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Abstract

In July 2018, brucellosis was diagnosed in a German patient without a travel history to regions endemic for Brucella.
Microbiological analysis, including whole-genome sequencing, revealed Brucella suis biovar 1 as the etiologic agent. Core-
genome-based multilocus sequence-typing analysis placed the isolate in close proximity to strains originating from Argen-
tina. Notably, despite a strong IgM response, the patient did not develop Brucella-specific IgG antibodies during infection.
Here, we describe the clinical course of infection, the extensive epidemiological investigations, and discuss possible routes

of transmission.
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Introduction

Human brucellosis, caused by Brucella species, is a noti-
fiable disease in Germany and belongs to the most com-
mon bacterial zoonotic diseases worldwide. Brucellosis is
endemic in countries of the Mediterranean basin, Middle
East, parts of Central and South America, Africa, and Asia.
Symptoms occur within an incubation period of 10-21 days,
in some cases up to several months. The clinical picture
of human brucellosis is not specific, often accompanied
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with flu-like symptoms such as undulant fever, sweating,
asthenia, myalgia, arthralgia, and headache. The agent can
be translocated to almost any tissue or in vivo site, and in
case of improper antibiotic treatment, the disease has a high
risk of chronification and/or relapses. B. melitensis is the
predominant species causing human brucellosis in most
endemic regions, but B. abortus or B. suis might signifi-
cantly contribute to the number of human infections in areas
with extensive cattle or swine livestock farming, and there-
fore, the occurrence of the different Brucella species varies
among geographic regions. Germany became officially free
from brucellosis in cattle, sheep, and goats in 2002 and no
autochthonous human infection has been reported ever since.
However, annually, up to 50 human cases are imported to
Germany from endemic regions. The majority of these cases
(>95%) are caused by B. melitensis, followed by B. abortus
and B. suis, respectively. Importation occurs either through
travellers or immigrants or via contaminated food prod-
ucts such as unpasteurized cheese or raw meat [1]. Despite
being free of B. melitensis and B. abortus, wild boars and
hares in Germany are known carriers of B. suis biovar 2,
a biovar of B. suis which is of low human virulence, but
may be transmitted to livestock, causing severe economic
losses [2, 3]. In recent years, the isolation of B. suis biovars
1 and 3 from wild animals (wild boars) in Europe has been
reported, but until now, no autochthonous human infection
occurred [4]. Nevertheless, the virulence of biovars 1 and 3
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Table 1 Laboratory results at different timepoints

Parameter (unit), (normal range) 21.06.2018 26.06.2018 11.07.2018 20.07.2018 09.08.2018 24.08.2018 23.10.2018
White cell count (per mm?) 3760 2800 2200 3200 3210 2960 4300
Platelet count (per mm3) 112,000 68,000 111,000 323,000 295,000 252,000 235,00
Hemoglobin (g/dl) 15.6 13.0 9.8 11.7 12.0 13.6 15.7
Creatinine (mg/dl), (0.6-1.1 mg/dl) 0.85 0.92 0.89 0.81 0.78 0.82 0.97
C-reactive protein (mg/dl), (<0.5) 6.3 5.8 4.4 0.5 <0.5 <0.5 <0.5
Alanine aminotransferase (U/1), (<45 U/l) 64 184 62 20 17 40 30
Aspartate aminotransferase (U/1), (<45 U/l) 63 147 78 30 18 41 38
towards humans is considered to be much higher, compared  Table2 CSF results

to biovar 2. Here, we describe the clinical course of the first Parameter (unit), (normal range) 25062018
B. suis biovar 1 infection in a German patient without a

travel history to regions endemic for Brucella. An extensive ~ White cell count (per/ul) 10
epidemiological survey together with subsequent attempts to ~ CSF protein (mg/dl), (20-50) 60
cultivate the agent from various potential sources as well as ~ Glucose (mg/dl) 61
molecular typing were initiated to shed light on the possible ~ Lactate (mmol/l), (1.1-2.1) 2.2

