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Background and Introduction

Human brucellosis, a neglected zoonotic disease of global public health importance,
can be prevented by controlling the disease in livestock hosts. In South Africa (SA) there has
been an increasing number of reported bovine brucellosis outbreaks with a concomitant lack

of increasing numbers of human brucellosis cases.
Objective and aim

The objective of study was to determine the risk factors of bovine brucellosis as well
as the epidemiology of brucellosis in cattle handlers and veterinary field officials working at
the human-cattle-farm interface in Gauteng province, by undertaking an interdisciplinary field
investigation under the precept of “One Health”. We aimed to understand the increase of
reported numbers of bovine brucellosis outbreaks and concomitant lack of increasing numbers

of human brucellosis cases.
Method

A narrative review of South African literature on brucellosis was firstly conducted. We
then analysed a dataset of bovine brucellosis laboratory test results from 2013-2018. A case-
control study was conducted to identify herd management risk factors and symptoms of bovine
brucellosis in the province. All herds in Gauteng that participated in the programme between
2014-2016 were eligible for this study. Farms were categorised as either case—when two or



more cattle tested seropositive, or control, following routine regulatory screening using the
Rose Bengal test (RBT), and confirmation of reactors with the complement fixation (CFT) test.
Finally, a cross-sectional study of cattle handlers on case farms were tested for brucellosis
using four commercially available serological tests: the RBT and IgM ELISA, the IgG ELISA,
and an immunocapture agglutination (BrucellaCapt) test. A subset of cattle handlers on control
farms and veterinary officials from the three State Vet Areas of the province were also tested.
Seroprevalence was measured according to each test. Furthermore, seroprevalence is reported
for five mutually exclusive combinations of test results, indicative of infection evolution from
short to long, in this group of persons. These combinations were: (i) RBT positive AND IgM
ELISA positive AND IgG ELISA negative, (ii) RBT negative AND IgM ELISA positive AND
IgG ELISA positive, (iii) RBT positive AND IgM ELISA positive AND 1gG ELISA positive,
(iv) RBT positive AND IgM ELISA negative AND IgG ELISA positive, and (v) RBT negative
AND IgM ELISA negative AND I1gG ELISA positive. Seropositive reactors on the
BrucellaCapt test were allocated to the group defined by the outcomes of the RBT, IgM ELISA
and IgG ELISA. Risk factors and symptoms associated with infection of short and long
evolution as well as inactive/resolved infection or exposure were explored using univariate and
multi-level multivariable logistic regression. Knowledge of brucellosis and health seeking

response to brucellosis-like symptoms in this group were also described.
Results

From 1928-2016, 32 articles were published on human or bovine brucellosis in SA.
Bovine brucellosis outbreaks were detected from 1906 in the Johannesburg area of SA and the
first case of human brucellosis, reported in 1924, was caused by B. abortus. Since 1959, only
one further serological survey in people, conducted in 2001 was reported. The cattle prevalence
for bovine brucellosis reported, decreased from 19.6% in 1934 to 5.6% in 1980. In 1990, the
national herd prevalence was reported to be 14.7%. Since 1990, there has been no further report

on a national or provincial estimate of herd or cattle prevalence for bovine brucellosis.

Analysis of bovine brucellosis laboratory test reports from 2013-2018, for Gauteng
province, revealed no significant change in prevalence of Brucella reactor herds (mean=22.1%)
or within-herd seroprevalence (mean=7.4%). However, Randfontein and Germiston State Vet
Areas had significantly (p<0.05) higher odds of reactor herds than the Pretoria State Vet Area.
Reactor herds were also associated with increased herd size (p<0.001). Additionally,

Germiston and Randfontein both had within-herd prevalence count ratios 1.5 times greater than



the Pretoria State Vet Area (p<0.001) and larger herd sizes were associated with lower within-

herd prevalence (p<0.001).

Herd management factors associated (p<0.05) with being a Brucella infected herd
were: being a government-sponsored farm, beef vs. dairy herd, open vs closed herd and the
presence of antelope on the farm. Seroprevalence amongst farm workers on case farms (n=30
farms) ranged from 4.0% (BrucellaCapt) to 16.7% (IgG ELISA), compared to control farms
(n=11 farms), where this seroprevalence ranged from 1.9% (BrucellaCapt) to 5.7% (lgG
ELISA). Overall, 5.7% (13/230) of persons tested were seropositive to the RBT and IgM
ELISA and 1gG ELISA tests and 3.9% (9/230) were seropositive to all four serological tests.
Farm workers on control farms presented with antibody profiles of short to longer evolution,
compared to a more spread-out profile of infection evolution amongst farm workers on control
farms. The difference in seroprevalence amongst farm workers between case and control farms
for all the test combinations was not significant. However, seroprevalence amongst veterinary
officials was significantly greater compared to farm workers on case farm for the RBT+ IgM-
IgG+ outcome (OR=11.1, 95% CI: 2.5 —49.9, p=0.002) and for the RBT- IgM- IgG+ outcome
(OR=6.3, 95%Cl: 2.3-17.3, p<0.001).

