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 Development and validation of methods

 Networking and training of official labs

 Inter-laboratory proficiency tests (ILPT)

 Provide scientific & technical support

 Maintain a scientific watch
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Our main activities for brucellosis

Annual proficiency tests
https://leila.anses.fr/

-Network of 130 labs (France+EU)

-serum / milk serology / CBP / bacteriology / molecular tests

Diagnosis/Confirmation
Bacteriology

Serology

Molecular biology

Sequencing

Control of biological products –
production of reference materials
Controls

-RBT, CFT, SAT, MRT antigens; ELISA kits

Reference materials

-standards, panel of reference sera

-strains

-reagents: phages, mono-specific sera…

Workshops/trainings

• Annual meeting (~30 countries)

Workshop LRUE Brucellosis

• >2 training sessions / year
Bacteriology, serology, ….



Introduction : Brucella generalities
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• Brucellosis is a worldwide zoonosis

• In animal: reproductive troubles (abortions), arthritis…

• In human: undulant fever, chronical affections

• 6 classical species with host preferences

Since 1994, 6 new species described ! 
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 First isolate from an aborted fetus

 Description of human infections (1999, 2003, 2006)

 Whatmore et al. 2008 = ST27, genotype associated with zoonotic infection

1994

… 1994 – 2019: 25-years of new Brucella hosts and species
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1994 2007

… 1994 – 2019: 25-years of new Brucella hosts and species

 systemic disease in a wild population of 

the common vole Microtus arvalis in South 

Moravia (Czech Republic) 

 1999–2003. 

 Acute infections: edema of extremities, 

occasionally with colliquating abscesses, 

arthritis, lymphadenitis, perforations of the 

skin resulting from colliquated abscesses, 

orchitis, and peritoneal granulomas
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1994 2007 2010

… 1994 – 2019: 25-years of new Brucella hosts and species

strain BO1 isolated from a breast 

implant infection of a 71-year-old female 

patient with clinical signs of brucellosis. 

B. inopinata
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1994 2007 2010

… 1994 – 2019: 25-years of new Brucella hosts and species

strain BO2 isolated from a lung 

biopsy in a 52-year-old patient with 

chronic destructive pneumonia 

B. inopinata
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1994 2007 2010 2014

… 1994 – 2019: 25-years of new Brucella hosts and species

2 strains obtained from 

baboons (Papio spp.) that had 

delivered stillborn offspring 

B. inopinata
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1994 2007 2010 2014 2016

… 1994 – 2019: 25-years of new Brucella hosts and species

2 strains

B. inopinata
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• Atypical hosts & new reservoirs

… 25-years of new Brucella hosts and species
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… 25-years of new Brucella hosts and species

• Exotic FROGS
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« Uncommon » human cases 

2017 – two case reports, B. neotomae

2019 – First case of B. suis biovar 1, Germany

64-year-old Costa Rican white Hispanic man (Central Valley of 

Costa Rica), hypertensive, a lung infection and a stroke with an 

intraparenchymal hemorrhage

51-year-old Costa Rican white Hispanic man from Puntarenas 

(East Pacific coast of Costa Rica), 4 years after case 1. Recurrent 

headache, disorientation, general muscle and joint pain, weight 

loss, cough, anorexia, and intermittent nocturnal fever (3 weeks)

56-year-old male patient presented in June 2018 to a 

family practice with a 3-day history of headache, 

minimal photophobia, malaise, and febrile temperatures.

Source of infection ? Wild animals ? Imported meat ?



2019 – B. inopinata like 3

• Mid-January 2019 (day 0), a French 28-years-old patient hospitalized, 

exploration of polyadenopathies associated with multiple pulmonary 

condensations

• animal keeper working with exotic animals (contacts with reptiles, 

amphibians, rodents or birds, several imported from abroad).

• day 6, a left cervical lymph node surgically removed, which triggered 

fever in the patient 

 Aerobic cultures positive after 48h incubation
– isolates cannot be identified using specific typing serum ; flagellated and motile

• isolate most similar to the B. inopinata -like isolates BO2 and B13-

0095
– isolated from a patient with severe pulmonary infection [Tiller et al. 2010] and from a Pac-

man frog [Soler-Llens et al., 2016], 

• After 6 weeks of antibiotic therapy : left cervical abscess under a 

surgical scar  Brucella DNA detected by PCR amplification of the 

Brucella -specific sequence IS711

• Not detected using commonly available serological tests
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France, 2017

• Frog breeding in France for human consumption
 Pan-pathogen examination

• A suspect strain has been isolated 
(API20-NE: O. anthropi, MALDI-TOF assay: Brucella spp.)