route of infection.
Case description

A 56-year-old male patient presented in June 2018 to a fam-
ily practice with a 3-day history of headache, minimal pho-
tophobia, malaise, and febrile temperatures up to 38.4 °C
(tympanic temperature). His medical history revealed arte-
rial hypertension, hyperlipidemia, adiposity, and tobacco
addiction. The patient reported no recent travel history, no
animal contacts, or insect bites. He lives in the Ortenau dis-
trict, a rural area in Southwestern Germany, is married and
has three children. He is employed as an office worker in
an industrial company producing metalwork. A follow-up
visit the next day was scheduled on the basis of the prelimi-
nary diagnosis of a common cold. The initial blood samples
showed a low platelet count of 112,000 per mm?, elevated
liver function tests and a C-reactive protein at 6.3 mg/dl
(normal <0.5 mg/dl) (Table 1). Serological screening for
tick-borne encephalitis virus was negative. After a follow-
up visit with persistent symptoms and febrile temperature,
the patient was admitted to the neurological department of a
local hospital. Advanced diagnostic workup, including blood
cultures, cerebrospinal fluid (CSF) diagnostics regarding
varicella zoster virus, herpes simplex virus (HSV), borrelio-
sis, screening for viral hepatitis including Epstein—Barr virus
and cytomegalovirus, human immunodeficiency virus, and
Treponema pallidum, was done without any positive find-
ings. There was a moderate CSF pleocytosis with 10 cells/ul
(Table 2). Abdominal sonography showed a marked hepato-
splenomegaly and an infra-renal abdominal aortic aneurysm
with 37 mm in diameter. The patient was discharged with
the diagnosis of unspecific viral meningitis with coinciding
hepatitis. This was in-line with cranial magnetic resonance
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imaging findings which indicated meningitis without signs
of encephalitis and a small frontal white matter lesion.

One week later, the patient presented again to the primary
care facility with the chief complaint of a laceration wound
at the forehead caused by a transient loss of consciousness
and fever up to 39.4 °C. The working diagnosis at that time
was fever of unknown origin and the patient was admitted to
the department of internal medicine. The initial five sets of
blood cultures indicated the growth of Gram-negative rods.
Sub-cultured isolates were initially identified as Brucella
melitensis via matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS) by the
external microbiological laboratory using the standard Bio-
typer® reference library and the security-relevant library for
identification (Bruker Daltonik GmbH, Bremen, Germany).
Anti-infective treatment was initiated with p.o. doxycycline
(100 mg bid), p.o. rifampin (450 mg bid), i.v. ceftriaxone
(2 g bid), and i.v. gentamicin for 2 weeks, followed by oral
outpatient antibiotic treatment with doxycycline (100 mg
bid), rifampin (450 mg bid) for 4 weeks. Extended diagnos-
tic workup with transesophageal echocardiography showed
no masses or valvular defects. Total-body computed tomog-
raphy with contrast material was performed showing sub-
segmental pulmonal embolism, hepatosplenomegaly, and the
abdominal aortic aneurysm. To rule out osteoarticular infec-
tion, a total-body scintigraphy was performed, but there was
no evidence of an osteoarticular focus. Symptoms improved
on antimicrobial treatment and subsequent blood cultures
showed no growth as expected. Four months later, at the end
of October, laboratory results including white cell count,
platelet count, and liver function tests were normalized
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Fig.1 Core-genome-based (cgMLST) minimum spanning tree

of 70 B. suis strains belonging to different biovars. The strain of
this study is marked with an arrow. The tree was generated with
SeqShere (Ridom GmbH, Muenster, Germany) using the cgMLST

(Table 1). Abdominal sonography control of the aortic aneu-
rysm was pending.

