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Abstract

Background: Brucellosis is one of the most widespread zoonosis in the world. In China, 90% of human brucellosis
occurs in six northern agricultural provinces. However, there is a recent increase in the trend of human brucellosis
in southern provinces with limited cases reported in the literature. Our study aims to describe the clinical features
and epidemiology of brucellosis in a tertiary hospital in southern China.

Methods: A retrospective case series of brucellosis was conducted between January 1, 2014 and October 31. 2018.
Cases were identified based on positive Brucella serology by tube agglutination test, or positive culture from clinical
specimen identified by Vitek 2 and MALDL-TOF MS. Clinical details of brucellosis including patients’ occupation, risk
factors, and complications were analyzed. Clinical characteristics between patients from Guangdong and other
provinces were also compared.

Results: A total of 13 cases of laboratory-confirmed brucellosis were identified. 7 (53.8%) of the patients were
male, 6 (46.2%) were female, with age ranging from 29 to 73 years old (median age: 51 years). 5 patients (38.5%)
were from Guangdong province, while the remaining patients (61.5%) were from other provinces. The commonest
risk factors of acquisition were consumption of undercooked meat and goat placenta. Patients from Guangdong
province were found to be more likely to have prior placenta consumption. The commonest clinical presentations
were fever, osteoarticular pain, urinary symptoms, splenomegaly, and lymphadenopathy. Spondylodiscitis/
peripheral joint arthritis (5 patients, 38.5%) was the most prevalent complication, while extra-osteoarticular
complications including abdominal aortitis, hepatosplenic abscess, chest wall abscess, and epididymo-orchitis were
observed in 4 other patients. Furthermore, it was demonstrated that MALDI-TOF MS is reliable in Brucella
identification after additional of reference spectra with standard Brucella strain.

Conclusions: Brucellosis, previously thought to be only found in northern China, is now increasingly seen in highly
cosmopolitan part of southern China. MALDI-TOF MS in hospitals in China should include reference spectra with
standard Brucella strain to aid bacterial identification in routine clinical practice. In addition to tuberculosis, typhoid
fever and typhus, brucellosis should be considered in patients with fever of unknown origin in this locality.
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Background

Brucellosis is a disease entity caused by a Gram nega-
tive coccobacilli of the genus Brucella, with Brucella
melitensis being the commonest implicated agent.
Other Brucella species including B. canis, B. abortus,
and B. suis have also been associated with human dis-
ease. Due to the indolent nature of the disease, to-
gether with the wide range of animals (such as sheep,
cattle, goats, pigs, etc.) being affected by brucellosis, it
is one of the most widespread zoonosis in the world
[1]. Possible routes of acquisition of brucellosis in-
clude consumption of derived food products such as
unpasteurized milk and cheese, contact with infec-
tious secretions from animals, and rarely human to
human transmission through blood transfusion, sexual
contact and organ transplantation [2, 3].

In China, 90% of brucellosis occurs in six northern
agricultural provinces including Inner Mongolia,
Shanxi, Heilongjiang, Hebei, Jilin, and Shaanxi. How-
ever, it is observed that there is a change in the epi-
demiology of brucellosis in China. Besides the above
endemic areas, there is recently an increase in trend
of human brucellosis in southern provinces, such as
Henan, Guangdong, and Fujian [4]. Retrospective
studies in northern China were commonly reported
[5, 6], yet similar studies were limited in southern
China [7, 8]. This retrospective study aims to include
a case series of brucellosis in Shenzhen, a Southern
Chinese cosmopolitan city with over 20 million
population including a large immigrant population
from other parts of China, and to describe the
clinical features and epidemiology of this disease in
Shenzhen.

Methods

This is a retrospective study conducted between January
1, 2014 and October 31, 2018 in The University of Hong
Kong-Shenzhen Hospital. This 2000-bed multi-specialty
hospital was established in 2012 and it provides primary
to tertiary medical services to residents of Shenzhen city
in both inpatient and outpatient settings.

