence and identified Brucella abortus in spleen and
lymph nodes of seropositive cattle slaughtered at a major cattle abattoir in Namibia
using serology, ITS-PCR, culture, and AMOS-PCR. A low abattoir seroprevalence
(1.6%) that was determined in this study based on RBT and CFT is confirmation of
Brucella spp. infection in cattle in Namibia and an indication of low infection rates on
the farms of origin. The seroprevalence was within the range of 0.0-2.9% reported
for South African (Bishop, 1984; Kolo et al., 2019) and Brazilian abattoirs (Mioni et
al., 2018), but higher than the prevalence of up to 0.5% reported by earlier studies in
Namibia (DVS, 1987; Madzingira et al., 2020). The slaughter of predominantly
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mature cattle may have overestimated the seroprevalence of brucellosis in the
current study. Higher abattoir prevalence rates than in the current study have been
reported in Nigeria (3.9%) (Akinseye et al., 2016), Tanzania (4.7%) (Luwumba et al.,
2019) and several African countries (Shey-Njila et al., 2005; Cadmus et al., 2006;
Berhe et al., 2007; Swai and Schoonman, 2009; Mergesa et al., 2011; Cadmus et
al., 2013; Awah-Ndukum et al., 2018). The proportion of infected cattle herds (9.6%)
at the abattoir was low and similar to a herd prevalence (9.3%) reported previously in
Namibia (Madzingira et al., 2020). Results of this study, when compared to previous
prevalence studies in Namibia, show that bovine brucellosis prevalence is low and

has attained endemic stability in cattle populations.

The positive titre and the number of seropositive cases recorded at the abattoir were
higher in older than younger cattle, in agreement with previous studies (Chaka et al.,
2018; Selim et al., 2019) and serve to confirm that brucellosis is a disease of
sexually mature cattle (Muma et al., 2006; Matope et al., 2011). The higher number
of seropositive cases in older than younger animals can be ascribed to a longer
exposure time to infection in the herd (Selim et al.,, 2019), the absence of
seroconversion or higher resistance to Brucella infection in younger animals (Deka et
al., 2018). In contrast to previous studies that found more Brucella infected female
than male cattle (Kebede et al., 2008; Tolosa et al., 2008; Megersa et al., 2011), the
current study found no significant differences in the prevalence between sexes as
has also been reported by Shafee et al. (2012). In this study, there was no apparent
association between animal movement history and seropositivity, as some
seropositive cattle had stayed on one farm throughout their lifetime, while others had
been traded between farms and moved through auctions. In earlier studies, Stringer
et al. (2008) reported an association between cattle movement history and

seropositivity.

Since the vaccination status of cattle in this study was unknown, the contribution of
vaccine antibodies to the observed seroprevalence cannot be excluded. However,
the fact that four of the five seropositive cattle were male, suggests that these
animals had Brucella infection (past or present), since male animals are not

vaccinated against brucellosis. However, it is possible that farmers may have
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vaccinated males out of ignorance. In Namibia, heifers of 3-8 months of age should
be vaccinated against brucellosis using S19 and those older than 8 months of age
with RB51 as per the Animal Health regulations (2018). This requirement is strictly
enforced in the commercial livestock sector, but not in the communal cattle rearing
system (Madzingira et al., 2020), both of which supply cattle for slaughter at the
study abattoir.

Although the number of samples that were used to compare test agreements were
small (n = 7) and included only samples positive on RBT, results indicate that RBT
had a higher proportion of agreement with ITS-PCR than CFT. Thus, despite its
drawbacks, the RBT is a useful screening test for identifying Brucella positive cattle
and any negative results on the confirmatory CFT may need to be investigated
further using other tests. The identification of Brucella DNA in tissues (lymph nodes
and spleen) from two RBT positive and CFT negative cattle, reinforces the need to
use several tests including ITS-PCR to complement the diagnosis of brucellosis (El-
Diasty et al., 2018) in cattle. Under normal circumstances, sera that test positive on
RBT and negative on CFT, are considered negative. The discrepancy between the
results of the CFT and ITS-PCR may be explained, in part, by the stage of Brucella
infection at the time of testing. Serological testing of cattle in the early stages of
infection using CFT is associated with negative results due to low IgG titres (Taleski,
2010). The absence of Brucella DNA in tissues from one RBT and CFT-positive cow,
may be due to low bacterial levels in the early stage of infection (O’Leary et al.,
2006) or infection that was cleared (Gwida et al., 2011). ITS-PCR was used in this
study to detect Brucella spp. in cattle tissues and tissue homogenate cultures. The
assay has been reported to detect extremely low levels of Brucella DNA in tissues
(Keid et al., 2007), including tissues from seronegative animals (Kolo et al., 2019). In
this study, the high sensitivity of ITS-PCR was demonstrated by the detection of
Brucella DNA in mixed cultures, in which the concentration of bacteria was low. The
ITS-PCR Brucella spp. detection rate of 2.9% determined by this study was lower
than the detection rate of 12.5% reported at South African abattoirs (Kolo et al.,
2019), which may reflect the differences in risk factors and prevalence of bovine
brucellosis between the two countries. Results of this study show that ITS-PCR is a

177



useful tool for brucellosis surveillance, which needs to be validated for use on animal

tissues by laboratories.

Considering that ITS-PCR can only identify Brucella to the genus level, the species-
specific AMOS-PCR was used to confirm the isolation of B. abortus in Namibia from
ten spleen and lymph node homogenate cultures. The findings by AMOS-PCR
agreed with results of the culture and isolation method, confirming the widely
reported sensitivity of molecular techniques (Karthik et al., 2014). To the best of our
knowledge, this is the first isolation of B. abortus from cattle in Namibia. The isolation
of B. abortus in cattle was not surprising since it is the most common cause of the
disease in bovines worldwide. Due to the low bacterial concentration in tissues and
subsequent low growth on culture plates, pure cultures could not be obtained for
biotyping purposes. Since the AMOS-PCR only detects B. abortus biovar 1, 2 and 4
(Bricker and Halling, 1994), isolates in the current study can only be one of these
biovars. In future, B. abortus S19-specific primers can be used to differentiate field
and vaccine strains. As stated above, the Brucella strains isolated from male animals

are most probably field strains, but this needs to be confirmed.