Univariate analysis of symptoms associated with infection of short evolution (RBT,
IgM and IgG ELISA seropositive), long evolution (IgM ELISA seronegative and RBT and IgG
ELISA seropositive) and inactive/resolved infection or exposure (RBT and IgM seronegative
and 1gG seropositive), showed weak evidence of an association between reported generalized
aching and infection of short duration (OR=4.8, 95%CI: 0.4-27.9, p=0.103), and strong
evidence for an association between reported joint pain and infection of long duration (OR=5.1,
95%Cl: 0.9-33.3, p=0.030). Mixed effects multivariable logistic models fit to identify risk
factors associated with infection of short evolution (RBT, IgM ELISA and 1gG ELISA
seropositive), long evolution (RBT and IgG ELISA seropositive and IgM seronegative) and for
likely inactive or resolved infection (RBT and IgM ELISA seronegative and 1gG ELISA
seropositive) identified an association between the handling of afterbirth or placenta (OR=8.9,
95% CI: 1.0-81.1, p=0.052) and strong evidence for an association between slaughter of cattle
(OR=5.3, 95% CI: 1.4-19.6, p=0.013) and infection of a short evolution. Evidence of a weak
association was found between infections of a long evolution and veterinary officials compared
to farm workers exposed to seropositive herds (OR=4.1, 95%CI: 0.2-8.1, p=0.049). However,
there was strong evidence of an association between inactive/resolved infection or exposure

and veterinary officials compared to those exposed to seropositive herds (OR=7.0, 95%Cl: 2.4-

Vi



20.2, p<0.001), whilst handling of afterbirth or placenta was associated with non-reactors in
this group (OR=3.9, 95%CIl: 1.3-11.3, p=0.012).

Only 20.7% (42/203) of cattle handlers knew that B. abortus can cause abortions in
cattle, can cause calves to be born weak and can also be in a herd without causing abortions.
Furthermore, whilst 36.9% (75/203) knew that bovine brucellosis can cause disease in people,
only 16.3% (33/203) reported knowing the human symptoms of disease. In contrast 63%
(17/27) of veterinary officials knew the symptoms of bovine brucellosis and 100% knew it to
be a zoonotic disease, but only 89% (24/27) knew the symptoms of human disease. Despite
having greater awareness of the zoonotic nature of bovine brucellosis and human symptoms of
the disease, only 22.2% (6/27) of veterinary officials would opt to visit a clinic, doctor or
hospital in response to self-experienced brucellosis like symptoms, compared to 74.9%
(152/203) of cattle handlers (p < 0.001). Furthermore, 53% (8/15) of BrucellaCapt seropositive
persons reported to either pray, self-medicate or ignore brucellosis like symptoms experienced
instead of visiting a clinic, doctor or hospital. This may indicate a proportion of undetected and

untreated clinical cases of brucellosis amongst this group.
Conclusion

Human brucellosis has been a public health concern in SA from as early as 1924.
Analysis of laboratory test reports for bovine brucellosis between 2013-2018, indicated no
progression toward eliminating the disease from cattle herds in the province. The presence of
significant risk factors and symptoms associated with infection of short and long evolution and
poor health seeking behaviour in response to brucellosis-like symptoms among farm workers
and veterinary officials with these antibody profiles, strongly suggest the presence of

undetected cases of human brucellosis on cattle farms.

This study provides a methodology for exploring the epidemiology of brucellosis at the
human-cattle-farm interface from a One Health perspective. Variables associated with
seropositivity in cattle handlers and Brucella infected cattle herds in this study suggest a
complex interaction of human, herd, socio-economic, epidemiological, and sub-national
disease regulatory systems. We recommend a systems-thinking approach and use of the One
Health model to better manage this identified complexity to reduce bovine brucellosis and

prevent human brucellosis in South Africa.
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Chapter One: General Introduction

This chapter gives an overview of the global prioritization of brucellosis followed by
short review of Brucella spp. and the importance of B. abortus. Lastly, the recent advocacy
for a One Health approach to brucellosis control is highlighted. A background to the current

study is then provided followed by a brief overview of each chapter of the thesis.