Diagnosis of brucellosis was suspected through the
presence of compatible clinical presentation and in-
vestigation findings, and was further confirmed by a
positive serology through tube agglutination test or
isolation of Brucella species from clinical specimens.
Serology was performed by Shenzhen Center for
Disease Control and Prevention by tube agglutin-
ation test using B. abortus bacterial suspension.
Serum samples were collected and two-fold dilutions
were performed using 0.5% phenol saline as diluent,
then bacterial antigen suspension was added to the
test tube and incubated for 37°C in a water bath for
20-22h. A titer of 1:100 is suggestive of acute
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infection, while a titer of 1:50 is suggestive of
chronic infection. The Bac-Tac™ Blood culture sys-
tem (BacT/ALERT 3D (240), Biomerieux) was used
for isolation of Brucella species from blood culture
and joint aspirate. A Vitek 2 compact 60 system
(Biomerieux) was used for bacterial identification in
The University of Hong Kong-Shenzhen hospital and
Matrix-assisted laser desorption/ionization Time-of-
flight mass spectrometry (MALDI-TOF MS) (Micro-
flexLT/SH, Bruker Daltonics) was used for bacterial
identification in Queen Mary Hospital. The reference
mass spectra of B. melitensis was created by using
the ethanol formic acid extraction method in a Bio-
safety Class 2 cabinet [9].

Clinical details of 13 cases of brucellosis including
patients’ occupation, risk factors of acquisition and
complications were analyzed and reviewed. Further
statistical analysis was performed to compare the
differences in clinical characteristics between patients
from Guangdong province and other provinces.
Statistical analysis was performed using SPSS 24.0.
Categorical variables were compared using Chi-square
test, continuous variables were analyzed by Mann
Whitney U Test, and a p-value of less than 0.05 was
considered statistically significant.

Results

A total of 13 cases of brucellosis were identified in
the above 58-month study period. The clinical de-
tails of the patients were summarized in Table 1.
Out of the 13 patients, 7 (53.8%) of the patients
were male, 6 (46.2%) were female, with age ranging
from 29 to 73 years old (median age: 51 years). 5 pa-
tients (38.5%) came from Guangdong province, and
8 patients (61.5%) came from other provinces includ-
ing Heilongjiang, Inner Mongolia, Fujian, Henan, and
Shanxi. The commonest risk factors of acquisition
were from consumption of goat placenta (4 patients,
30.8%) and undercooked beef or goat (4 patients,
30.8%). Other risk factors included handling of ani-
mal meat (3 patients, 21.3%) and direct goat contact
(3 patients, 21.3%). However, no definite risk factors
were identified in the remaining two patients
(15.4%). Further statistical analysis revealed that pa-
tients from Guangdong province were more likely to
have consumption of goat placenta (80.0% vs 0.0%,
p=0.002) when compared with patients from other
provinces (Table 2).

Concerning the clinical presentation, the most com-
monly presenting symptoms included fever (92.3%),
osteoarticular pain (46.2%) and urinary tract symp-
toms (30.8%). Other common physical signs in our
cohort included splenomegaly (69.2%) and lymph-
adenopathy (46.2%). The commonest complication in
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Table 2 Comparison of clinical characteristics between patients
from Guangdong province and other provinces

Clinical characteristics Patient from  Patient from  p value
Guangdong  other

province (%) provinces (%)

Demographics

Sex (Male) 2 (40.0) 5(62.5) 0429
Age (Range/ Median) 29-73 (51) 29-64 (445) 0622
Prior exposure/ Risk factors
Contact with live animals 0 (0.0) 3 (37.5) 0118
Consumption of animal meat 1 (20.0) 3(375) 0.506
Consumption of goat placenta 4 (80.0) 0 (0.0) 0.002
Symptoms and signs
Fever 5(100.0) 7 (87.5) 0411
Abdominal pain 1 (20.0) 1(12.5) 0.715
Urinary symptoms 2 (40.0) 2 (25.0) 0.569
Joint pain 0 (0.0 1(12.5 0411
Low back pain 2 (40.0) 3 (37.5) 0928
Splenomegaly 3 (60.0) 6 (75.0) 0.569
Lymphadenopathy 3 (60.0) 3(375) 0429
Complications of infection
Spondylitis/ Arthritis 1 (20.0) 4 (50.0) 0279
Epididymo-orchitis 1 (20.0) 0 (0.0) 0.188
Intra-abdominal abscess 1 (20.0) 1(12.5) 0.715
Abdominal aortitis 1 (20.0) 0 (0.0) 0.188
Investigation results
Positive culture from 5(100.0) 7 (87.5) 0411
clinical specimen
Total 5(38.5) 8 (61.5)