Despite the low seroprevalence and isolation rate of Brucella spp., it is of concern
that a zoonotic pathogen was isolated from cattle tissues at a high throughput
abattoir. Therefore, it is recommended that abattoir workers follow prescribed
biosafety procedures including the wearing of adequate personal protective gear to
prevent possible infection (Islam et al., 2013; Luwumba et al., 2019), because
brucellosis does not present typical signs or lesions to permit the exclusion of
affected cattle or meat at ante- or post-mortem inspection. It was encouraging that
the study abattoir provided employees with adequate protective clothing for their
specific responsibilities. Health education training is recommended in abattoir
workers and meat handlers in general, to create awareness of and prevent

brucellosis and other potential zoonoses.

There were limitations associated with the study. These include the fact that not all
sera that were tested with RBT and CFT were subjected to the PCR assay, which

may have underestimated the proportion of PCR-positive cases. Further, the low
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concentration of brucellae in the tissues and cultures precluded the growth of pure
cultures for biotyping. Therefore, it is imperative that future studies should confirm
whether the strains of B. abortus isolated in Namibia are field or vaccine strains,
using Bruce-ladder PCR (Garcia-Yoldi et al., 2006) or S19- specific primers in an
AMOS-PCR as described and recommended by Bricker and Halling (1995), since

the vaccination of cattle against brucellosis is common in the country.

6.6. Conclusion

In this study, Brucella abortus was isolated from cattle tissues and a low
seroprevalence of bovine brucellosis was determined at a major abattoir in Namibia.
There is a risk of exposure to Brucella infection among abattoir workers, especially if

biosafety procedures are neglected by the workers or not enforced by the authority.
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Chapter 7: General Discussion, Recommendations and Conclusions

7.1. General discussion

Results of this study showed that the seroprevalence of bovine brucellosis in the
cattle farming system (Chapter 5) and at the abattoir (Chapter 6) were low (0.49%
and 1.64% respectively) and similar to prevalence (0.0%, 0.01% and 0.50%)
reported by previous studies in Namibia (DVS, 1987; Magwedere et al., 2011;
Madzingira and Sezuni, 2017). Likewise, the proportion of infected herds in the
retrospective study (9.26%) and at the abattoir (9.60%) were similar and low.
Brucellosis seroprevalence was higher at the abattoir (prospective study) than in the
cattle farming system (retrospective study), most probably due to a smaller sample
size (n = 304) compared to the retrospective study (n = 49 718). Most cattle in the
current study originated from commercial farming areas where vaccination against
brucellosis using B. abortus S19 vaccine is frequent, which could have
overestimated the prevalence of anti-Brucella antibodies. Individual cattle and herd
prevalence of brucellosis in the retrospective study, were higher in the communal
areas (10.27% and 33.09%) than in the commercial farming areas (0.24% and
4.67%), even though most of the cattle tested were from commercial (n = 48 462)
than communal (1256) areas. These findings show that brucellosis is a bigger
challenge in communal than in commercial cattle herds, probably due to the high
frequency of risk factors for the disease in the communal areas such as low
vaccination rates (Chapter 3) and the mingling of different cattle herds (Madzingira et
al., 2020). Further, the study on knowledge, attitudes, and practices regarding
brucellosis (Chapter 3) revealed that communal livestock farmers had significantly
lower levels of brucellosis knowledge than commercial livestock farmers and as a
result, they were unlikely to control brucellosis in their cattle herds or protect
themselves against infection. Despite the relatively high bovine brucellosis
prevalence recorded in the communal areas, a clear decline in the number of
positive reactors per year was observed. Whether this is due to improvements in the
accessibility of veterinary services in the communal areas in recent years or low
levels of cattle testing needs further investigation. The low animal prevalence

determined in commercial dairy cattle (0.19%) and beef cattle (0.30%) is an
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endorsement of the effectiveness of brucellosis control measures implemented on
commercial cattle farms. According to Madzingira et al. (2020), control of brucellosis
on commercial cattle farms is strictly enforced by veterinary officials. Furthermore,
commercial dairy cattle are tested annually and any reactors are culled as per the
Animal Health regulations (2018).

In the retrospective seroprevalence study in cattle (Chapter 5), all cows that aborted
on commercial farms were seronegative, perhaps due to undetectable antibody
levels that are associated with the period immediately following abortions (Mittal et
al., 2018). However, this is unlikely to have been the case, because 12.65% of
abortion-linked sera in the communal areas were seropositive. Further, in all cases
of abortions, diagnosis at the laboratory was routinely complimented by examination
of modified Ziehl-Nielsen stained smears of abortion material and conventional PCR
for the identification of Brucella DNA. These findings suggest that brucellosis is not a
frequent cause of abortions in commercial cattle herds in Namibia. Therefore, other
potential causes of abortions in cattle, such as Chlamydophila abortus, Coxiella
burnetii, Campylobacter fetus venerealis and Leptospira spp. need to be considered

routinely in any diagnostic workup for abortion cases.

Bovine brucellosis cases were distributed in all administrative regions of Namibia,
except Erongo and Kunene regions, while human brucellosis incident cases were
recorded in all 14 regions of the country. Erongo and Kunene regions have
predominantly hot and dry desert conditions and sparse cattle populations, which is
not ideal for the survival and spread of Brucella infection between cattle or cattle
herds. Whereas bovine brucellosis cases were clustered in the northern and north-
eastern communal areas of the country, there were more human cases in the
commercial cattle and sheep farming regions (Khomas, Hardap, Kunene and Karas),
where seroprevalence of brucellosis in cattle has been determined to be low, the
human population sparse and awareness of the disease is high (Chapter 3). The
clustering of human brucellosis cases in the commercial livestock farming areas may
be related to the large numbers of sheep and goats that are reared in these regions
than in the communal areas. It is also suspected that the referral of complicated

chronic brucellosis cases to the major hospitals in the commercial cattle farming
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regions of the country may have played a role. Further studies are required to

explain this finding.