Global public health importance of brucellosis

Since 1948, global organised momentum to achieve public health has been informed
by member states of the World Health Organisation (WHQO). More recently, the twelve
Millennium Development Goals (MDGs) followed by the United Nations Sustainable
Development Goals (SDGs) (https://www.sdgfund.org/mdgs-sdgs) have been agreed on to
direct progression of global health. The shift from the MDGs to the SDGs takes into
consideration the inter relatedness of human, animal and environmental health and the
importance of these dynamic relationships to achieving the SDGs (Bangert et al., 2017). The
goal of “good health and wellbeing”, SDG 3, has nine targets indicators. Of these, Target 3,
stated as “End the epidemics of AIDS, tuberculosis, malaria, and neglected tropical diseases
and combat hepatitis, water-borne diseases, and other communicable diseases” (Bangert et al.,

2017), has direct relevance to the control of brucellosis, a bacterial zoonotic disease.

Brucellosis was considered to be of global health and economic concern by the WHO
since 1948, because of its association with human suffering, decreasing ability to work, and
decreased production in the affected host livestock population (Mableson et al., 2014).
Brucellosis was categorized as a neglected zoonotic tropical diseases (WHO, 2005) and more
recently reclassified as a “forgotten neglected zoonotic tropical disease” after it was removed,
along with tuberculosis and anthrax, from the original eight zoonotic diseases of the seventeen
prioritized neglected tropical diseases identified in World Health Assembly (WHA) Resolution
WHAG66.12 of the WHO in 2013 (Mableson et al., 2014, WHO, 2014). This change in
definition, was due to the deficiency of “tools” that, according to the WHO, are necessary for
better control methods (Mableson et al., 2014). However, it should be noted that in the original

WHO report (WHO, 2007), no explanation was given to justify why existing tools are deficient.

Despite the global shift in prioritization of brucellosis, the true incidence and burden of

the disease is unknown but low and middle income countries are more affected than to



developed countries (McDermott et al., 2013). The disease has been associated with poverty in
Africa, and is suggested to be a barrier to socio-economic development on the continent (Grace
etal., 2012). Franc et al. (2018) argue further that the economic and public health repercussions
of brucellosis present barriers to achieving the SDGs. Little is known about brucellosis in
humans in Africa (Pappas et al., 2006b, Dean et al., 2012b, Rubach et al., 2013, Boukary et al.,
2014, WHO, 2014, Ducrotoy et al., 2017) and country data on human brucellosis in sub-
Saharan Africa is sparse (Dean et al., 2012b, Ducrotoy et al., 2017, Ducrotoy et al., 2014). This
includes South Africa (SA), where currently there is a noticeable gap in the literature reporting

on the prevalence of human brucellosis in the country (Wojno et al., 2016).

Brucella and the evolutionary importance of B. abortus

Brucellosis is a zoonotic disease caused by Gram negative facultative intracellular
bacteria of the genus Brucella. These bacteria are known for their ability to infect both
phagocytic and non-phagocytic cells, and for expressing virulence elements that trigger a
redirection of intracellular trafficking to the endoplasmic reticulum, where lysosome fusion is
evaded allowing for intracellular reproduction occurs, expansion and transmission of the
bacteria to other host cells (Doganay and Aygen, 2003). The smooth lipopolysaccharide
coating of the bacteria play a critical role in evading the immune response and may be involved
in inhibiting the programmed cell death of the host cell (Franco et al., 2007a). These bacterial

survival mechanisms can therefore result in chronic infection in hosts.

Despite ongoing controversy on the taxonomy of Brucella spp. bacteria considered to
be within this group can be classified as zoonotic or non-zoonotic (Moreno, 2021). Each of the
species reported to cause human disease is associated with a preferred host or reservoir (Al
Dahouk et al., 2013, Suarez-Esquivel et al., 2017) (

Table 1.1).

Table 1.1: Zoonotic Brucella species host preference (adapted from Al Dahouk, 2013)

Brucella species Biovars Animal Host
B. abortus 1-7,9 Cattle, Camel, Bison, Buffalo, EIk, Yak
B. melitensis 1-3 Sheep, Goats, Cattle, Camel
B. suis 1,34 Horses, Pigs, Wild boars, Caribou, Reindeer




It has been estimated that human infection with Brucella requires exposure to as few as
10 — 100 bacteria (Kaden et al., 2018, Kahl-McDonagh et al., 2007), although no explanation
IS given as to how this infectious dose was determined or the variation in infectious dose
between different Brucella species. Despite this missing evidence, Brucella is recognised as
“moderately easy to disseminate; resulting in moderate morbidity rates and low mortality rates;
and requiring specific enhancements of Centre of Disease Control’s diagnostic capacity and
enhanced disease surveillance” (CDC, 2021). Brucella species are therefore classified as a
Class B terrorist agents (CDC, 2021). B. abortus was found to have an infective dose less than
that of B. melitensis, which resulted in chronic infections in challenge studies using BALB/c
mice, as compared to B. melitensis infection which cleared more rapidly (Kahl-McDonagh et
al., 2007).