our cohort was spondylodiscitis/ peripheral joint arth-
ritis (5 patients, 38.5%), while extra-osteoarticular
complications including abdominal aortitis, hepatos-
plenic abscess, chest wall abscess, and epididymo-
orchitis were observed in 4 other patients, with the
remaining 4 patients with no definite focal involve-
ment. No statistically significant differences were ob-
served in terms of clinical presentation and
complications when compared between patients from
Guangdong provinces and other provinces (Table 2).
Among all of the above complications, the most
life-threating complication was abdominal aortitis, as
demonstrated by the patient labelled case 12. This
patient is an elderly woman, with history of hyper-
tension and cerebral infarction on long term aspirin
(acetylsalicylic acid), losartan, metoprolol, and beta-
histine. She had history of handling and consump-
tion of goat placenta on multiple occasions during
the past one year. She first presented to our hospital
with constitutional symptoms (fatigue for 6 months,
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weight loss of 5kg in one month and fever), right-
sided abdominal pain radiating to the back for 1
week and non-specific symptoms such as cough,
dysuria, and constipation. A supine abdominal X-ray
revealed multiple air-fluid levels in the small bowel
(Fig. 1). Computed tomographic angiography (CTA)
showed an abdominal infrarenal aortic aneurysm
with penetrating ulcer, together with pseudoaneur-
ysm, and presence of lymphadenopathy (Fig. 2a and
b), which were not known prior to this admission.
Emergency endovascular repair was successfully per-
formed with a bifurcated stent-graft inserted (Fig. 3).
Although the above development of aortic aneurysm
could be accounted by underlying vascular risk fac-
tors, with the development of abdominal symptoms
only 1week prior to admission, presence of lymph-
adenopathy in CT scan, together with B. melitensis
isolated from blood culture, overall clinical picture
was suggestive of possible abdominal aortitis second-
ary to B. melitensis. Therefore, she was given intra-
venous antibiotics for 6 weeks, then antibiotics were
subsequently stepped down to oral doxycycline for
long term suppressive therapy. Currently the patient
is still under follow up in our clinic for one year,
with good clinical outcome and no recurrence.

Brucella species was isolated from the blood culture
from eleven patients and joint fluid culture from one
patient. All 12 strains were identified by MALDI-
TOF MS, and visual inspection of these spectra from
all the strains revealed a high similarity with refer-
ence spectra of B. melitensis (Fig. 4-5), with common
specific peaks for all the strains at 3023 Da, 3696 Da,
4537 Da, 5170 Da, 6674 Da, 7394 Da, 8037 Da, 9074
Da, 9786 Da, 12,425 Da and 16,060 Da. B. melitensis
with confidence scores above 2.0 were obtained for
all isolates, and if other bacteria such as Ochrobac-
trum, Pseudomonas and Enterobacteriaceae were in-
cluded in the final MALDI-TOF MS results table,
the confidence scores were less than 1.5. In addition,
all strains were further identified by Vitek 2 compact
system, with the result compatible with B. melitensis.

No positive culture from clinical specimen could
be obtained from 1 of the 13 patients, while her
Brucella antibody titer was found to be high with
her clinical disease responded to doxycycline. Among
the remaining 11 patients with serology performed
by standard tube agglutination test, 10 patients
(90.9%) showed a positive titer with the remaining
patient (9.1%) having a negative titer despite a posi-
tive blood culture.