In agreement with the endemic nature of the disease in cattle, the retrospective
brucellosis study in humans (Chapter 4) determined seroprevalence of human
brucellosis (11.64%) among patients presented at medical facilities around the
country from 2012 to 2017. The prevalence of human cases doubled over the study
period, despite a decline in presumptive cases and a relatively stable prevalence of
bovine brucellosis during the same period. This may be due to low brucellosis
awareness level (43.5%) (Chapter 3) and subsequent involvement in risky practices
for Brucella infection by exposed professions such as farmers and meat handlers, as
noted by the study on brucellosis knowledge, attitudes and awareness (Chapter 3).
In the retrospective study in humans, suspected clinical cases of brucellosis were
subjected to serological testing, which may have overestimated the observed
prevalence. However, the higher prevalence estimated in humans (11.64%) than
cattle (0.49%) is not surprising, because raw milk, the main source of infection for
humans can be consumed by many people at once, resulting in an exponential rise
in cases (Leong et al., 2015). The rapid diagnostic test that is currently used to
screen for human brucellosis in Namibia has a low sensitivity (36.6%) and specificity
(69.3%) (Kiambi et al., 2020). As a result, the use of this test in combination with
tests of a higher sensitivity such as RBT, SAT or Coomb’s test is recommended to
prevent false negative cases that would not be placed on treatment. Since most
human brucellosis cases (56.3%) were reported at private medical facilities, public
medical facilities that serve an even larger number of patients need to upscale their
surveillance for the disease. In Namibia, livestock herding, handling, and milking are
primary responsibilities of males and this would suggest a higher level of exposure to
brucellosis among males. However, results of the study showed more seropositive
females (64.00%) than males, perhaps due to handling contaminated animal
products such as meat at home or at abattoirs. Human brucellosis prevalence
increased with age but was higher in the economically active age group (30-40
years), as was also observed in Namibia by Magwedere et al. (2011). In general, the
young have limited contact with livestock, compared to adults, hence the observed

trends. The data that were used in this study lacked information on clinical symptoms
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at presentation and exposure factors. Therefore, risk factors for the disease could

not be explored extensively.

This is the first report of the molecular characterisation of B. abortus from mixed
(non-pure) cultures of cattle tissues (spleen and lymph nodes) in Namibia based on
AMOS-PCR (Chapter 6). Previous studies, using serological tests, could only identify
the bacteria to genus level. The isolation of B. abortus from cattle was expected
because cattle are the primary reservoir host for this species (Verger et al., 1982).
The study used RBT and CFT in series to identify seropositive cattle; ITS-PCR to
confirm the presence of Brucella DNA from tissue homogenate cultures and AMOS-
PCR to identify Brucella isolates. The Brucella DNA detection rate using ITS-PCR
among the tested tissues was low (2.9%) and similar to the low prevalence reported
in the retrospective bovine seroprevalence study (0.49%) and the seroprevalence
study at the abattoir (1.64%). Brucella isolates were from spleens (85.7%, 6/7) and
lymph nodes (57.1%, 4/7), confirming these tissues as valuable samples for bacterial
culture and isolation of Brucella (OIE, 2018). However, the isolates could not be
typed due to a failure to obtain pure cultures because of the low concentration of
bacteria in the tissues. Future studies should attempt purification and biotyping of the
species as well as whole genome sequencing to characterize the isolates, which will
improve the understanding of transmission patterns and risk factors for the disease
(Mathew et al., 2015).

Knowledge, attitude, and awareness deficiencies that are a risk for Brucella infection
were identified among farmers, meat handlers and medical professionals (Chapter
3), which may partly explain the relatively high prevalence of human brucellosis
(11.64%) determined in this study (Chapter 4). Although commercial farmers and
medical professionals were highly knowledgeable about brucellosis, they engaged in
practices that pose a risk for Brucella infection, such as drinking raw milk, handling
animals, or assisting delivery with bare hands. Therefore, impartation of knowledge
alone may not be sufficient to protect individuals from infection. Rather, interventions
targeted at changing attitudes and behaviours should be included to ensure that
individuals do not engage in practices that are a risk for Brucella infection.

Knowledge of brucellosis was low among communal farmers and meat handlers and
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therefore, these groups should be targeted during public health education
campaigns. Brucellosis was rarely considered as part of the differential diagnoses for
cases of persistent fever in humans despite a high frequency of medical
professionals that had knowledge of the disease. As a result, brucellosis may be
under-diagnosed at medical facilities around the country, placing patients at risk of
the severe and debilitating chronic form of the infection. Some respondents indicated
that abortion materials were left on pastures or fed to dogs. This has the potential to
contaminate the environment with Brucella bacteria, especially as dogs have been
reported to play an important role in the epidemiology of bovine brucellosis by

dragging aborted material around the farm (Forbes, 1990).

7.2. Recommendations

Results of this study confirm that the prevalence of bovine brucellosis in Namibia is
low. Despite the low proportion of infected cattle and cattle herds reported in this
study, the zoonotic nature of the disease and the relatively high prevalence
determined in humans necessitate the implementation of appropriate prevention and
control measures. According to Nicoletti (1993), in regions where bovine brucellosis
seroprevalence is less than 2% as in this study, an eradication strategy based on the
test and slaughter approach is recommended. However, the financial implications of
this strategy are high, especially the cost of testing cattle and compensating farmers
for culled seropositive animals. Since the current bovine brucellosis control
measures are less costly, but effective in keeping seroprevalence at a low level
(Madzingira et al., 2020), it is recommended that they be maintained, but strictly
enforced especially in the communal areas where relatively higher seroprevalence
was determined. Widespread application of vaccination of cattle in the communal
areas is recommended to reduce the incidence and transmission of the disease. It is
also recommended that the current voluntary vaccination of sheep against
brucellosis be promoted among sheep farmers and the consumption of raw sheep
and goat milk be discouraged, as these are potential sources of human infection
(Musallam et al., 2015). The capacity for veterinary and public health officials to carry
out disease surveillance, engage and provide extension services to communities
should be enhanced for better brucellosis prevention and management of the

disease (Dadar et al., 2021). Bovine brucellosis control measures in Namibia are
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outlined in the Animal Health Regulations (2018) and include compulsory once-off
vaccination of heifers from 3 to 8 months with S19 vaccines or female cattle above 8
months of age with RB51 vaccines, serological testing of milk-producing cattle at
least once a year, importation of brucellosis-free cattle, identification of seropositive
cattle and herds, quarantine measures, and slaughter of positive cattle under

veterinary supervision.