B. abortus is the second most common known cause of human brucellosis, after B.
melitensis (OIE, 1987, OIE, 2008a). It is a non-sporulating, non-encapsulated, facultative
intracellular coccus, coccobacillus or short rod that causes bovine brucellosis, a highly
contagious disease of cattle (OIE, 2008b). In cattle, infection results in reproductive disorders
such as abortions in the third trimester, retained placenta, epididymitis, orchitis and sometimes
arthritis. The bacteria are shed in the milk or uterine discharges (OIE, 1987). Herd symptoms
vary across breeding systems and management (Ducrotoy et al., 2017) and usually detected as
weak or still born calves, a drop in milk production, extended inter-calving periods, sterility in
bulls and hygromas, or abortion storms in naive animals introduced into an infected herd,
resulting in significant production losses to the farmer (Crawford and Hidalgo, 1977, Crawford,
1990, Akakpo et al., 2010). To counteract the spread and lower the rate of infection in herds,
two live attenuated vaccine strains have been registered for use in cattle (S19 and RB51). (OIE,
2016). Transmission to humans can occur directly with exposure to infected reproductive
material or indirectly through the consumption of infected unpasteurized dairy products
(Doganay and Aygen, 2003, Corbel et. al., 2006), accidental inoculation with the vaccine (OIE,
2016), laboratory exposure during culture and isolation of the bacteria (Corbel et. al., 2006), or
through a covert act of biological warfare aimed at long term disability in the victims and social

disruption in the long term (Pappas et al., 2006a).

Recent literature report the incubation period for brucellosis in people to range from
one to five weeks (Doganay and Aygen, 2003), however, incubation time for B. abortus has
been documented to vary from 1 week to 7 months (Spink, 1956) or longer (Dalrymple-

Champneys, 1960). Human brucellosis has been categorised as asymptomatic or symptomatic,



with an acute or insidious onset (Doganay and Aygen, 2003). However, despite these categories
and various recent attempts to classify the disease as “acute”, “subacute” or “chronic”,
according to duration, severity of symptoms or the presence of biomarkers (Dean et al., 2012a),
the distinction between acute and chronic disease is arbitrary and varies across the literature
(Young, 1995). Brucellosis can have a short evolution or long evolution, with or without
complications. In most cases patients present with fever which may be accompanied by
malaise, anorexia, extreme physical weakness, or emotional exhaustion. If not correctly treated,
may persist for weeks or months, sometimes resembling the “chronic fatigue syndrome”, with
psychological sequelae (Corbel et. al., 2006). The disease can affect any organ system, with
hepatomegaly and splenomegaly being common findings. Clinical signs, although non-
specific, include relapsing fevers, chills, sweating, joint pain and depression, (Glynn, 2008).
Complications include sacroiliitis, orchitis, epididymitis, neurobrucellosis, and endocarditis
which may result in death (Dean et al., 2012a).

There is no vaccine for humans to prevent infection, but the disease, if detected can be
treated with a combination of antibiotics (Glynn, 2008), taking into consideration that vaccine
RB51 is rifampicin-resistant strain and vaccine Rev 1 is streptomycin-resistant (OIE, 2016).
A combination of a course of antibiotics prescribed by a medical doctor is needed over a
duration of at least six weeks. Relapses are common with inappropriate treatment or with late
initiation of treatment (Franco et al., 2007b). Untreated cases of brucellosis result in a
complicated disease and subsequent loss of life years from persistent disability and time lost
from daily activities (Dean et al., 2012a, Madkour, 2012, Glynn, 2008). The disability weight
for brucellosis has been estimated to be 0.2 (Roth et al., 2003) and later proposed to be 0.150
for “chronic” brucellosis and 0.190 for “acute” brucellosis (Dean et al., 2012a). More
recently in a WHO report of estimates for the global burden of foodborne diseases,
brucellosis was reported to have a disability weight ranging from 0.079 to 0.2 for various
manifestations of the disease (WHO, 2015). These disability weights are in the same range as
disability resulting from diseases such as anaemia as a consequence of malaria or
schistosomiasis (GHDx, 2017).



Historical aspects of bovine brucellosis as a zoonotic disease and the

emergence of national eradication programmes

B. abortus was first discovered in 1897, by Bernhard L.F. Bang, a Danish veterinarian
(MacNeal and Kerr, 1910). He identified and named the causative intracellular bacillus,
Bacillus abortus (Evans, 1947, Madkour, 2012, MacNeal and Kerr, 1910). The disease in
cattle was known as Bang’s disease but commonly referred to as ‘contagious abortion’
(Crawford and Hidalgo, 1977, Bishop, 1994). For a period the disease was of interest only to
the veterinary profession, dairy farmers and meat producers (Madkour, 2012). Interest was
mainly due to economic losses resulting from the disease, accumulated through increases in
cow infertility, abortions, weak calves (Crawford and Hidalgo, 1977, Anon, 1943, Crawford,
1990), death of term-calves, the birth and subsequent death of calves within the first week, a
drop in milk production in the first year and resultant reduction in weight gain of calves born
(Crawford, 1990, Olsen and Tatum, 2010).