These patients were treated with various combina-
tions of antibiotics depending on the organ of
involvement, side effects, and tolerability of antibi-
otics. The shortest duration of antibiotics was 6
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as infected abdominal aortic aneurysm

Fig. 1 Abdominal X-ray in supine and erect position. Prominent bowel loops were noted in the Abdominal X-ray, together with multiple fluid
levels in erect Abdominal X-ray suggestive of underlying ileus. Psoas shadow was obscured suggestive of possible retroperitoneal pathology, such

R
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weeks for patients with uncomplicated disease, and
3—4 months for osteoarticular involvement, abscess
and epididymo-orchitis; with the exception of case 4
who ceased treatment after 2 days of antibiotics. The
patient with intravascular infection such as abdom-
inal aortitis was put on long term oral suppressive
therapy after endovascular surgery. There were 3
(23.1%) patients with uncomplicated disease receiving
doxycycline plus gentamicin, whereas 1 (7.7%) re-
ceived doxycycline plus rifampin; 5 (38.5%) patients
received a combination of doxycycline, gentamicin
plus rifampin, and 3 (23.1%) patients with more
complicated disease received a combination of ceftri-
axone and doxycycline, gentamicin plus rifampin.

Discussion

Guangdong province is one of the areas in China
with the lowest incidence of brucellosis in the past
[10]. However, it was observed by different studies
that there is an emergence of cases of brucellosis in
southern China [11]. Shenzhen, a special economic
zone in China locating in the Guangdong province,
has an estimated population of 12 million people, in-
cluding a large migrant population from other re-
gions of China. In our study, 8 out of 13 patients
(61.5%) came from other provinces including Hei-
longjiang, Inner Mongolia, Fujian, Henan, Shanxi.
Among the five provinces, three are high-risk regions
of human brucellosis in China, with three patients
having history of goat contact at their hometown.
The above fact illustrated that the movement of

people from northern to southern China may explain
the current change in the epidemiology of brucellosis
in China.

Furthermore, live animals and raw meat products
are frequently transported from northern to southern
China, these actions put ordinarily low-risk popula-
tion at much higher risk when they consume or han-
dle infected animal products. In our study, 4 out of
13 (30.8%) patients had history of consumption of
undercooked meat. The chance of exposure to
undercooked meat could be related to change in eat-
ing habit, such as having hotpot or western cuisine
that sometimes food could be served raw. The risk
could be further increased if there is a lack of means
of livestock quarantine, therefore leading to infected
animal products readily crossing the border between
provinces [4].

In addition to that, 4 out of 13 (30.8%) patients
had history of consumption of goat placenta. Ac-
cording to traditional Chinese medicine theory, con-
sumption of placenta is believed to be able to boost
immunity and nutrition, therefore leading to an in-
crease risk of acquiring brucellosis in the Chinese
population. We also showed in our cohort that pa-
tients from Guangdong province had statistically sig-
nificant prior exposure to consumption of goat
placenta when compared with patients from other
provinces. The above findings were compatible with
the previous survey in Guangdong province that
more than 20% of cases of brucellosis had history of
goat placenta consumption [4]. The above difference
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Fig. 2 Computed tomographic angiography (CTA) of abdomen
before surgery (a) Axial view (b) Coronal view. CTA during contrast
phase showed abdominal aortic aneurysm with atherosclerotic
changes, together with mural thrombus and penetrating ulcer

in the exposure between different provinces could be
due to the special eating habits in southern part of
China, which were also being observed in other
studies [8, 11, 12]. Furthermore, previous animal
models have shown that the bacterial load of Bru-
cella species is extremely high in genital organs dur-
ing parturition. From a pregnant mouse model for
vertical transmission of B. melitensis, it was shown
that a higher degree of bacterial colonization was
found in the placenta than in the spleen and fetus
[13]. During acute brucellosis in pregnant cows, up
to 85% of the bacteria are found in cotyledons, pla-
cental membranes, and allantoic fluid [14]. Thus,
placenta contact possesses a greater risk to patients
in acquiring brucellosis. With the above consider-
ation of risk factors, human brucellosis would be ex-
pected to increase in southern China in the future.