Despite the low seroprevalence and pathogen isolation rate in cattle, it is of concern
that B. abortus, a zoonotic pathogen was isolated at a high throughput abattoir.
Therefore, abattoir and butchery owners should provide regular training to meat and
animal handlers on zoonotic diseases and their prevention as part of their
occupational health and safety training programs and appropriate protective gear to
protect against Brucella infection. Although brucellae have a short survival time in
meat, the handling of meat with compromised skins in the slaughterhouse, butchery
or kitchen should be avoided to prevent wound inoculation of bacteria. For the meat
consumer, thorough cooking of meat and the boiling of milk before consumption are
the best options for preventing Brucella infection. Since, Brucella tend to concentrate
in lymph nodes, careful removal of lymph nodes may reduce the chances of
infection, but survival of the bacteria in meat is limited due to the decline in pH post-
mortem (EC, 2001). In humans, brucellosis can also be brought under control based
on measures implemented in the livestock sector (Vemulapali et al., 2004). However,
these measures alone may not be adequate, as inappropriate practices and attitudes
as observed in this study (Chapter 3) can expose individuals to infection.
Considering this along with the relatively high prevalence of human brucellosis
recorded in this study, a One Health approach with collaboration between public
health and veterinary officials (Dadar et al., 2021) is proposed. The strategy, should
use health education and risk communication strategies as suggested by the
respondents to disseminate knowledge on disease risk factors and prevention
measures to the public in general and persons in the animal and meat industries
specifically. In particularly, the pasteurization or boiling of raw milk before
consumption (Kiambi et al., 2020) or using it in yoghurt production and the adoption
of safe meat and animal handling practices should be promoted (Islam et al., 2013;

Luwumba et al., 2019). According to the FAO (2010), human populations that are
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aware of the epidemiological aspects of brucellosis and prevention methods, have a
reduced risk of Brucella infection. Health education targeted at occupationally
exposed groups such as farmers, butchers and abattoir workers, and resource poor
communities is a potent tool for raising awareness of the socioeconomic effects of
the disease and preventive measures against Brucella infection (Marcotty et al.,
2009; FAO, 2010). It is recommended that regular continuous professional training
be provided to medical professionals on zoonotic diseases such as brucellosis to
improve surveillance for the disease at medical facilities in the country. Future
studies to determine the burden of or exposure to Brucella infection in occupationally

exposed groups are recommended.

7.3. Conclusions

Results from this project showed that the communal farmers and meat handlers had
low levels of brucellosis knowledge. Knowledge, attitude, and practice gaps that can
promote Brucella infection in humans and cattle were identified among cattle
farmers, meat handlers and medical professionals. However, positive attitudes, such
as the desire by participants to receive more information on brucellosis, are
opportunities that can be utilised to disseminate health education. Brucellosis
seroprevalence in cattle in the country, at the abattoir and in humans was 0.49%,
1.64% and 11.64% respectively. Human brucellosis cases were reported in all 14
regions of the country, but were more in the commercial cattle and sheep farming
regions of Khomas, Hardap, Kunene and Karas than other regions of the country.
Bovine brucellosis cases were clustered in the northern and north-eastern communal
areas of the country. In this study, B. abortus was isolated and characterised from
cattle lymph nodes and spleens using ITS-PCR and AMOS-PCR.
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Appendices

Appendix 1: Brucellosis survey questionnaire: cattle farmers

Please give a response by placing an ‘X’ in the boxes or by filling in the blank spaces.

Date:

SECTION A:

1. Age (tick as appropriate):  18-30

2. Gender (tick as appropriate):

Town and Region:

Questionnaire number:

31-40

Male

41-50

Female

51-60

>60

Highest education level:
No formal education
Primary school level
Secondary school level
Certificate
Diploma
University degree
5. Profession/farming system:
Cattle farmer
Cattle farm manager

Communal farmer

J0o0 obodon

Commercial farmer

6. Number of years in the profession:

SECTION B:

7. List any diseases that can cause abortions in cattle (in any Namibian language):

8. Have you heard of a disease called brucellosis?

Yes |:|

If yes in point 8 above, which animals can get brucellosis?

9. Where did you hear about brucellosis?

No|:|

10. Can people get brucellosis? Yes |:|

No

[ ]

If yes in point 10 above, how do humans get this disease?

11. How is brucellosis spread between cattle?
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12. What are the symptoms of brucellosis in humans?

13. What signs do cattle affected by brucellosis show?

14. Is brucellosis a treatable disease in humans?Yes |:|
15. How can brucellosis be prevented in:
15.1 People?

No|:|

| don’t know |:|

15.2 Cattle?

16. Do you know of any person that has had brucellosis? Yes

16.1 If yes in point 16 above, how were they infected?

No

16.2 If yes in point 16 above, were they treated at the hospital?

16.3 If yes in point 16 above, did the person die [ ] recover[ | oris still sick__]

17. Which of the following symptoms have you experienced in the past
Continuous fever
Fever that comes and goes
Profuse sweating at night
Weakness
Joint pains
Muscle pains
Headache

BN

Back pain

18. Do you think you are at risk of infection with brucellosis? Yes

SECTION C:

19. Livestock species, breeds and numbers kept:

year?

No

Livestock

species

Total number

Breed (s)

Breeding
females

Breeding
males

Calves, lambs

or kids

Cattle

Pigs

Sheep

Goats

20. How are cattle reared on your farm?

Cattle share grazing with sheep

Cattle share grazing with goats

Cattle share grazing with both sheep and goats

Cattle are reared separately from sheep and goats

Only cattle are reared

Joo oo




21.

22.

23.

24,

25,

26.

Cattle share drinking water with; sheep?
goats?

Source of drinking water for animals:

Yes[ ]
Yes[ ]

Dam

No [ ]
No [

[ ]

Borehole/underground [ ]

River L1
Other
Source of feed for cattle:
From outside the farm
From inside the farm ]
From which places do you buy cattle for your farm?
Other cattle farms Yes [_] No []
From auctions Yes [] No []
Other countries Yes [] No []
No cattle are brought from outside [ ] No [ ]
Other places (please specify):
Do you check the health of animals before you buy them?
No, i don’t carry out any checks [ ]
Yes, | ask the veterinarian to check and carry out tests g

Yes, i check the animals myself

How often do your cattle mix with cattle from neighboring farms?