Advanced microbiology and epidemiological
investigation

The bacterial strain isolated from blood culture was trans-
ferred to the national consultant laboratory for brucellosis
for confirmation of the species identification and antimicro-
bial susceptibility testing. Brucella was confirmed by poly-
merase chain reaction (PCR) targeting the genus-specific
markers IS711 and bcsp31. However, the species differen-
tiating Brucella bruce-ladder PCR [5] identified the isolate
as B. suis. The initial misidentification as B. melitensis by
MALDI-TOF MS was due to a lack of B. suis reference
spectra in the applied commercial database. To determine
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scheme as described before [7]. This whole-genome shotgun pro-
ject has been deposited at DDBJ/ENA/GenBank under the acces-
sion SRIHO0000000. The version described in this paper is version
SRIH01000000

the exact taxonomic affiliation, whole-genome sequencing
on a MiSeq platform and subsequent in silico multilocus
sequence typing (MLST), multiple-locus variable-number
tandem-repeats analysis (MLVA-16), and single-nucleotide
polymorphism (SNP) analysis using own and external scripts
as described recently [6—8] were performed. The sequenced
genome has been deposited at DDBJ/ENA/GenBank under
the accession SRIHO0000000. The genetic profile of the
strain clearly revealed a member of the Brucella suis biovar
1 clade (Fig. 1) with closest proximity to strains from a dog
fed with contaminated meat from Argentina. Antimicrobial
susceptibility testing using broth microdilution showed
sensitivity towards doxycycline, rifampin, trimethoprim/
sulfamethoxazole, gentamicin, and streptomycin. Unfortu-
nately, no retained CSF sample was available for Brucella
PCR testing.
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Table 3 Brucella serology

X X . Parameter (unit), (reference) 12.07.2018 13.08.2018 24.08.2018
results from different timepoints
in parallel titration Brucella IgG antibodies (U/ml), (< 20) 24 8 8
Brucella IgM antibodies (U/ml), (< 15) 2368 2176 1536
Brucellacapt® (titre), (< 1:40) 1:80,960 1:80,960 1:40,480

1gG immunoglobulin G; IgM immunoglobulin M, U units

Fig.2 Content of the patients”
freezer. a Beef steak (origin
unknown), b fillet of pork
(origin unknown), ¢ leg of hare
from Argentina, d saddle of
pork (origin unknown)

Brucella serology using Brucella IgM and IgG antibody
enzyme-linked immunosorbent assay (ELISA) (Virion/
Serion, Wuerzburg, Germany) and Brucellacapt® (Vircell,
Granada, Spain) resulted in highly positive IgM antibody
and Brucellacapt® values, but unexpectedly revealed only
borderline IgG antibody values. The follow-up sera showed
also no IgG class-switch of Brucella-specific antibodies even
two months later, while IgM values were slightly decreasing
(Table 3).

The patient reported no recent travel history, no consump-
tion of (unpasteurized) dairy products, no animal contacts,
hunting experiences, and no insect bites. He lives in rural
Southern Germany, and in the weeks before onset of symp-
toms, he did a lot of gardening at his property, where he
often observed wild hares.

Extensive interviewing of the patient revealed exces-
sive meat consumption. He is in the habit of buying batches
of meat from a wholesale market and to process the meat
in his garage. He cut his finger during preparation of
minced meat (consisting of pork and beef) approximately
two months before the onset of symptoms. To elucidate the
mode of transmission, the patient and his family were vis-
ited at home. His freezer contained the leg of a hare from
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Argentina, saddle of pork (origin unknown), fillet of pork
(origin unknown), and beef steak from Botswana, but unfor-
tunately, no retained sample of the minced meat mentioned
above (Fig. 2). From a previously consumed second leg of a
hare from Argentina, also no retained sample was available.
He denied the consumption of meat from wild boar.

All available meat samples showed negative results in
Brucella PCR testing (targets: bcsp31, IS711) and all micro-
biological cultures were negative for Brucella species. The
family, including his wife and the two sons of the patient,
showed no symptoms and their Brucella IgM and IgG anti-
body ELISA tests were negative one month after diagnosis
in our patient. The third child was not living in the same
location and, therefore, was not tested.