Fig. 3 Computed tomographic angiography (CTA) of abdomen after
surgery. Emergency endovascular repair was performed with a
bifurcated stent-graft inserted as shown in the CTA

Osteoarticular involvement is the commonest com-
plication observed similar to other studies [15, 16],
with 1 patient developed arthritis and 4 patients de-
veloped spondylodiscitis. Cardiovascular involvement
is uncommon [17, 18], quoted to be <2% of in most
studies, and it usually manifests as culture negative
endocarditis. Although cardiovascular involvement is
rare, it remains the principal cause of mortality, usu-
ally involving the aorta causing aortitis. Arterioscler-
otic plaques serve as the site of attachment for
microorganisms due to their irregular surfaces,
therefore artherosclerosis has been considered to be
a risk factor of mycotic aneurysm and aortitis. From
the CTA imaging of case 12, certain amount of ar-
teriosclerotic plaques could be observed in the aorta.
Considered our study had a case of possible abdom-
inal aortitis (7.7%) in the hypoendemic regions, it is
likely that numerous cases went undiagnosed in the
hyperendemic regions, thus underestimating the true
incidence of the disease. Due to the lack of aware-
ness of brucellosis as the etiology of ruptured
aneurysm, further microbiological testing would be
required for intraoperative specimen if available.

MALDI-TOF MS has been suggested to be a fast
and reliable method for bacterial identification [19].
Databases have been developed to include the main
pathogenic microorganisms such as the In Vitro
Diagnostic Database adopted by BioMurex, thus
allowing the use of this method in routine bacterial
identification in daily clinical practice. However, Bru-
cella species have not yet been incorporated to some
of the main available database, especially in hypoen-
demic regions where isolation of Brucella is infre-
quent, therefore leading to the limitation of
misidentification of Brucella species as Ochrobactrum
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Fig. 4 MALDI-TOF MS spectra of the first 6 cases in the range from 2000 to 20,000 Da. Bacterial colonies from clinical specimen of the Cases 1-6
were identified by MALDI-TOF MS as Brucella melitensis, with common specific peaks with reference spectra for all the strains at 3023 Da, 3696 Da,
4537 Da, 5170 Da, 6674 Da, 7394 Da, 8037 Da, 9074 Da, 9786 Da, 12,425 Da and 16,060 Da

species in these clinical settings. In our study, the 12
Brucella isolates were subjected to direct comparison
using Vitek 2 compact system and MALDI-TOF MS,
with both systems showing the same result of B.
melitensis. This not only conformed to previous lit-
erature that B. melitensis is the commonest species
causing human brucellosis [20], but also suggested
that MALDI-TOF MS is reliable and rapid in
Brucella identification after additional of reference
spectra with standard Brucella strain.

One of the limitations of our study is the difficulty
in determination of the definitive route of transmis-
sion in all of the cases. As this study is retrospective
in nature, we were unable to obtain environmental
or food samples for isolation of Brucella species in
these specimens, and to further perform phylogenetic

analysis to confirm the definitive link of transmis-
sion, therefore only risk factors of acquisition were
analyzed.

Conclusion

In summary, due to the increasing number of mi-
grant populations from northern to southern China,
changes in lifestyle and habit of consumption of goat
placenta for traditional Chinese medicine use, the in-
cidence of brucellosis is expected to increase in the
future in southern China. MALDI-TOF MS in hospi-
tals in China should include reference spectra with
standard Brucella strain to aid bacterial identification
in routine clinical practice. In addition to tubercu-
losis, typhoid fever and typhus, Brucella infection
should be considered as a differential diagnosis for
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Fig. 5 MALDI-TOF MS spectra of the last 6 cases in the range from 2000 to 20,000 Da. Bacterial colonies from clinical specimen of the Cases 7-10,
12-13 were identified by MALDI-TOF MS as Brucella melitensis, with common specific peaks with reference spectra for all the strains at 3023 Da,
3696 Da, 4537 Da, 5170 Da, 6674 Da, 7394 Da, 8037 Da, 9074 Da, 9786 Da, 12,425 Da and 16,060 Da

patients with pyrexia of unknown origin in southern
China. Cardiovascular involvement due to brucellosis
maybe previously considered as uncommon, however,
with the aging population and growing population of
patients with underlying cardiovascular disease, the
possibility of cardiovascular involvement should not
be overlooked.
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