They always mix
They don’t mix at all, farm is fenced

Sometimes
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27. Where do you sell cattle from your farm?
At auctions
At the local abattoir

At the export abattoir

o

Export to other countries
Other:

28. Do you sell cows’ milk:

No|:|
No [ ]

29. Which animal’s milk is consumed on the farm? Sheep [ | Goat[ | Cow [ |
None

on the farm? Yes
outside the farm? Yes

i

30. The following products are made from fresh milk on the farm:
Cheese |:| yoghurt |:| none of these |:| other products (specify):

31. Who assists cows to give birth?

32. Please complete the table below:

2016 2017 2018

Number of cows that aborted

Number of calves born dead

Number of cows with retained placentas

Number of cows that did not get pregnant

Number, age and sex of cattle with swollen joints

Number of cattle bought from outside the farm

33. Which vaccines do you give to cattle?

34. Do you vaccinate cattle against brucellosis? Yes [ ] No [ ]

If yes, which age and sex do you vaccinate?

If yes, which vaccine do you use against brucellosis in cattle?

35. Have your cattle tested positive for brucellosis in the past year? (Yes/No)

35.1 If yes, who tested the cattle?

35.2 If yes, what happened to the animals that tested positive to brucellosis?

202



SECTION D:

36. Fresh cow’s milk and home-made cheese are as healthy as packaged fresh milk and cheese from

the supermarket: Yes No

37. Is it necessary to boil raw milk from a cow before drinking it? Yes No

38. How serious do you consider abortions in cows?

Very serious Serious Not important

39. What do you do with cattle that get sick?

Treat myself I:l
Look for a veterinarian to assist []
Slaughter for meat |:|
Other:
40. Would you need more information about brucellosis? Yes No

40.1 If yes in point 40 above, how would you like to receive information about brucellosis?

SECTION E:
41. How do you milk cows?

Hand milking I:I Machine milking I:I Cows are not milked I:I

42. If cows are milked, who does the milking?

43. Are hands washed after milking cows? Yes |:| No I:l
44. Do you drink raw cow’s milk? Yes I:l No |:|
45. Do you use raw cow’s milk in tea? Yes |:| No |:|
46. Do you prepare and eat home-made cheese? Yes |:| No |:|
47. Do you handle aborted fetuses and placentas with your hands? Yes |:| No |:|

47.1 If the answer to 47 above is no, how do you handle them?

48. What do you do with aborted fetuses and placentas? (tick as appropriate)

Leave on the pastures (do nothing) |:|
Burn |:|
Feed to dogs |:|
Bury I:l
Call veterinarian ]

49. What would you do if you suspected an animal had brucellosis?

50. How do you prepare your meat for consumption?

Eat raw

Boil []
[ ] 203



Partly cook

Roast |:|
51. Which of the following do you eat?

Cattle testicles

Female reproductive parts

Raw milk

Uncooked liver

Uncooked blood

Uncooked fore stomachs
52. Breeding methods used:

Artificial insemination

Own bulls

Communal bulls

Both artificial insemination and own bulls

Yes
Yes
Yes
Yes
Yes

Yes

OO

Nol:l
Nol:l
Nol:l
No|:|
Nol:l
Nol:l
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Please give a response by placing an ‘X’ in the boxes or by filling in the blank spaces.

Appendix 2: Brucellosis survey questionnaire: abattoir workers/butchers

Date: Questionnaire number:
SECTION A:
1. Age (tick as appropriate):  18-30 31-40 41-50 51-60 >60
2. Gender (tick as appropriate): Male Female
3. Abattoir name:
4. Highest education level (tick appropriate answer):
No formal education ] Primary school level 1]
Secondary school level ] Certificate [ ]
Diploma ] University degree ]
5. Profession/type of work:
Butcher L1 Abattoir worker L1
6. Job title and Department:
7. Brief description of job activities:
8. List of protective gear worn:
9. Number of years in the job:
SECTION B:
10. Have you heard of a disease called brucellosis? Yes |:| No |:|
If yes in point 10 above, what is the cause of the disease?
If yes in point 10 above, which animals can get brucellosis?
11. Where did you hear about brucellosis?
12. Can brucellosis infect people? Yes[ ]  No|[ ]
If yes in 12 above, how do humans get the disease?
13. What are the symptoms of brucellosis in humans?
14. How is brucellosis spread in cattle?
15. What are the clinical signs in cattle infected with brucellosis?
16. Is brucellosis a treatable disease in: people? Yes |:| No | don’t know
cattle? Yes [ ] No | don’t know
17. How can brucellosis be prevented in:
17.1 People?
17.2 Cattle?
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18. Have you seen a person suffering from brucellosis? Yes

19. Which of the following symptoms have you experienced in the past year?
Fever that comes and goes
Profuse sweating at night
Weakness
Joint pains
Muscle pains

Headache

HiEgIARinin

Back pain
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20. Name any diseases that can cause abortions in cattle.

21. Name any diseases of cattle that can affect people.

SECTION C:

22. Fresh cow’s milk and home-made cheese are as healthy as packaged fresh milk and home-made
cheese from the shop: Yes No

23. Is it safe to drink milk straight from a cow’s udder? Yes No

24. Handling aborted or stillborn calves with no protection can give you diseases such as brucellosis?
Yes N | don'’t

25. It is safe to handle blood from slaughtered cattle with unprotected hands?

Yes |:| No |:| | don’t know |:|

26. It is safe to drink blood from slaughtered cattle.

Yes[ | No [ ] ldon'tknow [ ]

27. It is safe to open a cow’s uterus using unprotected hands?

Yes |:| No |:| | don’t know |:|

28. Do you assist cows to give birth at your farm/village?
Yes[ ] No [ ]
29. Do you use protected hands (gloves) to assist delivery? Yes |:| No |:|
30. When my hand (s) are bruised or injured, i:
|:| stop handling and working with meat until they are healed
|:| continue handling and working with meat with uncovered hands

I:l cover hands with gloves and continue handling meat

31. Do you think you are at risk of getting diseases from cattle at the abattoir?

Yes |:| No |:|

SECTION D:

32. Do you drink raw cow’s milk? Yes I:l No I:l
33. Do you prepare and eat home-made cheeses? Yes |:| No |:|
34. Do you handle fetuses during slaughter or dressing? Yes |:| No |:|

If the answer to 34 above is yes, do you wear any protection?