Then, in 1918, twenty one years after Bang’s discovery, Alice Evans identified the
microbiological relatedness of Micrococcus melitensis, the causative agent of Undulant Fever
in British soldiers stationed on Malta Island, and Bacillus abortus, as both being bacilli and
eliciting the same response to the serological agglutination test (Evans, 1918). She identified
Bacillus abortus in cow’s milk and suggested the possibility of zoonotic disease, as was the
case in Malta, where Micrococcus melitensis, in goats was transmitted to the soldiers through
the consumption of unpasteurized milk from these goats (Evans, 1947). She proposed the
reclassification of Micrococcus melitensis and Bacillus abortus, as Bacterium micrococcus and
Bacterium abortus, respectively and suggested the new name of ‘Brucellosis’ for Malta Fever,
after Dr David Bruce who had identified Micrococcus melitensis as the cause of ‘Malta Fever’
on 26" December 1886 (Madkour, 2012, Wyatt, 2009). The genus Bacterium was changed
again two years later, by Meyer and Shaw, to Brucella (Moreno, 2021). The clinical connection
between Contagious Abortion and Undulant Fever soon followed, with several authors
isolating B. abortus from human cases. Amongst these was J.T. Duncan (Duncan, 1924,
Duncan, 1928), of the London School of Hygiene and Tropical Medicine, who isolated B.
abortus, from the blood of a patient returning from Southern Africa in 1924. This was eighteen
years after the first reported case of bovine brucellosis in SA in 1906 (Henning, 1949,
Drimmelen, 1949).

Global evidence of the zoonotic and economic importance of bovine brucellosis

resulted in national bovine brucellosis eradication schemes emerging (Crawford and Hidalgo,



1977, Evans, 1947, OIE, 2008a), as a means of preventing human brucellosis and supporting
optimal herd production. SA was amongst those countries that initiated a national bovine
brucellosis eradication scheme, supported by legislation and regulated by veterinary state
services in response to the economic and zoonotic threat of the disease in cattle (Bosman, 1980,
Drimmelen, 1949, OIE, 1987).

Such schemes at the time were being successfully implemented in developed countries,
and relied on a well-coordinated and managed programme to determine the level and
distribution of brucellosis, and to reduce cattle and herd infection levels through vaccination
with strain 19 and subsequent cattle test and slaughter programmes (Alton, 1977, Becton, 1977,
Cunningham, 1977, McKeown, 1977, Michael, 1977, Morgan, 1977). Since the inception of
bovine brucellosis eradication schemes, the USA (Olsen and Tatum, 2010), Sweden, Finland,
Denmark, the United Kingdom (excluding Northern Ireland), Germany, Luxembourg,
Belgium, Netherlands, Austria, Switzerland, Norway, France (Pappas et al., 2006b), Malta
(Wyatt, 2013) and Australia (DOA, 2019) have achieved a bovine brucellosis-free status. This
is not the situation in low and middle income countries or developing countries (Arturo del
Rio, 1977, Aznar et al., 2014, DAFF, 2016, Mohan et al., 1996, OIE, 1987), where brucellosis
in livestock is endemic and human brucellosis persists as a neglected zoonotic disease
(McDermott et al., 2013, Rubach et al., 2013). SA is currently amongst countries considered
to be endemic for brucellosis, despite having a national bovine brucellosis eradication
programme since 1979 (Bosman, 1980).

Advocacy for a One Health approach to the complexity of bovine

brucellosis surveillance and control

A growing body of recent literature has drawn attention to the role of complexity in the
failure or ineffectiveness of neglected zoonotic tropical disease control programmes
(Berezowski et al., 2019, Pearce and Merletti, 2006, Peters, 2014, Scott and Hofmeyer, 2007,
Waltner-Toews, 2001). Complexity has been described to be a result of “inter-relationship,
inter-action and inter-connectivity of elements within a system and between a system and its
environment” by Chan et al. (2001) and is recognised to be a feature of complex adaptive
systems (Chan, 2001), where a system is defined, according to the Oxford English Dictionary
as, “a set of things working together as parts of a mechanism or an interconnecting network; a

complex whole”.