- Internal organs
- Cutaneous lesions

First isolation of a Brucella in a domestic frog farm

PCR
Typing
MLVA-16, RFLP
Whole genome sequencing

• Brucella-microti like confirmed
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Epidemiological investigations

September -

December 2017

Suspicion of brucellosis in farm A

Brucella spp. identification

April -June

2018

Epidemiological investigations in farm A

Confirmation of presence in farm B
(breeders donor)

June - Septembre 

2017

Second International Symposium on Brucellosis, 19-20 October 2020



How does a frog farm look like ?

• Greenhouses, with many basins…
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With different stages of frogs….

Tadpoles, young frogs, breeding / adult frogs
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A water circulation system with filters
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Estimation of 
prevalence

Environment

Water

Frogs

Epidemiological investigations - sampling scheme

+ 10 pools 

of 10 frogs

10 pools 

of 20 tadpoles

Soil

Basins water

Food
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Samples collection

Live animals Dead animals

Stage Nb of basins Nb of frogs Nb of 

basins

Nb of 

frogs

Adults (large) 5 57 4 16

Adults (young) 5 55 2 15

Froglets 2 27 1 10

Tadpoles 6 113 2 20

Total 18 252 9 61

Surface swabs: 22 basins

14 soil samples

1-2 L water from 16 basins 

2L entry water (Groundwater)

3 food samples (adults, froglets, tadpoles)

Animal:

Environment:
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Bacteriology
Detection

Dissection

Pool

Pool

Filtration
• muscles (legs)

• internal organs

• lesions Swabs

Bacterial counts

 Contamination level

Lab processing

PCR Brucella IS711
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8 pools of 20 tadpoles 

Median value 

of true prevalence: 84%

CI: 57,4%-97,5%

Tadpoles and froglets

Adults

10 pools of 10 adults 

Median value 

of true prevalence : 85,1%

CI: 59,3%-97,7%

Prevalence rate : tadpoles, froglets

Baysian approach

Se=95% ; Sp= 100% ; 

Beta distribution
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WATER

- Basins (16) : 6 positive results

- Surface swabs (22) : all positive

- Biofilters (2) : all positive

- Groundwaters (2) : all negative

Environment samples: water, soil, food

SOIL

- Sand or gravel samples (14) : 5 positive results

FOOD

- Samples (3) : all negative
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Future directions

 Identification of emerging Brucella species : 
IDEMBRU project
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• East EU-partners:

• NDRVMI – BFSA - National Centre of Food Safety: Hristo Daskalov, Albena 

Dimitrova, Mihail Milanov;

• South EU-partners:

• INIAV - Instituto Nacional de Investigação Agrária e Veterinária: Ana Cristina 

Ferreira, Regina Cardoso, Sandra Cavaco, Ana Botelho, Ana Amaro, Lurdes Clemente;

• INSA – Instituto Nacional de Saúde Doutor Ricardo Jorge: Ana Pelerito, Isabel 

Carvalho, João Paulo Gomes, Sofia Núncio;

• IZSAM - Istituto Zooprofilattico Sperimentale dell’Abruzzo e del Molise:
Fabrizio de Massis, Giuliano Garofolo, Flavio Sacchini;

• West EU-partners:

• APHA - Animal and Plant Health Agency: Adrian Whatmore and Roland Ashford;

• ANSES - French Agency for Food, Environmental and Occupational Health 

& Safety: Vitomir Djokic, Luca Freddi, Acacia Ferreira Vicente, Guillaume Girault;

• BfR - Bundesinstitut für Risikobewertung, Sascha Al Dahouk;

• FLI - Friedrich-Loeffler-Institut: Falk Melzer;

• WBVR –Wageningen Bioveterinary Research: Alexander Umanets, Hendrik Jan Roest.

Consortium



• priority topic ET 2.1 new brucellosis threats

• to develop a toolkit to detect and characterize emerging Brucella species and 

reservoirs.

• both emerging atypical Brucella strains, and classical species identified in atypical 

animal hosts, human populations, as well as re-emerging classical pathogenic 

Brucella linked with new consumption or movement patterns.

Objectives



Conclusions

• New species & reservoirs : more research is needed

• Atypical strains: difficulties to assess zoonotic potential / pathogenicity

 Limited numbers of reported human cases
 “Classical” identification approaches are not appropriate for B. inopinata - like 

strains / frog isolates

 Frog farms: no clinical signs in exposed workers

• Confirmation of high prevalence of Brucella in a domestic frogs : origin of the contamination ?

 Normal bacterial flora ?
 Presence in the environment?

future directions: Environment / New host species (IDEMBRU project)
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