35. How do you prepare meat for consumption at home?
Eat raw [ ]
Boil thoroughly [ ]
Undercook/rare [ ]
Roast [ ]
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36. Which of the following do you eat?

Cattle testicles Yes No I:I
Female reproductive parts (uterus, cervix) Yes No I:I
Undercooked liver Yes No I:I
Uncooked liver Yes No |:|
Uncooked blood Yes No |:|

Uncooked fore stomachs Yes I:I No I:I

37. How frequently does blood splash into your eyes during slaughter, dressing or meat handling?

Allthe ime [ | Never[ | Rarely[ ]| Sometimes [ |
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Appendix 3: Brucellosis survey questionnaire: medical professionals

Please give a response by placing an ‘X’ in the boxes or by filling in the blank spaces.

Date:

SECTION A:

1. Age: 18-30

2. Gender:

3. Town and Region:

Male

31-40

Questionnaire number:

41-50 51-60 >60
Female

4. Education level:

Diploma

University degree

5. Profession:

SECTION B:

6. Have you heard of a disease called brucellosis? Yes No

Medical doctor

Nurse

Job title:

Number of years in profession/job:

L]
L]

Specialization or area of work:

Specialization or area of work (if any):

6.1 If yes in point 6 above, where did you hear about the disease?  During medical training?

In the clinic/hospital
At a training workshop

During interactions with other professionals

Other sources (specify)

7. How is brucellosis transmitted to humans?

8. Have you seen a case (s) of brucellosis in people? Yes No

If yes:

8.1 How many cases have you seen in the past year?
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8.2 Where was the disease observed? Government clinic

Private clinic Government hospital Private hospital

8.3 What was the source of the disease in the cases observed?

8.4 What was the history associated with the affected people?

8.5 What were the symptoms in affected people?

8.6 How was the disease confirmed as brucellosis?

8.7 What was the duration of the disease in the observed cases?

8.8 How was the case (s) managed/treated? (Medicines used)

8.9 What was the fate of the patient (s) affected by the disease:

Fully recovered
Developed complications
Died

| don’t know

9. What advice would you give to the public with regards to brucellosis prevention?

(a) Have you encountered any cases of unexplained fever in patients? Yes No

(b) Which diseases are commonly considered as differential diagnosis for unexplained fever in

patients?

10. Please specify the zoonotic diseases that you have encountered over the past 10 years and their

general trend in the table below (indicate with an X’):

Current trend over the last 10 years in your practice

Zoonotic disease Increasing Decreasing Constant | don’t know

11. Which of the following animal products do you consume?
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12.

13.

14,

15.

Raw milk Yes No
Home-made cheese Yes No
Home-made yoghurt Yes No
Have you ever assisted cows during delivery? Yes No
Do you think you are at risk of infection with brucellosis? Yes No
If yes, in what ways are you at risk?
How would you rate your level of knowledge of zoonotic diseases?
Fair |:| Excellent |:|
Poor [ ] Good [ ]
Do you need training on zoonotic diseases? Yes No

If yes above, how would you prefer to receive this training?

Online

Face-to-face

Through disease pamphlets
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Appendix 4: Informed consent form

FACULTY OF VETERINARY SCIENCE
DEPARTMENT OF VETERINARY TROPICAL DISEASES

INFORMED CONSENT LETTER
Dear Prospective Research Participant

1) INTRODUCTION

You are invited to volunteer for a research study titled ‘Knowledge, attitudes and
practices related to human and animal brucellosis among occupationally
exposed and medical professions’, a research that forms part of a PhD study at

the University of Pretoria.

Principal Investigator: Oscar Madzingira Telephone number:
+264813593072

Supervisors: Prof. H. van Heerden and Prof. F.O. Fasina

2) PURPOSE AND BENEFITS OF THE STUDY

The study seeks to find out the knowledge, attitudes and risky practices related to
brucellosis in communal and cattle farmers; abattoir and butchery workers; nurses
and medical doctors. This information can be used to improve brucellosis prevention

and control in both the human and animal populations.
3) STUDY PROCEDURES

You are requested to answer the questions on a questionnaire and this will take about
5-15 minutes. Answering the questions is voluntary. Participants may leave out any
guestions that make them feel uncomfortable or ask the interviewer or Pl for
clarification. There is no foreseeable physical or other risk associated with participating
in this study. All records from this study shall be kept confidential in a secure place. All
information collected shall be stored or published in such a way that it is not possible to

identify the participants.
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4) ETHICS APPROVAL

This Protocol was approved by the Ministry of Health and Social Services (Namibia);
Faculty of Veterinary Science (REC056-20) and Faculty of Humanities
(HUMO026/0620) Research Ethics Committees; and the Animal Ethics Committee
(V055-18), University of Pretoria, M35, Onderstepoort, Pretoria, 0110, South Africa,
Telephone numbers +27 12 529 8000 / 12 86 100 8387 and written approval was

been granted by the committees.

5) CONSENT TO PARTICIPATE IN THIS STUDY

| confirm that the Principal Investigator has informed me about the nature,

purpose, any risks or discomforts, and benefits of the study.

e | have received, read and understood the above written information about the
study.

e | was given adequate time to ask questions.

e | am aware that the information obtained in the study, including personal
details, shall be handled anonymously at all times, including during reporting
of the results.

e | have no objections to participate in this study.

e | understand that | will not be penalised in any way should | wish to

discontinue with the study.

e | am participating willingly and do not expect to be paid

Participant’'s name (Please print) Date
Participant’s signature Date
Researcher’s name (Please print) Date
Researcher’s signature Date
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Appendix 5: Ethical approval

Animal Ethics Committee

PROJECT TITLE Epidemiology and characterisation of Brucella species from
bovine tissues in Namibia

PROJECT NUMBER V055-18

RESEARCHER/PRINCIPAL INVESTIGATOR | Dr O Madzingira

STUDENT NUMBER (where applicable) U_29474257

DISSERTATION/THESIS SUBMITTED FOR PhD

ANIMAL SPECIES/SAMPLES Bovine

NUMBER OF ANIMALS 304

Approval period to use animals for research/testing purposes July 2018 - July 2019

SUPERVISOR Prof. H van Heerden

KINDLY NOTE:

Should there be a change in the species or number of animal/s required, or the experimental procedure/s -
please submit an amendment form to the UP Animal Ethics Committee for approval before commencing with the
experiment