One Health is a recent re-emergent understanding of the inter-connectivity, inter-
relationship and inter-action of human, animal and ecosystem components, forming a system
of health or disease. Riiegg et al. (2017) considers health from the perspective of the One Health
framework, to be an effect of complex biological and social system interrelatedness involving
the interaction of multiple actors and processes over time, at local, national and global levels
(Ruegg et al., 2017). This framework forms the basis of global advocacy to promote the
collaborative efforts between the medical and veterinary disciplines to prevent and control
endemic and emerging brucellosis (Bardosh, 2016, Godfroid et al., 2013, Godfroid et al., 2011,
Plumb et al., 2013, Zinsstag et al., 2005, Zinsstag et al., 2011). The economic benefit of this
approach to reduce human disease has been studied in Mongolia (Roth et al., 2003, Zinsstag et
al., 2007) and is further evident from multiple WHO reports highlighting that the One Health
approach might control brucellosis in Africa alleviating poverty (WHO, 2012, WHO, 2014,
WHO, 2005) and helping to progress toward sustainable development (WHO, 2017). However,
despite the recognition of the complexity related to controlling brucellosis and the acceptance
of One Health as a possible approach to brucellosis in Africa, no One Health study of
brucellosis has been conducted in SA.

Background to study

In contrast to countries that have successfully implemented bovine brucellosis
eradication programmes, bovine brucellosis in SA remains unresolved. This is despite the
introduction of B. abortus Strain 19 and RB51 into the country for vaccination of cattle in 1970
and 2002 respectively (Bosman, 1980, Davey, 2014, Frean et al., 2018). Furthermore, bovine
brucellosis was listed as a controlled animal disease in the Regulations of the Animal Disease
Act 35 of 1984 (Republic of South Africa, 1984) and the Bovine Brucellosis Scheme (Republic
of South Africa, 1988) was gazetted in December 1988 (Republic of South Africa, 1988) to
promote the eradication of bovine brucellosis for the improvement of human and animal health.

The national bovine brucellosis eradication scheme, operational since 1980 (DAFF,
2016) followed a similar approach as that of successful bovine brucellosis eradication
programmes in countries now declared bovine brucellosis free (DOA, 2019, Becton, 1977,
Brinley Morgan and Richards, 1974, Fritsohi, 1964, McKeown, 1977, Michael, 1977, Morgan,
1977, Thomsen, 1957). Yet, despite the existence of the scheme, an increasing number of
outbreaks have been reported in SA, with more than 250 (range: 263-416) a year since 2003,
and 78 outbreaks reported in the first two months of 2014 (Davey, 2014). Moreover, an



increasing trend of bovine brucellosis in the country has been reported by the National
Department of Agriculture, Forestry and Fisheries Veterinary Services, to have begun with the
decentralization of the bovine brucellosis control programme from national to provincial
management in 1994 (DAFF, 2016). However, to date no study has been conducted to identify

herd management risk factors associated with bovine brucellosis in the country.

Furthermore, recent published medical literature on human brucellosis in SA,
suggested that B. abortus and not B. melitensis, was the most common cause of the disease
(Frean et al., 2018). Attention has also been drawn to the lack of recent studies on the estimated
burden of the disease (Frean et al., 2019) and the level of misdiagnosis, under-detection and
under-reporting of human brucellosis cases in SA (Wojno et al., 2016). These papers emphasize
that human brucellosis is still a disease of concern in the country and seem to suggest that the
solution is a revision of the existing bovine brucellosis regulatory, control and eradication
policy for the successful prevention of human disease (Frean et al., 2019). However, these
papers do not provide a review of the clinical importance of human brucellosis in South Africa
in correlation to the epidemiology of bovine brucellosis in the country, nor is there a review of
the progression of veterinary regulatory control efforts in the cattle population and the effect

of this on the prevalence of human brucellosis in the country.

It is, however, accepted that human brucellosis cases are correlated with the presence
of disease in livestock, especially in those people that live in close contact or are occupationally
exposed to infected animals (Pappas et al., 2006b, Pappas, 2010, Ducrotoy et al., 2017). An
increase in the reported number of occupationally associated human brucellosis cases could
therefore be expected (Wojno et al., 2016), in light of the reported increasing prevalence of
bovine brucellosis (DAFF, 2016). Currently the level of exposure to Brucella and associated
risk factors, knowledge and health seeking behaviour, amongst cattle handlers, including
veterinary officials, in SA, is unknown, despite these occupational groups forming the critical

functional field component of the bovine brucellosis control system.

Recent published information on the spatial distribution of Brucella infected herds
indicates a clustering in the north-east of South Africa, in and around Gauteng province (Frean
etal., 2019, RUVASA, 2018a, RUVASA, 2018b, Pistorious, 2016). Yet, since 1994, there has
been no published report on the trend and spatial distribution trend of bovine brucellosis
reactors on cattle farms in any province, even though data have been routinely collected for
reporting purposes by provincial veterinary services for the duration of the programme. This is

despite literature consistently reporting that variation in the spatial distribution and prevalence



of livestock brucellosis in a region, country or provincial area has much to do with the
geographical and ecosystem features, including the presence of wildlife, that support different

types of livestock farming practises (Dean et al., 2012b, Godfroid, 2017, Pappas et al., 2006b).