Discussion

B. suis is frequently isolated in regions of South America
mainly in Argentina, the USA, and European countries [9].
The species is subdivided into five biovars. In Europe, B. suis
biovar 2 is responsible for infections of wild boars and hares
[2, 10], whereas B. suis biovar 1 is the most frequently found
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biovar in South America isolated from humans and pigs [9].
The usual route of transmission to humans is the ingestion
of contaminated food, e.g., unpasteurized dairy products or
undercooked meat from infected animals. The disease may
also be acquired by handling infected animals or inhalation
of infectious aerosols. In particular, B. suis biovar 1 trans-
missions were described from Argentina in slaughterhouse
workers. Affected employees were infected by injuries when
processing pork meat, contaminated aerosols, conjunctival
splashes, or direct bacterial entry through skin lesions [11,
12]. From other countries (The United States, Australia,
Turkey), B. suis biovar 1 infections have been described in
humans who hunt and handle feral pigs and are associated
with dressing the killed animals or processing their meat
[13-15]. Furthermore, in a dog from The Netherlands suf-
fering from a B. suis biovar 1 infection, the risk of infection
was determined to be a raw meat-based diet. In this case,
the contaminated meat consisted of carcasses of hares from
Argentina [16]. To trace back such importations, molecular
epidemiological analyses using modern molecular finger-
printing techniques such as MLLVA or genome-wide mutation
analysis are crucial. Unfortunately, in our case, the source of
infection could finally not be elucidated by means of bacte-
rial culture of retained meat samples nor by molecular fin-
gerprinting. All investigated meat samples were Brucella
negative. No retained sample exists from the minced meat
(which was most likely the source of infection). Therefore,
evidence-based source attribution was not possible. Due to
the limited number of B. suis biovar 1 genome sequences in
the databases and sparse or possibly even erroneous meta-
data on geographical origin of the strains, a spatial attribu-
tion of the isolate was also not possible. The closest genetic
relatives with 18 and 23 SNPs, respectively, originate from
Argentina. However, because of limited genomic data in the
databases, this epidemiological link remains speculative.
The route of transmission also remains a matter of specula-
tion, but occurred most likely during preparation of minced
meat when the patient cut his finger. Since the origin of the
processed meat is unknown and B. suis biovar 1 is distrib-
uted globally, the pork meat is a possible source of infec-
tion. Despite being tested negative for B. suis in the remain-
ing batch, the leg of a hare from Argentina can also not be
entirely ruled out as a potential source of infection, as the
closest genetic relatives originate from Argentina. Infection
via ingestion seems less likely, because household contacts
sharing the same food preferences showed no symptoms and
were serologically negative regarding Brucella species.

An interesting and unexplained feature of the presented
clinical course is the missing IgG antibody response,
despite the presence of a high level of Brucella-specific
IgM antibodies. Extended immunological workup showed
no evidence of immune deficiency. Immune responses to

vaccine antigens such as measles virus or frequent patho-
gens such as HSV showed appropriate IgG levels. How-
ever, published case reports indicate that in rare cases
of B. suis infections, a general immune response or IgG
seroconversion is missing [17]. Up to date, it remains
a matter of debate, which host and/or pathogen factors
might be relevant in this context. Analysis of the wbk
genetic island encoding for lipopolysaccharide synthesis
revealed no peculiarities which might have explained the
lack of specific IgG antibody response (data not shown).

In conclusion, the detection of B. suis biovar 1 in a
patient without a travel history to regions endemic for
Brucella could be due to an autochthonous infection
acquired from wild animals, but also due to the import of
contaminated food. Although the hypothesis of an infec-
tion via imported meat seems to be more likely in our
case, this should alert physicians of a zoonotic disease
acquirable also in Western Europe. Since B. suis biovar 1
is highly pathogenic to humans when compared to biovar
2, the occurrence of biovar 1 in Western Europe is of great
importance. Therefore, brucellosis should be considered in
all patients with unexplained febrile illness even without
travel history to endemic regions, particularly when they
have contact to wild animals or relevant food preferences.
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