Conditions: The AEC has noted that this project will be completed in a facility outside of South Africa. Since
the AEC has not inspected the facility, please note that we cannot comment on the quality of the facility
other than what was provided in the study questionnaire

APPROVED (With condition) Date 28 August 2018

r’/
CHAIRMAN: UP Animal Ethics Committee Signature !(/" )
 Condition: Blood to be collected only aftéf sla‘ughter {pbsﬂt'morytenﬁ) :

$4285-15
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Appendix 6: Extension of ethical approval

i

UNEVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA ) .
YUNIBESITHI YA PRETORIA Faculty of Veterinary Science

Animal Ethics Committee
5 March 2020

Approval Certificate
Annual Renewal (Ext1)

AEC Reference No.: V055-18

Title: Epidemiology and characterisation of Brucella species from bovine
tissues in Namibia

Researcher: Dr O Madzingira

Student’s Supervisor: Prof H van Heerden

Dear Dr O Madzingira,

The Annual Renewal as supported by documents received between 2019-12-10 and 2020-02-24 for
your research, was approved by the Animal Ethics Committee on its quorate meeting of 2020-02-24.

Please note the following about your ethics approval:
1. The use of species is approved:
Species and Samples Number Available q
Cattle 304
2. Ethics Approval is valid for 1 year and needs to be renewed annually by 2021-03-05.

3. Please remember to use your protocol number (V055-18) on any documents or
correspondence with the AEC regarding your research.

4. Please note that the AEC may ask further questions, seek additional information, require
further modification, monitor the conduct of your research, or suspend or withdraw ethics
approval.

Ethics approval is subject to the following:

= The ethics approval is conditional on the research being conducted as stipulated by the details
of all documents submitted to the Committee. In the event that a further need arises to change
who the investigators are, the methods or any other aspect, such changes must be submitted
as an Amendment for approval by the Committee.

We wish you the best with your research.
Yours sincerely

o,
Prof ¥'Naidoo
EFI IRMAN: UP-Animal Ethics Committee

Raoom 6-13, Amold Theiler Buildi , Qnderstspaort z

Private Bag X04, Qndexsr.e;m3?1 0, South Africa Fakulteit Veeanseny‘kunde
Tel +27 12 520 3483 Lefapha la Diseanse t3a Bongakadiruiwa
Fax +27 12 529 8321

Email aec@up ac za
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Appendix 7: Extension of ethical approval

=

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA ) '
YUNIBESITHI YA PRETORIA Faculty of Veterinary Science

Animal Ethics Committee

6 July 2020
Approval Certificate
New Application
AEC Reference No.: REC056-20
Title: Epidemiology and characterisation of Brucella species from bovine
tissues
Researcher: Dr O Madzingira
Student's Supervisor: Prof Hvan Heerden
Dear Dr O Madzingira,

The New Application as supported by documents received between 2020-05-23 and 2020-07-03 for
your research, was approved by the Animal Ethics Committee on its quorate meeting of 2020-07-03.
Please note the following about your ethics approval:

1. The use of species is approved:

Species Number

Cattle 304 (V055-18 previous)
Samples

Lymph nodes 304 (V055-18)

Serum 304 (V055-18)

Spleen 304 (V055-18)

Whole blood EDTA 304 (V055-18)

2. Ethics Approval is valid for 1 year and needs to be renewed annually by 2021-07-06.

3. Please remember to use your protocol number (REC056-20) on any documents or
correspondence with the AEC regarding your research.

4. Please note that the AEC may ask further questions, seek additional information, require
further modification, monitor the conduct of your research, or suspend or withdraw ethics
approval.

Ethics approval is subject to the following:

« The ethics approval is conditional on the research being conducted as stipulated by the details
of all documents submitted to the Committee. In the event that a further need arises to change
who the investigators are, the methods or any other aspect, such changes must be submitted
as an Amendment for approval by the Committee.

We wish you the best with your research.
Yours sincerely

P aidoo
CHAIRMAN: UP-Animal Ethics Committee

Room 6-13, Amold Theiler Building, Qndesstzanos Fakulteit Veeartsenykunde

Private Bag X04, Qnderstepoort 0110, South Africa . s o
Tel +27 12 529 3483 Lefapha la Diseanse t3a Bongakadiruiwa

Fax +27 12 529 8321
Email aec@up ac za
WWW.UD 8¢ .Za
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Appendix 8: REC approval 1

A~ 4

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA 7 2
YUNIBESITHI YA PRETORIA Faculty of Veterinary Science

Research Ethics Committee 12 June 2020

CONDITIONALLY APPROVAL

Ethics Reference No REC056-20

Protocol Title Epidemiology and characterisation of Brucella species from bovine
tissues

Principal Investigator Dr O Madzingira

Supervisors Prof H van Heerden

Dear Dr O Madzingira,

We are pleased to inform you that your submission has been conditionally approved by the Faculty of Veterinary
Sciences Research Ethics committee, subject to other relevant approvals.

Please note the following about your ethics approval:

1.

2.

3

Please use your reference number (REC056-20) on any documents or correspondence with the Research
Ethics Committee regarding your research.

Please note that the Research Ethics Committee may ask further questions, seek additional information,
require further modification, monitor the conduct of your research, or suspend or withdraw ethics approval.
Please note that ethical approval is granted for the duration of the research as stipulated in the original
application for post graduate studies (e.g. Honours studies: 1 year, Masters studies: two years, and PhD
studies: three years) and should be extended when the approval period lapses.

The digital archiving of data is a requirement of the University of Pretoria. The data should be accessible in
the event of an enquiry or further analysis of the data.

Ethics approval is subject to the following:

1.

The ethics approval is conditional on the research being conducted as stipulated by the details of all
documents submitted to the Committee. In the event that a further need arises to change who the
investigators are, the methods or any other aspect, such changes must be submitted as an Amendment for
approval by the Committee.

Applications using Animals: FVS ethics recommendation does not imply that AEC approval is granted. The
application has been pre-screened and recommended for review by the AEC. Research may not proceed until
AEC approval is granted.

NOTES: Conditionally approved. This application was submitted retrospectively; it was conducted with AEC approval
only (V055-18).

We wish you the best with your research.