Research problem
An increase of bovine brucellosis outbreaks in SA have been reported, yet this was not
accompanied by an increase of human brucellosis cases. In this study we consider four possible

explanations for this scenario.

Firstly, human brucellosis due to B. abortus from cattle has never been a medical
condition of concern in SA implying that an increase in bovine brucellosis outbreaks will not
lead to an increase in human brucellosis cases reported. This theory cannot be tested due to a
gap in recent SA literature on prevalence studies of human brucellosis in the country and no

recent review of the historical medical importance of brucellosis.

Secondly, fewer cases of human brucellosis may be explained by lower rates of
transmission to people, which would be plausible if there was a decrease in Brucella reactor
herds and reactor cattle within a herd. However, despite a national veterinary regulated bovine
brucellosis eradication scheme from 1979, there are no published reports on progress toward
disease eradication from any province in SA to test this hypothesis.

Thirdly, Brucella seropositivity amongst cattle handlers exposed to reactor herds could
be circumstantial evidence to suspect under detection or under reporting of human brucellosis
cases. However, no study has been conducted to rule out transmission of Brucella amongst

cattle handlers working on Brucella infected cattle farms in any province of SA.

Finally, the lack of increase in human cases may also be explained by infected cattle
handlers not presenting to a medical facility in response to brucellosis-like symptoms.
Currently there is no information on cattle handler knowledge of human and cattle symptoms

of brucellosis and health seeking responses to brucellosis-like symptoms amongst this group.

Overall objective, approach, aim and anticipated impact of the study
The overall objective of study was to determine the risk factors of bovine brucellosis
as well as the epidemiology of brucellosis in cattle handlers and veterinary field officials

working at the human-cattle-farm interface in Gauteng province, by undertaking an



interdisciplinary field investigation under the precept of “One Health”. We aimed to understand
the increase of reported numbers of bovine brucellosis outbreaks and concomitant lack of

increase of numbers of human brucellosis cases.

Findings from this study were intended to inform and support the revision of the
existing national bovine brucellosis control policy and assist the Gauteng veterinary service in
adopting a One Health approach to the provincial bovine brucellosis regulatory control

strategy.

To achieve the overall objective this study focussed on five specific objectives that are

addressed in the following chapters:

Objective 1: Review published literature, from 1900 to present, on human and bovine
brucellosis in SA and summarize the main clinical symptoms of human brucellosis reported by
SA medical practitioners.

Objective 2:  Determine the prevalence and distribution of reactor herds in Gauteng,
and the proportion of reactor cattle per herd test in the province over six-years (2013-2018).

Identify factors associated with herd reactor status and within-herd prevalence.

Objective 3:  Identify herd management risk factors associated with bovine
brucellosis and measure Brucella seroprevalence at various stages of infection evolution

expressed amongst cattle handlers on Brucella-infected cattle farms.

Objective 4:  Determine cattle handlers’ knowledge of brucellosis and health seeking
response to brucellosis-like symptoms and identify risk factors associated with selected stages

of infection evolution in this group.

Objective 5:  Conceptualize a systems model of brucellosis at the human-cattle-farm
interface in Gauteng to explain the increase of reported numbers of bovine brucellosis
outbreaks and concomitant lack of increase of numbers of human brucellosis cases using the

findings from studies conducted to meet objectives 2-4.

Framing the human-cattle-farm interface system in Gauteng

In this study we approached bovine brucellosis control using a One Health framework.
That is, we assumed an inter-relationship between cattle, human and environmental health.
Cattle herds participating in the Gauteng provincial veterinary services bovine brucellosis

control programme were within the scope of this study. In Gauteng, cattle are nested within
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herds. Cattle handlers and herds are nested within farms. Farms are nested within farm parcels
(neighbouring farms). Farm parcels are nested within health districts which are nested within
State Veterinary Areas (State Vet Areas). State Vet Areas are nested within provinces, which
are nested within South Africa. South Africa is nested within the WHO and OIE as a member
state. The WHO, OIE and FAO are nested within an overarching One Health framework and
the UN SDGs.

In Gauteng, a State Vet manages all the cattle herds within a State Vet Area. Each State
Vet Area employs animal health technicians (AHTS). AHTs are responsible for collecting
blood samples from cattle for bovine brucellosis testing and for vaccinating herds against
brucellosis with RB51. Provincial Veterinary Services and Provincial Health services operate

as separate silos unless there is a zoonotic outbreak of public health importance.

