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Abstract. Brucellosis caused by members of the genus Brucella is of major concern for animal
and public health and is recognized as a re-emerging zoonotic disease. Brucellosis causes flu-
like symptoms like fever, sweats, weakness, pain in muscles, joint and back, with some
symptoms persisting for longer time periods. Infections occur through consumption of
unpasteurized dairy products or undercooked meat, inhalation, and contact with animals.
Human-to-human transmission is rare. Surveillance of this disease in animals and humans and
prevention of infection risks factors are the most effective strategies to prevent brucellosis. With
the progress in sequencing technologies, whole genome sequencing (WGS) has become an
effective tool in surveillance, tracking of pathogens and in outbreak investigation. WGS allows
identification of the source of infection and to elucidation of transmission chains, which enables
authorities to implement timely and appropriate interventions.

1. Introduction

Members of the genus Brucella are Gram-negative, aerobe, non-spore-forming spherical to rod-shaped
bacteria. Brucella spp. cause brucellosis in a wide range of animals and humans. The clinical symptoms
of brucellosis are infertility and abortion in wild and domestic animals [1], and flu-like illness including
fever, sweats, weakness and pain in muscles, joint and back in humans [2]. Bacterial cells can colonise
virtually all organs and tissues, can persist for years intracellularly and may cause recurrent infections,
that — if untreated — can progress to a chronically incapacitating disease with severe focal complications
such as spondylitis, neurobrucellosis or Brucella endocarditis [3]. Four out of 12 currently known
Brucella sp. [4], namely B. melitensis (sheep and goat), B. abortus (cattle), B. suis (pig), and B. canis
(dog), are pathogenic for humans [5]; B. melitensis and B. abortus are responsible for most of the
reported clinical human cases [6].

With an estimated incidence of 500,000 cases per year, brucellosis is a frequent and widespread
zoonotic disease [7]. Travelling, globalization, illegal food imports and the occurrence of new variants
can be considered as driving factors for the re-emergence of brucellosis in so far brucellosis-free
countries [7,8,9,10,11,12]. Brucella can be transmitted from infected animals and contaminated tissues
to humans through inhalation or through skin contact, so is a high occupational risk hazard for hunters,
farmers, veterinarians and abattoir workers. For these occupational groups, where close contact with
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animal carcasses cannot be avoided, appropriate personal protective measures are required. However,
the major public health risk is due to the consumption of contaminated raw milk and raw dairy products,
and the consumption of raw or undercooked meat [2,6]. Pasteurization or sterilization of raw milk before
marketing or further processing into dairy products and sufficient cooking of meat are the most effective
measures to prevent Brucella. Most European Union (EU) member states are free of bovine and
ovine/caprine brucellosis, and brucellosis has become a rare zoonotic disease due to a strict eradication
program. However, more than 380 cases of human brucellosis, mainly caused by B. melitensis, were
reported in the EU in 2017, and more than 60% of patients required hospitalization [6].

Brucella is able to survive frozen storage conditions and can grow between 6°C to 42°C, between
pH 4.5 to pH 8.8 and in up to 4% NaCl. In addition, foods with a high fat content have a protective
effect, allowing a longer survival of Brucella [13,14]. Heating at 72°C for 15 seconds (or equivalent) is
sufficient to inactivate Brucella [13,14].

2. Whole genome sequencing (WGS) based surveillance

Austria is officially recognised as being free from bovine brucellosis (OBF) and of small ruminant
brucellosis, but a few human cases are still reported every year [15]. As B. melitensis infections in
Austria are rare and usually imported, collecting as many details as possible is essential to better
understand patterns of transmission. This includes epidemiological information on patient’s history but
also microbiological data on bacterial strains.

Whole genome sequencing (WGS) has been frequently used to identify outbreaks for various
diseases. For such investigations, it is worth implementing molecular techniques with the highest
possible discriminatory power, because they provide a higher probability that two isolates with similar
genetic profiles are indeed related. In the case of brucellosis, a retrospective study in Portugal was able
to identified likely “missed outbreaks” using WGS, as isolates with no documented links clustered
together [16]. In Austria, WGS was used to investigate a cluster of brucellosis cases detected in May
2018 [10]. Following an epidemic of miscarriages, B. melitensis was isolated from aborted bovine
material and milk. Two veterinarians and the farmer’s child were hospitalized and diagnosed with
brucellosis. The genetic similarity between the cattle and human isolates (<2 allelic differences in core
genome multi locus sequence type (MLST)) confirmed that they all belonged to the same outbreak. This
outbreak was the first proved zoonotic transmission of B. melitensis in Austria in more than 15 years.

WGS can also support clinical management of brucellosis patients. An Austrian patient diagnosed
with brucellosis in 2017 developed a second episode of brucellosis in 2019. To determine if the second
episode was a relapse or a reinfection, the two B. melitensis isolates were sequenced. The 2019 isolate
showed only one allelic difference in core genome MLST to the 2017 strain, supporting the hypothesis
of a relapse.

Finally, WGS can also be used to support the investigation of isolated and imported brucellosis cases.
Indeed, identifying importation routes is of crucial importance to take adapted control measures. When
the epidemiological investigation does not succeed, genomic data can be used to identify the most likely
geographical origin of the cases. This can be achieved using environmental or animal samples, as done
in a study from Germany [9]. They collected B. melitensis strains from Turkish sheep and were able to
link these animal isolates to clinical isolates from travellers returning from Turkey or Turkish
immigrants, suggesting that these cases were indeed imported from Turkey. When neither food isolates
nor animal isolates are available, B. melitensis strains can be compared with each other, analysing how
strains of unknown origin cluster with strains of known origin. Previous studies from Germany and Italy
used this method, and were successful thanks to a large number of isolates with known origin [17,18].
When lower numbers of isolates are available, published strains for which the country of infection is
reported can be used, as was done in Malta, Belgium, Norway and Sweden [19,20,21,22]. In Austria,
we were able to identify a cluster of 12 Austrian patients. B. melitensis strains isolated by Serbian
partners in animals grouped within this cluster, supporting the hypothesis that all cases of this cluster
were infected in Balkan countries.
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