Yours sincerely

V@DSUH U

PROF M. OOSTHUIZEN
Chairperson: Research Ethics Committee

1ICC

YEARS

Room 6-8, Amold Theiler Building
University of Pretoria, Faculty of Veterinary Science Faculty of Veterinary Science
Private Bag X04. Onderstepoort, 0110, South Africa Fakulteit Veeartsenykunde

Tel +27 (0)12 529 8380
Email marie watson-kriek@up.ac.za

Lefapha la Disaense tSa Bongakadiruiwa

WWW.up.ac.za
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Appendix 9: REC approval 2

4
Faculty of Humanities
Fakulteit Geesteswetenskappe A vy
us n‘ RSITEIT ':l\ EPE-IOHIA
YUNIBESITHI YA PRETORIA
12 August 2020
Dear Dr O Madzingira
Project Title: Epidemiology and characterisation of Brucella species from bovine tissues
Researcher: Dr O Madzingira
Supervisor(s): Prof H van Heerden
Department: External department
Reference number: 29474257 (HUMO026/0620)
Degree: Doctoral

| have pleasure in informing you that the above application was approved by the Research Ethics Committee on 30
July 2020. Data collection may therefore commence.

Please note that this approval is based on the assumption that the research will be carried out along the lines laid out
in the proposal. Should the actual research depart significantly from the proposed research, it will be necessary to
apply for a new research approval and ethical clearance.

We wish you success with the project.

Sincerely,

ﬁ;\p .
- LlLv—:\ by
-\—'—
Prof Innocent Pikirayi
Deputy Dean: Postgraduate Studies and Research Ethics
Faculty of Humanities
UNIVERSITY OF PRETORIA
e-mail: PGHumanities@up.ac.za

Fakulteit Geesteswetenskappe

Lefapha la Bomeo the

Research Ethics Committee Members: Prof | Pikirayi (Deputy Dean); Prof KL Harris; Mr A Bizos, Dr A-M de Beer, Dr A dos Santos;
Ms KT Govinder Andrew;..Dr P Gutura; Dr E Johnson; Prof D Maree; Mr A Mohamed; Dr | Noamé; Dr C Puttergill; Prof D Reyburm;
Prof M Sogt; Prof E Taljard; Prof V Thebe; Ms B Tsehe: Ms D Mokalapa
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Appendix 10: Section 20 authorisation

L agriculture,
forestry & fisheries

Department:
Agriculture, Forestry and Fisheries
REPUBLIC OF SOUTH AFRICA

Directorate Animal Health, Department of Agriculture, Forestry and Fisheries
Private Bag X138, Pretoria 0001

Enquiries:  Mr Herry Gololo * Tel: +27 12 319 7532 « Fax: +27 12 319 7470 « E-mail: HerryG@daff.gov.za
Reference: 12/11/1/1/6 (905)

Dr Oscar Madzingira

Katima Mulilo Campus

University of Namibia

Namibia
Tel: 012 529 8265
E-mail: Henriette.vanheerden@up.ac.za; omadzingira@unam.na

Dear Dr Madzingira,

RE: PERMISSION TO DO RESEARCH IN TERMS OF SECTION 20 OF THE ANIMAL
DISEASES ACT, 1984 (ACT NO. 35 OF 1984)

Your application sent with the email on 21 September 2018 requesting permission under
Section 20 of the Animal Disease Act, 1984 (Act No. 35 of 1984) to perform a research
project or study, refers. | am pleased to inform you that permission is hereby granted to

perform the following study, with the following conditions:

Conditions:

1

This permission does not relieve the researcher of any responsibility which may be
placed on him by any other act of the Republic of South Africa;

The study is approved as per the application form received on 21 September 2018
and the correspondence thereafter. Written permission from the Director: Animal
Health must be obtained prior to any deviation from the conditions approved for this
study under this Section 20 permit. Please apply in writing to HerryG@daff.gov.za;

Sampling may only be conducted with relevant authorisation of the Namibian
Veterinary Services as indicated and may only originate from farms/ areas that are
not under relevant veterinary restriction. Samples may be collected only from
Namibian cattle that originate from the areas recognised as FMD, CBPP and PPR
free by the OIE. As indicated during the application process, only bovine samples
collected at the specified abattoir will be utilised and may include blood and organ
samples (lymph-nodes, liver, lung, spleen) as indicated;
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4. A veterinary import permit must be obtained prior to importation of specified samples
and all conditions stated therein must duly be met. Samples include serum, organ
samples and extracted DNA from brucellosis positive cattle to be sent to the DVTD
BSL2+ laboratory of the University of Pretoria as specified in the section 20
application process;

5. A veterinary health certificate must accompany the veterinary import permit,
whereby the Namibian Veterinary Authority attest that the samples originate from the
species and area as specified in the Veterinary Services letter;

6. Samples are to be packed at the Namibian Central Veterinary Laboratory and
imported from Namibia via OR Tambo International Airport. All samples must be
packaged and transported in accordance with International Air Transport Association
(IATA) requirements and the National Road Traffic Act, 1996 (Act No. 93 of 1996);

7. Culturing of tissue samples may be conducted at the BSL2+ laboratory of the DVTD,
molecular testing of extracted DNA samples may be conducted at the BSL1
laboratory of the DVTD and samples may be sent to the OVR for biotyping
(confirmatory testing) of cultures;

8. All potentially infectious material utilised, collected or generated during the study is
to be destroyed at the completion of the study. Records must be kept for five years
for auditing purposes;

9. If required, an application for an extension must be made by the responsible
researcher at least one month prior to the expiry of this Section 20 approval;

10. A dispensation for the storage of samples as specified during the Section 20
application process is attached.

Title of research/study: “Epidemiology and characterisation of Brucella species from bovine
tissues in Namibia”.

Researcher: Dr Oscar Madzingira

Institution: Department of Veterinary Tropical Diseases, Faculty of Veterinary Science,
University of Pretoria, in collaboration with University of Namibia, Central Veterinary
Laboratory of Namibia and the Namibian government.

Our ref Number: 12/11/1/1/6 (905)

Your ref: V055/18

Expiry date: December 2021

Kind regards,

A (o

DIRECTOR OF ANIMAL HEALTH
Date: 2018 -11- 02

SUBJECT: PERMISSION TO DO RESEARCH IN TERMS OF SECTION 20 OF THE ANIMAL DISEASES
ACT, 1984 (ACT NO. 35 OF 1984)
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