Overview of thesis chapters

Chapter 2

In order to understand the medical importance of human brucellosis associated with
bovine brucellosis in SA history, a narrative review of published literature on human and
bovine brucellosis in SA, was conducted. Chapter 2 assimilated these findings as an article
aimed to increase practitioner awareness of brucellosis by presenting evidence of the historical
importance of the disease in SA from the published literature. Furthermore, clinical findings
were reviewed in the context of the most pertinent challenges that clinicians face in the
detection, treatment and management of brucellosis in the current SA context. The article was

accepted and published in the South African Medical Journal.

Chapter 3

Chapter 3 addresses the lack of published information on the progress of bovine
brucellosis eradication. The aim of this chapter was to assess trends in the prevalence and
distribution of reactor herds in Gauteng and the proportion of reactor cattle per herd test in the
province over six-years (2013-2018). We analysed laboratory test results of all cattle herds that
participated in the Gauteng Provincial Veterinary Services’ eradication scheme between 2013—
2018. Herd reactor status and within-herd seroprevalence were modelled using mixed-effects

logistic and negative binomial regression models, respectively.
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Chapter 4

In order to address the gap in known herd management risk factors for bovine
brucellosis and the zoonotic risk of exposure to cattle handlers in Gauteng province, Chapter 4
reports on identified herd management risk factors associated with the persistence of bovine
brucellosis, Brucella seroprevalence and the various stages of infection evolution expressed
amongst cattle handlers on Brucella-infected cattle farms. We conducted a case-control study
on cattle farms participating in the bovine brucellosis control programme in Gauteng province.
All herds in Gauteng that participated in the programme between 2014-2016 were eligible for
this study. Farms were categorised as either case—when two or more cattle tested seropositive,
to increase the specificity of a herd diagnosis of brucellosis and select herds presenting greater
risk for cattle handler exposure —or control, following routine regulatory screening using the
Rose Bengal test (RBT), and confirmation of reactors with the complement fixation (CFT) test.
All cattle handlers on case farms were tested for brucellosis using four commercially available
serological tests: the RBT and IgM ELISA, the IgG ELISA, and an immunocapture
agglutination (BrucellaCapt) test. A subset of cattle handlers on control farms and veterinary
officials from the three State Vet Areas of the province were also tested. A structured
questionnaire on herd management practises and cattle symptoms was administered to herd

managers.

Seroprevalence was calculated for cattle handlers on case farms, control farms and
veterinary officials, according to (1) RBT (2) IgG ELISA and (3) BrucellaCapt serological
tests. Furthermore, seroprevalence is reported for five mutually exclusive combinations of test
results, indicative of infection evolution from short to long, in this group of persons. These
combinations were: (i) RBT positive AND IgM ELISA positive AND 1gG ELISA negative,
(if) RBT negative AND IgM ELISA positive AND IgG ELISA positive, (iif) RBT positive
AND IgM ELISA positive AND 1gG ELISA positive, (iv) RBT positive AND IgM ELISA
negative AND IgG ELISA positive, and (v) RBT negative AND IgM ELISA negative AND
IgG ELISA positive. Seropositive reactors on the BrucellaCapt test were allocated to the group
defined by the outcomes of the RBT, IgM ELISA and 1gG ELISA.

Univariate analyses were conducted to identify herd management factors and
symptoms associated with case herds. Herd management factors with two categories were
tested using the 2-sided Fisher test, and the Chi?test was used to analyse factors with more than
two categories. Variables associated with case herds, at significance p < 0.2 in the univariate

analyses, were included in a multivariable logistic regression model. Backward stepwise
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selection was used to identify significant (p < 0.05) factors. Model fit was assessed using the
Hosmer-Lemeshow goodness-of-fit test. Analyses were conducted in STATA 14 (StataCorp,
College Station, TX, U.S.A)).

Chapter 5

The final study aims to address the existing gap in our understanding of firstly, cattle
handlers’ knowledge of brucellosis and health seeking response to brucellosis-like symptoms
and secondly, the risk factors associated with selected stages of Brucella infection evolution in
this group. A cross sectional survey of cattle handlers, exposed to confirmed Brucella
seropositive and seronegative cattle herds, and a subset of provincial veterinary officials, was
conducted using face-to-face structured questionnaires, between March and November 2016.
The questionnaire captured information on participants knowledge of brucellosis and risk
factors for exposure to Brucella.

Descriptive statistics were done in Microsoft® Excel®. Univariate analyses were
conducted in STATA 14®, for outcomes (1) RBT and IgM ELISA, (2) IgG ELISA and (3)
BrucellaCapt seropositivity amongst farm workers and veterinary officials (N=230).).
Univariate associations between each variable and the outcomes were assessed using Fisher’s
exact test. Variables with p<0.20 were selected for inclusion into the multivariable logistic
regression models. Three separate mixed effects logistic regression models were fit to identify
risk factors for possible (1) infections of